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Abstract: The intricate nexus between stress levels and immune system efficacy has drawn considerable scientific interest, 
given its profound implications for human health and quality of life. Persistent or chronic stress can precipitate deleterious 
outcomes on the immune system, inducing immune system imbalance, heightened vulnerability to infections, and elevated 
probability of contracting a diverse range of diseases. This analytical review presents an exhaustive exploration of the complex 
interaction between stress conditions and immune responses. It delves into the effects of stress stimuli on the activity of 
immune cells, the production of cytokines, inflammation levels, and the equilibrium of pro-inflammatory and anti-
inflammatory processes. Furthermore, this paper examines various stress management methodologies such as mindfulness-
based stress reduction, meditation practices, physical exercise, and social support networks that can potentially ameliorate 
immune system performance and mitigate the harmful consequences of chronic stress. Comprehending the interconnectivity 
between stress and immune responses is indispensable for fostering optimal health and quality of life. Subsequent research 
endeavors should concentrate on demystifying the underlying mechanisms of stress-induced immune imbalances and 
individual variances in stress reactions to devise bespoke strategies for stress regulation and immune system fortification. 
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Stres ile Bağışıklık Fonksiyonu Arasındaki İlişki: Bir Derleme Makalesi 

Öz: Stres düzeyleri ile bağışıklık sistemi etkinliği arasındaki karmaşık ilişki, insan sağlığı ve yaşam kalitesi üzerindeki derin 
etkileri nedeniyle önemli bilimsel ilgi görmüştür. Sürekli veya kronik stres, bağışıklık sistemi üzerinde olumsuz sonuçlar 
doğurarak bağışıklık dengesizliğine, enfeksiyonlara karşı artan hassasiyete ve çok çeşitli hastalıklara yakalanma olasılığının 
yükselmesine yol açabilir. Bu analitik derleme, stres koşulları ile bağışıklık tepkileri arasındaki karmaşık etkileşimi kapsamlı 
bir şekilde incelemektedir. Metin, stres uyaranlarının bağışıklık hücrelerinin aktiviteleri, sitokin üretimi, iltihap düzeyleri ve 
proinflamatuar (iltihap artırıcı) ile antiinflamatuar (iltihap önleyici) süreçlerin dengesi üzerindeki etkilerini ele almaktadır. 
Ayrıca bu çalışma, bağışıklık sistemi performansını iyileştirebilecek ve kronik stresin zararlı etkilerini hafifletebilecek 
farkındalığa dayalı stres azaltma, meditasyon uygulamaları, fiziksel egzersiz ve sosyal destek ağları gibi çeşitli stres yönetimi 
yöntemlerini de incelemektedir. Stres ile bağışıklık tepkileri arasındaki karşılıklı bağlantıyı anlamak, sağlığın ve yaşam 
kalitesinin en iyi düzeye çıkarılması için vazgeçilmezdir. Gelecekteki araştırmalar, strese bağlı bağışıklık dengesizliklerinin 
altında yatan mekanizmaların ve bireysel stres tepkilerindeki farklılıkların anlaşılmasına odaklanarak stresin düzenlenmesi 
ve bağışıklık sisteminin güçlendirilmesi için kişiye özel stratejiler geliştirmeyi amaçlamalıdır. 

Anahtar kelimeler: Stres ve bağışıklık işlevselliği, bağışıklık baskılanması, kronik stres, strese bağlı bağışıklık. 

 

Introduction 

Stress and immune functionality represent two 
interrelated facets of human physiological processes, 
which have undergone rigorous scientific scrutiny in 
contemporary years. The connection between these two 
phenomena, stress, and immune functionality, has 
attracted substantial scholarly interest due to the profound 
implications it holds for human health and quality of life. 
In this analytical review, we intend to present an 
exhaustive evaluation of the prevailing comprehension of 
the complex interaction between stress stimuli and 
immune responses (Dhabhar, 2014; Morey et al., 2015). 

Stress constitutes a natural physiological reaction to 
situations perceived as complex or menacing. Many 
environmental, psychological, and physiological stressors 
can instigate it. The onset of stress initiates a multifaceted 

series of physiological and psychological reactions, 
collectively called the stress response. This reaction 
encompasses stimulating the hypothalamic-pituitary-
adrenal (HPA) axis and the secretion of stress-related 
hormones, such as cortisol (Tsigos et al., 2020; Chu et al., 
2020). 

The immune system bears the crucial responsibility 
of safeguarding the body against harmful pathogens and 
upholding general health. It encompasses a coordinated 
network of cells, tissues, and organs collaborating to detect 
and eradicate foreign intruders. The immune system is 
instrumental in shielding the body from infections, 
diseases, and other health conditions (Nicholson, 2016). 

Numerous studies have indicated that stress can 
exert a profound influence on immune function. Acute 
stressors have been observed to temporarily augment 
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certain facets of immune functionality, such as mobilizing 
immune cells toward sites of infection or injury. However, 
persistent or long-term stress can precipitate immune 
dysregulation and suppression, enhancing individuals' 
vulnerability to infections and diseases (Dhabhar, 2014; 
Morey et al., 2015). 

The mechanisms that underpin the effects of stress on 
immune functionality are intricate and multilayered. A 
primary pathway involves the secretion of stress 
hormones, specifically cortisol, which can modulate 
immune cell activity and functionality. Cortisol has been 
demonstrated to possess both immunostimulatory and 
immunosuppressive impacts, contingent on the timing 
and duration of stress exposure (Dhabhar, 2009). 

Alongside hormonal influences, stress can also 
impact immune functionality via alterations in 
inflammatory processes. Chronic stress has been 
correlated with elevated production of pro-inflammatory 
cytokines, potentially contributing to chronic low-grade 
inflammation within the body. This persistent 
inflammation is postulated to play a part in the 
development of various diseases, encompassing 
cardiovascular disease, metabolic conditions, autoimmune 
disorders, and mental health conditions (Liu et al., 2017; 
Seiler et al., 2020). 

Comprehending the connection between stress and 
immune functionality holds significant implications for 
both medical and psychological domains. It underscores 
the necessity for interventions and strategies aimed at 
minimizing the adverse effects of stress on immune 
functionality and general health. Stress management 
techniques, such as mindfulness-based stress reduction, 
meditation, physical exercise, and social support systems, 
have demonstrated the potential to enhance immune 
functionality and mitigate the deleterious effects of chronic 
stress (Antoni & Dhabhar, 2019). 

This review article delves into the complex 
relationship between stress and immune functionality. It 
examines the impact of stress on immune cell activity, the 
mechanisms underlying stress-induced immune 
suppression, the interplay between stress and 
inflammation, and the repercussions of chronic stress on 
immune functionality and disease susceptibility. 
Moreover, it discusses stress management techniques that 
can be implemented to enhance immune functionality and 
overall well-being. Through illuminating this significant 
topic, we aim to contribute towards a more comprehensive 
understanding of how stress impacts our immune system 
and how we can counteract its adverse effects for 
improved health outcomes. 

1. Overview of Stress and Immune Function 

Stress is an innate physiological reaction to situations 
perceived as challenging or threatening. Various elements, 
including environmental, psychological, and 
physiological stressors, can instigate it. These stressors can 
span day-to-day life occurrences, such as occupational 
stress or relational conflicts, to more severe traumatic 
experiences. Regardless of the origin, the body's response 
to stress encompasses physiological and psychological 
modifications to prepare the individual for a fight-or-flight 
reaction (Schneiderman et al., 2005). 

1.1. Hypothalamic-pituitary-adrenal (HPA) axis 

One important physiological system that plays a key part 
in the body's reaction to stress is the hypothalamic-
pituitary-adrenal (HPA) axis. The pituitary, adrenal 
glands, and hypothalamus are all included in this complex 
network. Corticotropin-releasing hormone (CRH), 
released by the brain in response to stress, instructs the 
pituitary gland to release adrenocorticotropic hormone 
(ACTH). ACTH then stimulates the adrenal glands to 
produce stress hormones, mainly cortisol (Fig. 1) (Sheng et 
al., 2021; Smith & Vale, 2006). 

Known as the "stress hormone," cortisol is an 
essential mediator of the effects of stress on immunological 
function. It modifies the activity and reactivity of many 
immunological cells and tissues throughout the body. 
Specific components of immunological function have been 
reported to be enhanced by cortisol in acute stress 
circumstances. Most notably, it can speed up and improve 
the immune response by facilitating the migration and 
mobilization of immune cells to infection or damage sites 
(Thau et al., 2019). 

However, long-term or persistent stress can cause 
immune system dysregulation and suppression. 
Prolonged exposure to elevated levels of cortisol can 
impede the functionality of immune cells, thereby 
compromising the body's ability to mount an effective 
immune response. Chronic stress has been associated with 
reduced proliferation of immune cells, diminished 
production of antibodies, and alterations in cytokine 
profiles (Segerstrom & Miller, 2004). 

1.2. Other hormonal stimulants for stress mediation 

The impacts of stress on immune functionality are not 
exclusively mediated by cortisol. Other stress-related 
factors, such as catecholamines (e.g., adrenaline and 
noradrenaline), other glucocorticoids, neuropeptides, and 
neurotransmitters, also play significant roles in 
modulating immune cell activity. These factors can act 
directly on immune cells or indirectly through interactions 
with other components of the immune system, such as 
cytokines or immune cell receptors (Arora & 
Bhattacharjee, 2008; Liu et al., 2017; Liu et al., 2022). 

Besides hormonal influences, stress can also impact 
immune functionality by altering inflammatory processes. 
Chronic stress has been correlated with elevated 
production of pro-inflammatory cytokines like 
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α). 
These cytokines play crucial roles in initiating and 
regulating inflammatory responses. While acute 
inflammation is necessary for combating infections and 
fostering tissue repair, chronic low-grade inflammation 
can be detrimental to health (Tian et al., 2014). 

Stress-induced inflammation can disrupt the delicate 
equilibrium between pro-inflammatory and anti-
inflammatory processes in the body, leading to chronic 
inflammation contributing to disease pathogenesis 
(Furman et al., 2019; Liu et al., 2017). 

The interaction between stress and immune 
functionality is bidirectional – not only does stress 
influence immune functionality but immune functionality 
can also modulate the body's response to stress. The 
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immune system contains specialized cells called microglia, 
responsible for detecting and responding to pathogens or 
foreign substances in the brain. These cells also play a role 

in regulating neuroinflammation and neuroprotection 
(Holzer et al., 2017; Schramm & Waisman, 2022).  

 

Figure 1. Overview of chronic stress impacts on immune response. Stress can trigger hypothalamus activation and sympathetic nerve 
system. This effect leads to hyper secretion of catecholamines and glucocoticoids (Liu et al., 2022). 

Emerging evidence suggests that chronic stress can 
activate microglia, leading to an increased production of 
pro-inflammatory cytokines in the brain. This 
neuroinflammatory response has been associated with the 
development of mood disorders such as depression and 
anxiety. Conversely, dysregulation of immune 
functionality due to chronic stress can impair 
neuroprotective mechanisms and contribute to 
neurodegenerative conditions (Wang et al., 2022). 

Understanding the relationship between stress and 
immune functionality holds significant implications for 
both medical and psychological fields. It underscores the 
necessity for interventions aimed at minimizing the 
adverse effects of stress on immune functionality and 

general health. Stress management techniques, such as 
mindfulness-based stress reduction, meditation, physical 
exercise, and social support systems, have demonstrated 
the potential to enhance immune functionality and 
mitigate the deleterious effects of chronic stress (Antoni & 
Dhabhar, 2019). 

2. The Impact of Stress on the Immune System 

One of the fundamental mechanisms by which stress 
impacts the immune system involves alterations in the 
distribution and functionality of immune cells. During 
acute stress situations, cortisol can enhance specific aspects 
of immune functionality, such as facilitating the 
mobilization and migration of immune cells towards sites 
of infection or injury. This response proves advantageous 
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in the short term, facilitating prompt immune responses 
and aiding in tissue repair (Dhabhar, 2009; Seiler et al., 
2020). 

Nonetheless, chronic stress can give rise to the 
dysregulation and suppression of immune cell 
functionality. Prolonged exposure to heightened cortisol 
levels can impede the production and activity of key 
immune cells, encompassing lymphocytes (such as T cells 
and B cells), natural killer (NK) cells, and macrophages. 
These cellular components play indispensable roles in the 
recognition and elimination of pathogens or aberrant cells 
within the body (Zhang et al., 2020). 

Research findings suggest that chronic stress is 
associated with a decrease in both the quantity and 
functionality of lymphocytes. Since lymphocytes are in 
charge of producing antibodies and coordinating immune 
responses directed against certain antigens, they are 
essential to adaptive immunity. The presence of chronic 
stress is linked to reduced proliferation of lymphocytes 
and impaired production of antibodies, resulting in a 
compromised ability of the body to mount an effective 
immune response (Arruga et al., 2020). 

Moreover, research indicated that enduring stress 
hampers the efficacy of natural killer (NK) cells. NK cells 
constitute a fundamental component of the innate immune 
system and assume a pivotal role in identifying and 
eradicating cancerous and virus-infected cells. In the 
presence of chronic stress, NK cell activity is curtailed, 
culminating in decreased cytotoxicity and compromised 
surveillance against neoplasms. Consequently, this 
heightened vulnerability to viral infections and 
compromised tumor defense mechanisms can contribute 
to the advancement and progression of specific cancer 
types (Fig. 1) (Liu et al., 2022; Mishra et al., 2014; Raulet & 
Guerra, 2009). 

Macrophages, being a critical constituent of the 
immune system, are susceptible to the influence of chronic 
stress. These specialized cells perform the crucial task of 
engulfing and eliminating pathogens or cellular debris 
through a process called phagocytosis. Chronic stress has 
been empirically shown to compromise the functionality 
of macrophages, thereby diminishing their efficacy in 
clearing invading pathogens and maintaining tissue 
homeostasis effectively (Bajgar & Krejčová, 2023; 
Hirayama et al., 2017). 

In addition to modulating immune cell functionality, 
chronic stress possesses the capacity to disturb the 
production and signaling of cytokines, which are pivotal 
chemical messengers involved in immune responses. 
Cytokines can be categorized into two overarching groups: 
pro-inflammatory and anti-inflammatory cytokines. Pro-
inflammatory cytokines, including interleukin-6 (IL-6) and 
tumor necrosis factor-α (TNF-α), play a significant role in 
promoting inflammation and initiating immune 
responses. Conversely, anti-inflammatory cytokines such 
as interleukin-10 (IL-10) and transforming growth factor-
beta (TGF-beta) serve to attenuate inflammation and foster 
tissue repair (Al-Karawi et al., 2023; Kany et al., 2019; Li et 
al. , 2017; Zhang & An, 2007). 

Chronic stress has been linked to an imbalance in the 
production of cytokines, tipping the scale towards an 

excess of pro-inflammatory cytokines relative to anti-
inflammatory cytokines. This shift towards a pro-
inflammatory state is implicated in the development of 
chronic low-grade inflammation, a condition believed to 
contribute to the pathogenesis of diverse diseases, 
encompassing cardiovascular disease, autoimmune 
disorders, and mental health conditions (Golovatscka et 
al., 2012; Tian et al., 2014). 

Moreover, it has been empirically substantiated that 
stress hormones, particularly cortisol, significantly 
influence cytokine signaling pathways. The inherent 
capacity of cortisol to both modulate the expression and 
activity of cytokine receptors on immune cells has been 
observed to directly affect their receptivity to cytokine 
signals. Consequently, this alteration potentially induces 
changes in cytokine synthesis, fostering a climate 
conducive to the imbalance of immune reactions (Aquino-
Acevedo et al., 2022). 

The ramifications of stress on the immunological 
system are far-reaching, transcending the confines of 
cellular and molecular constituents to impinge on a 
multitude of physiological mechanisms. Persistent stress, 
as an example, has been linked to the impairment of 
intestinal barrier wholeness, culminating in increased 
permeability. This occurrence, often denoted as 'intestinal 
hyperpermeability', facilitates the migration of bacteria 
along with other harmful entities into the circulatory 
system, thereby inciting immune reactions and instigating 
systemic inflammation (Doney et al., 2022; Segerstrom & 
Miller, 2004). 

Furthermore, protracted stress has the potential to 
upset the intricate balance of the gut microbiota, a 
multifaceted microbial consortium that plays an 
instrumental role in immunological regulation and 
comprehensive wellbeing. Disturbances in the 
composition of the gut microbiota, precipitated by stress, 
have been associated with alterations in immune cell 
demographics and an escalated susceptibility to infections 
and inflammatory states (Madison & Kiecolt-Glaser, 2019). 

2.1. Mechanisms of stress-induced immune suppression 

Cortisol, serving as the chief agent in stress-induced 
immunosuppression, is a stress hormone produced by the 
adrenal glands. This hormone is integral in orchestrating 
numerous aspects of immune cell activity. The 
manifestation of elevated cortisol levels may precipitate a 
decrease in the proliferation and operation of immune 
cells, which include lymphocytes, natural killer (NK) cells, 
and macrophages (Morey et al., 2015). 

Cortisol imparts its effect on immune cells via 
engagement with specialized glucocorticoid receptors 
(GRs) situated on the cellular surface. Following binding, 
cortisol establishes complexes with GRs that subsequently 
relocate to the nucleus where they regulate the expression 
of genes integral to immune cell function. Such a process 
results in substantial modifications to the operation of 
immune cells (Meijer et al., 2019). 

Cortisol inhibits immune cell activity through several 
mechanisms, one of which involves obstructing the 
development and maturation of lymphocytes. These 
particular cells are crucial in adaptive immunity due to 
their role in producing antibodies and organizing immune 
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responses targeted at distinct antigens. Persistent stress 
has been connected to reduced lymphocyte proliferation, 
deficient antibody synthesis, and irregular activation of T-
cells. Such impacts could potentially undermine the 
capacity of the immune system to generate a proficient 
immune response (Arora & Bhattacharjee, 2008). 

Furthermore, natural killer (NK) cells, a vital part of 
the innate immune system that plays a crucial role in 
identifying and removing cancerous cells and virus-
infected cells, are also suppressed by cortisol. Chronic 
stress has been demonstrated to diminish NK cell activity, 
resulting in reduced cytotoxicity and impaired 
surveillance against tumor development (Mavoungou et 
al., 2005). 

Moreover, cortisol has the capacity to influence the 
functionality of macrophages, cellular components 
responsible for the phagocytosis and clearance of 
pathogens as well as cellular debris. Chronic stress has 
been empirically shown to impair the function of 
macrophages, consequently diminishing their capability 
to effectively eliminate invading pathogens and sustain 
tissue homeostasis (Diaz-Jimenez et al., 2021). 

Besides cortisol, there are additional stress-related 
factors that contribute to immune suppression. 
Catecholamines, including adrenaline and noradrenaline, 
are released in response to stress and possess the ability to 
modulate immune cell activity. These neurotransmitters 
can exert their influence either directly on immune cells or 
indirectly through interactions with other constituents of 
the immune system (Liu et al., 2017). 

Catecholamines possess the ability to hinder the 
production and functionality of immune cells, such as 
lymphocytes and NK cells, through their binding to 
adrenergic receptors located on the cell surface. This 
interaction elicits modifications in intracellular signaling 
pathways, resulting in alterations in immune cell activity. 
Moreover, catecholamines can influence the production 
and signaling of cytokines, thereby further contributing to 
immune suppression induced by stress (Flierl et al., 2008). 

An additional method through which stress 
precipitates immunosuppression is by destabilizing the 
equilibrium between pro-inflammatory and anti-
inflammatory mechanisms within the organism. Persistent 
stress has been correlated with an augmented synthesis of 
pro-inflammatory cytokines, notably interleukin-6 (IL-6) 
and tumor necrosis factor-α (TNF-α). The presence of these 
cytokines fosters inflammation and augments immune 
system activity (Hassamal, 2023). 

Enduring exposure to the elevated concentrations of 
pro-inflammatory cytokines can detrimentally impact the 
functionality of immune cells and, ultimately, 
comprehensive health. This scenario may instigate a state 
of persistent, low-grade inflammation, a condition 
postulated to play a contributory role in the genesis of a 
myriad of ailments, encompassing cardiovascular disease, 
autoimmune disorders, and psychiatric health conditions 
(Zhang & An, 2007). 

Furthermore, perpetual inflammation has the 
capacity to further inhibit immune cell functionality via 
negative feedback systems. This process can stimulate an 
enhanced production of anti-inflammatory cytokines, 

including interleukin-10 (IL-10) and transforming growth 
factor-β (TGF-β, which subsequently attenuate immune 
responses. Although this anti-inflammatory response 
serves as a pivotal regulatory mechanism, chronic 
exposure to excessive levels of anti-inflammatory 
cytokines potentially contributes to the immune 
dysregulation and a weakened defense against infections 
(Iyer & Cheng, 2012). 

Finally, the suppression of the immune system 
induced by stress involves a multifaceted interaction of 
numerous mechanisms. Cortisol, catecholamines, and pro-
inflammatory cytokines serve as key agents in modulating 
the activity and function of immune cells. These elements 
hinder lymphocyte proliferation, compromise NK cell 
cytotoxicity, and disrupt macrophage functionality. 
Moreover, enduring stress can disturb the equilibrium 
between pro-inflammatory and anti-inflammatory 
mechanisms within the body, culminating in persistent, 
low-grade inflammation and immune dysregulation. 
Comprehending these mechanisms is indispensable for 
the creation of strategies that alleviate stress-induced 
immune suppression and foster optimal immune 
functionality (Liu et al., 2022). 

3. Stress and Inflammation: The Interplay 

Inflammation embodies a natural immunological 
response, designed to shield the body from deleterious 
stimuli, encompassing pathogens or tissue damage. 
Nonetheless, an enduring or excessive occurrence of 
inflammation can potentially jeopardize health and is 
strongly correlated with the manifestation of diverse 
diseases. It has been established that stress wields an 
impact on the inflammatory process where a complex 
reciprocal relationship exists between these two factors. In 
this segment, we aim to probe deeper into the nuanced 
association between stress and inflammation as well as the 
fundamental mechanisms orchestrating their interaction 
(Bennett et al., 2018; Chen et al., 2018). 

Persistent or extended stress has been correlated with 
elevated levels of inflammation within the organism. 
Stress has the capacity to stimulate the hypothalamic-
pituitary-adrenal (HPA) axis, subsequently inciting the 
secretion of stress hormones, particularly cortisol. These 
stress hormones possess the ability to modulate the 
activity of immune cells and cytokine production, thus 
inducing modifications in inflammatory processes 
(Herman et al., 2016; Stephens & Wand, 2012). 

Furthermore, stress hormones, specifically cortisol, 
can exert a direct influence on immune cells and their 
synthesis of pro-inflammatory cytokines. Cortisol attaches 
to glucocorticoid receptors located on immune cells, 
thereby affecting gene expression and instigating 
alterations in cytokine production. Remarkably, cortisol 
has been observed to enhance the production of certain 
pro-inflammatory cytokines while simultaneously 
inhibiting the synthesis of anti-inflammatory cytokines, 
thereby fostering inflammation (Fig. 2) (Shimba et al., 
2021).  

Beyond promoting the synthesis of pro-
inflammatory cytokines, stress can additionally modify 
the sensitivity of immune cells to these signaling 
molecules. It is demonstrated that chronic stress can 
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enhance the expression of cytokine receptors on immune 
cells, making them more receptive to pro-inflammatory 
signals. This amplified sensitivity can further intensify the 

inflammatory response, thereby contributing to chronic 
inflammation (Tian et al., 2014). 

 

Figure 2. Chronic inflammation as a result of chronic stress. During chronic stress, catecholamine release, induces the recruitment of 

monocytes from bone marrow and spleen to the brain. Monocyte trafficking is induced via up-regulated macrophage migration inhibitory 
factor (MIF) and C–C ligand 2—(CCL2)/C–C chemokine receptor 2 (CCR2) pathway (Vignjević Petrinović et al., 2023). 

While an anti-inflammatory response is integral in 
averting excessive inflammation, continuous exposure to 
elevated concentrations of anti-inflammatory cytokines 
can yield undesirable outcomes. This may result in 
immune suppression and a weakened defense against 
infections. The imbalance between pro-inflammatory and 
anti-inflammatory processes, triggered by chronic stress, 
can lead to immune dysfunction and heightened 
susceptibility to diseases (Bennett et al., 2018). 

The interaction between stress and inflammation 
surpasses the realm of immune cells and cytokines. Stress 
can also impact other constituents of the inflammatory 
response, including endothelial cells, which encompass 
the lining of blood vessels. Stress has the capacity to incite 
the activation and dysfunction of these cells, culminating 
in enhanced vascular permeability and the attraction of 
immune cells to inflammation sites (Theofilis et al., 2021; 
Zhang, 2008). 

Moreover, inflammation induced by stress can 
influence other physiological systems beyond the scope of 
the immune system. For example, chronic low-grade 
inflammation is linked with modifications in 
neurotransmitter functionality, including diminished 
serotonin levels, a neurotransmitter involved in mood 
regulation. This may provide insights into the connection 
between inflammation instigated by stress and mental 
health disorders such as depression and anxiety (Liu et al., 
2017; Miller & Raison, 2016). 

4. Chronic Stress and Immune Dysfunction 

A pivotal mechanism in which chronic stress affects the 

immune system is by destabilizing the equilibrium 
between pro-inflammatory and anti-inflammatory 
processes. The association of chronic stress with an 
augmented production of pro-inflammatory cytokines, 
namely interleukin-6 (IL-6) and tumor necrosis factor-α 
(TNF-α), has been established. These cytokines instigate 
inflammation and stimulate immune activation 
(Hassamal, 2023; Liu et al., 2017). 

Extended exposure to the elevated concentrations of 
pro-inflammatory cytokines can detrimentally affect the 
functionality of immune cells. This can precipitate 
immune cell exhaustion and debilitate their capacity to 
effectively respond to pathogens or abnormal cells. 
Consequently, this may yield compromised immune 
surveillance and heightened susceptibility to infections 
(Fajgenbaum & June, 2020). 

Furthermore, chronic stress has the potential to 
disrupt the balance and functionality of regulatory 
immune cells such as regulatory T cells (Tregs). Tregs play 
a pivotal role in preserving immune homeostasis by 
inhibiting excessive immune responses. Chronic stress is 
demonstrated to diminish Treg numbers and compromise 
their suppressive function, resulting in dysregulated 
immune responses and heightened inflammation 
(Kondĕlková et al., 2010; Rocamora-Reverte et al., 2020). 

An additional facet of the immune dysfunction 
induced by chronic stress is connected to the influence 
exerted on the gut-brain axis. Chronic stress has the 
potential to impair the integrity of the gut barrier, resulting 
in augmented permeability. This condition facilitates the 
leakage of bacteria and other injurious substances into the 
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bloodstream, instigating immune responses and systemic 
inflammation. Dysbiosis, defined as an imbalance in the 
composition of gut microbiota, is also correlated with 
chronic stress and can further contribute to immune 
dysfunction (Doney et al., 2022; Tang et al., 2020). 

The repercussions of immune dysfunction instigated 
by chronic stress surpass the realm of heightened 
susceptibility to infections. It has been correlated with an 
elevated risk of manifesting chronic inflammatory 
diseases, autoimmune disorders, allergies, and mental 
health conditions such as depression and anxiety. The 
dysregulation of the immune system, brought about by 
chronic stress, can also impede wound healing and 
prolong recovery from injuries or surgical procedures  
(Marshall, 2011; Salleh, 2008). 

Comprehending the intricate association between 
chronic stress and immune dysfunction is imperative for 
the formulation of strategies aimed at alleviating the 
adverse impacts of chronic stress on health. Stress 
management techniques, encompassing mindfulness-
based stress reduction, meditation, physical exercise, and 
social support, have demonstrated potential in enhancing 
immune functionality and diminishing the harmful effects 
of chronic stress on the immune system. 

5. Stress, Immune Function, and Disease Susceptibility 

One repercussion of immune suppression induced by 
stress is heightened susceptibility to infections. Chronic 
stress has been demonstrated to debilitate the immune 
response against viral, bacterial, and fungal pathogens. 
This can trigger an elevated risk of manifesting respiratory 
infections, such as the common cold or influenza, in 
addition to other types of infections across the body 
(Marshall, 2011; Kahya & Mahmood, 2022). 

Furthermore, chronic stress has the potential to 
influence the immune system's capacity to regulate and 
eradicate cancer cells. Immune dysfunction induced by 
stress can compromise the surveillance and cytotoxicity of 
immune cells, notably natural killer (NK) cells and 
cytotoxic T cells, which serve pivotal roles in identifying 
and eliminating abnormal cells. This can contribute to a 
heightened risk of cancer development and progression 
(Seiler et al., 2020; Zhang et al., 2020). 

Additionally, chronic stress has been associated with 
an increased susceptibility to autoimmune disorders. Such 
disorders arise when the immune system erroneously 
targets healthy cells and tissues. The dysregulation of 
immune responses, induced by stress, can disrupt the 
balance between self-tolerance and autoimmunity, 
potentially instigating or intensifying autoimmune 
conditions (Stojanovich & Marisavljevich, 2008). 

Beyond infectious diseases and autoimmune 
disorders, chronic stress has been linked with an elevated 
risk of chronic inflammatory diseases. Chronic low-grade 
inflammation, frequently observed in individuals 
undergoing chronic stress, is implicated in the 
pathogenesis of conditions such as cardiovascular disease, 
diabetes, rheumatoid arthritis, and inflammatory bowel 
disease (Liu et al., 2017). 

Inflammation induced by stress can contribute to the 
development and progression of these diseases by 

fostering endothelial dysfunction, plaque formation in 
arteries, insulin resistance, joint inflammation, and 
gastrointestinal inflammation. Over time, chronic 
inflammation can lead to tissue damage and organ 
dysfunction (Liu et al., 2017; Theofilis et al., 2021). 

Mental health conditions represent another domain 
where stress can impinge on immune function and disease 
susceptibility. Chronic stress has been linked to an 
elevated risk of manifesting mood disorders such as 
depression and anxiety. These conditions are associated 
with alterations in immune function, including 
dysregulated cytokine production and heightened 
inflammation (Salleh, 2008; Schneiderman et al., 2005). 

The reciprocal relationship between stress and 
mental health is multifaceted. Stress can contribute to the 
manifestation of mental health disorders via its impact on 
neurotransmitter systems, neural circuits involved in 
mood regulation, and structural changes within the brain. 
Conversely, mental health disorders themselves can exert 
influence on immune function and heighten susceptibility 
to certain diseases (Mariotti, 2015). 

5.1. Stress with cancer 

Stress can exert a substantial influence on individuals 
diagnosed with cancer, encompassing both physical and 
emotional aspects. The following are some pivotal points 
elucidating the association between stress and cancer: 

5.1.1. Psychological impact 

The diagnosis of cancer can precipitate considerable 
psychological distress, encompassing feelings of fear, 
anxiety, depression, and uncertainty. The emotional 
weight imposed by cancer can result in heightened stress 
levels, influencing an individual's comprehensive well-
being and quality of life (Wang & Feng, 2022). 

5.1.2. Physiological response 

Stress elicits the secretion of stress hormones, such as 
cortisol, which can exert detrimental effects on the body. 
Prolonged or chronic stress has the potential to disrupt 
immune system functioning, impede the process of wound 
healing, and contribute to inflammation. These factors 
collectively may exert a negative influence on the 
advancement and management of cancer (Segerstrom & 
Miller, 2004). 

5.1.3. Treatment-related stress 

Cancer treatments, including chemotherapy, radiation 
therapy, and surgery, can induce physical discomfort and 
give rise to side effects that contribute to stress. 
Additionally, the apprehension regarding treatment 
outcomes, potential side effects, and the unpredictable 
nature of the future can further augment the overall stress 
endured by individuals undergoing cancer treatment 
(Chandwani et al., 2012; Seol et al., 2021). 

5.1.4. Coping mechanisms 

Individuals facing cancer diagnosis necessitate the 
cultivation of efficacious coping mechanisms to effectively 
manage stress. This process may entail seeking support 
from loved ones, participating in support groups, 
employing relaxation techniques such as meditation or 
deep breathing exercises, adhering to a healthy lifestyle 
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encompassing regular exercise and a balanced diet as well 
as seeking professional assistance from therapists or 
counselors. 

5.1.5. Impact on treatment outcomes 

While stress itself does not directly induce the onset of 
cancer, chronic stress and its physiological ramifications 
may impede the body's ability to respond optimally to 
cancer treatment. Some research studies postulate that 
elevated levels of stress may be linked to less favorable 
treatment outcomes and an increased likelihood of cancer 
recurrence. However, further investigation is required to 
comprehensively comprehend the intricate relationship 
between stress and the progression of cancer (Moreno-
Smith et al., 2010). 

6. Stress Management Techniques to Improve Immune 
Function 

Efficient management of stress is of paramount 
importance for preserving optimal immune function and 
overall well-being. Chronic or prolonged stress has the 
potential to impair the immune system, rendering 
individuals more vulnerable to infections and diseases. In 
the forthcoming section, we delve into an array of stress 
management techniques that can aid in enhancing 
immune function. 

6.1. Mindfulness-based stress reduction (MBSR) 

MBSR is a technique that encompasses the practice of 
mindfulness meditation and the integration of 
mindfulness into one's daily life. This approach 
emphasizes the cultivation of non-judgmental awareness 
of the present moment. Scientific investigations have 
demonstrated that MBSR holds the potential to diminish 
stress, ameliorate mood, and augment immune function 
(Keng et al., 2011). 

6.2. Meditation and deep breathing 

Consistent engagement in meditation and deep breathing 
exercises can facilitate relaxation and alleviate stress. Deep 
breathing techniques, including diaphragmatic or box 
breathing, serve to activate the body's relaxation response, 
thereby counteracting the physiological repercussions of 
stress (Ma et al., 2017). 

6.3. Regular exercise 

Physical activity has been extensively demonstrated to 
yield myriad advantages for both mental and physical 
well-being, encompassing stress reduction, and 
amelioration of immune function. Consistent participation 
in exercise, regardless of whether it entails aerobic 
activities, strength training, or yoga, has the potential to 
diminish stress levels and bolster immune cell activity (da 
Silveira et al., 2021). 

6.4. Adequate sleep 

Attaining adequate and high-quality sleep is imperative 
for the preservation of a robust immune system. Chronic 
inadequacy of sleep or suboptimal sleep quality has the 
potential to heighten stress levels and compromise the 
functionality of immune cells. Establishing a consistent 
sleep routine and cultivating an environment conducive to 
sleep can play a contributory role in fostering improved 
sleep patterns and enhanced immune function 

(Besedovsky et al., 2019). 

6.5. Healthy diet 

A well-balanced diet incorporating ample quantities of 
fruits, vegetables, whole grains, lean proteins, and healthy 
fats furnishes the essential nutrients indispensable for 
optimal immune function. Chronic stress may engender 
unhealthy eating habits; hence, prioritizing the 
consumption of nutrient-dense foods can serve as a means 
to bolster immune health (Cena & Calder, 2020). 

6.6. Social support 

Sustaining robust social connections and actively seeking 
support from friends, family, or support groups can 
facilitate the amelioration of stress. Engaging in open 
dialogue with others regarding concerns or engaging in 
social activities can furnish emotional support, diminish 
feelings of isolation, and augment comprehensive well-
being (Ozbay et al., 2007). 

6.7. Time management and prioritization 

The sensation of being encumbered with manifold tasks 
and obligations can act as a potential contributor to stress. 
The development of proficient time management 
competencies, in conjunction with the capacity to identify 
and rank tasks, can function as potent strategies for 
alleviating stress levels and nurturing a perception of 
control over one's quotidian existence. 

6.8. Relaxation techniques 

Engagement in relaxation practices, including progressive 
muscle relaxation, guided imagery, or aromatherapy, can 
promote a state of relaxation and decrease stress levels. 
These methodologies play a crucial role in triggering the 
body's relaxation response, consequently dampening the 
physiological impacts of stress (Toussaint et al., 2021). 

6.9. Hobbies and leisure activities 

Involvement in endeavors that induce pleasure and 
relaxation can aid in the mitigation of stress and the 
augmentation of overall well-being. Undertaking hobbies, 
such as painting, horticulture, playing a musical 
instrument, or engaging in sports, can cultivate a sense of 
gratification and serve as a beneficial conduit for stress 
management. 

6.10. Cognitive-behavioral therapy (CBT) 

Cognitive-Behavioral Therapy (CBT) is a therapeutic 
approach primarily focused on recognizing and altering 
adverse cognitive patterns and behaviors that augment 
stress levels. This approach facilitates the development of 
adaptive coping strategies and fosters resilience in 
navigating stressors (Nakao et al., 2021). 

It is noteworthy to acknowledge that individuals 
exhibit varying responses to stress management 
techniques, necessitating an exploratory approach to 
identify the most effective strategies for each person. The 
amalgamation of multiple techniques or seeking guidance 
from healthcare professionals or therapists can yield 
advantageous outcomes. By integrating these stress 
management techniques into daily routines, individuals 
have the potential to diminish stress levels, ameliorate 
immune function, and elevate comprehensive well-being. 
Emphasizing self-care and adopting proactive measures to 
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manage stress constitute fundamental elements in 
upholding a robust immune system. 

7. Conclusion and Future Directions 

In summary, the connection between stress and immune 
function is intricate and multifaceted. Chronic or 
prolonged stress has the potential to impair the immune 
system, resulting in immune dysfunction, heightened 
vulnerability to infections, and an elevated risk of 
developing diverse diseases. Stress can exert an influence 
on immune cell activity, cytokine production, and 
inflammation as well as the delicate equilibrium between 
pro-inflammatory and anti-inflammatory processes. 

Comprehending the intricate dynamic between 
stress and immune function holds paramount significance 
in fostering comprehensive health and well-being. 
Through the implementation of efficacious stress 
management techniques, individuals have the capacity to 
ameliorate the adverse impacts of stress on immune 
function. Approaches such as mindfulness-based stress 
reduction, meditation, regular exercise, sufficient sleep, a 
nutritious diet, social support, relaxation techniques, 
effective time management, engaging in hobbies, and 
cognitive-behavioral therapy all represent valuable 
strategies for stress management and enhancement of 
immune function. 

Future research directions in this domain encompass 
delving further into the underlying mechanisms through 
which stress impacts immune function and susceptibility 
to disease. Gaining a comprehensive comprehension of the 
specific molecular pathways and signaling cascades 
implicated in stress-induced immune dysregulation holds 
promise in identifying potential targets for therapeutic 
intervention. 

Moreover, it is imperative to investigate the enduring 
consequences of chronic stress on immune function and 
disease outcomes. Longitudinal studies offer valuable 
insights into the long-term impact of chronic stress on 
immune health and its role in the development of chronic 
diseases. 

Additionally, elucidating the significance of 
individual differences in stress responses and resilience to 
stress-related immune dysfunction represents an area of 
interest. Certain individuals may exhibit greater resilience 
to the deleterious effects of stress on immune function due 
to genetic or psychosocial factors. Identifying these factors 
can aid in devising personalized approaches for stress 
management and immune support. 

In summary, effective stress management plays a 
pivotal role in maintaining optimal immune function and 
reducing the risk of diseases associated with immune 
dysfunction. By implementing stress management 
techniques and adopting a healthy lifestyle, individuals 
can provide support to their immune system and foster 
comprehensive well-being. Continued research endeavors 
in this field will further enhance our understanding of the 
intricate relationship between stress and immune function, 
paving the way for innovative interventions and 
personalized approaches to enhance immune health. 
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