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INTRODUCTION
Cytokines are low-molecular-weight proteins that mediate and 
regulate immunity, inflammation, and hematopoiesis. They are 
produced primarily by immune cells but can also be secreted by other 
cells such as endothelial cells, fibroblasts, and various tissue-resident 

[1] cells in response to stimuli like infection, injury, or stress. In the 
context of stress, cytokines play a pivotal role in orchestrating the 
body's adaptive responses, affecting both local immune reactions and 
systemic physiological processes. Stress, particularly chronic forms 
such as job stress, leads to dysregulation in cytokine production, 
contributing to prolonged immune activation and inflammation, which 
can exacerbate physical and psychological conditions.

Cytokine Categories And Stress Response
Cytokines can be classified into pro-inflammatory and anti-
inflammatory categories based on their roles in immune regulation. 
Pro-inflammatory cytokines such as interleukin-6 (IL-6), interleukin-1 
(IL-1), and tumour necrosis factor-alpha (TNF-α) promote 
inflammation, while anti-inflammatory cytokines like interleukin-10 
(IL-10) help in resolving inflammation. Chronic stress has been 
associated with increased production of pro-inflammatory cytokines, 

[2]contributing to a state of persistent inflammation. 

 Key Cytokines In The Stress Response:
1. Interleukin-6(IL-6):
Interleukin-6 (IL-6) is a pleiotropic cytokine with a central role in 
immune regulation, inflammation, and tissue homeostasis. It is 
primarily produced by immune cells such as T-cells, macrophages, and 
dendritic cells but can also be secreted by endothelial cells, fibroblasts, 
and adipocytes in response to various stimuli, including infection, 

[3]trauma, and psychological stress.  IL-6 functions as a key mediator in 
the acute-phase response, a rapid immune reaction to injury or 
infection, by stimulating the liver to produce acute-phase proteins such 
as C-reactive protein (CRP) and fibrinogen.

In the context of stress, IL-6 levels can rise significantly, contributing 
to a pro-inflammatory state. Chronic stress, particularly in high-
demand professions like healthcare, has been linked to persistent IL-6 

[4 ]  elevation. Studies indicate that healthcare professionals 
experiencing burnout and prolonged job-related stress exhibit 
increased circulating IL-6 levels, which may predispose them to 

[5]inflammatory-related health conditions.  Elevated IL-6 not only 
exacerbates systemic inflammation but also plays a role in stress-
related disorders, including cardiovascular disease, depression, and 
metabolic dysfunction.

Furthermore, IL-6 is implicated in the pathogenesis of autoimmune 
diseases such as rheumatoid arthritis, systemic lupus erythematosus, 

and multiple sclerosis, where it contributes to immune dysregulation 
and chronic inflammation. Persistent IL-6 elevation disrupts 
homeostatic mechanisms, leading to immune overactivation and 
increased susceptibility to chronic inflammatory conditions. 
Understanding the mechanisms by which stress influences IL-6 
production offers valuable insights into developing interventions 
aimed at mitigating stress-induced inflammation and its associated 

[6]health risks. 

2. Tumor Necrosis Factor-alpha (TNF-α):
Tumor Necrosis Factor-alpha (TNF-α) is a key pro-inflammatory 
cytokine that plays a pivotal role in immune system activation, 
inflammation, and cellular signaling. It is primarily produced by 
macrophages, monocytes, and T-cells in response to infection, injury, 
or stress. TNF-α exerts its effects through two primary 
receptors—TNF receptor 1 (TNFR1) and TNF receptor 2 
(TNFR2)—which mediate inflammation, immune cell recruitment, 
and apoptosis.

Under conditions of psychological or physiological stress, TNF-α 
levels can rise significantly, contributing to systemic inflammation. 
One of its primary functions is to induce fever by acting on the 
hypothalamus, thereby enhancing the body's immune response. 
Additionally, TNF-α promotes the synthesis and release of other 
inflammatory cytokines, such as interleukin-1 (IL-1) and interleukin-6 
(IL-6), amplifying the inflammatory cascade. TNF-α also plays a 
crucial role in activating the hypothalamic-pituitary-adrenal (HPA) 
axis, a key neuroendocrine system responsible for regulating the 

[7] body's response to stress. Prolonged HPA axis activation can lead to 
dysregulated cortisol production, further exacerbating immune system 
imbalances and chronic inflammation.

Chronic elevation of TNF-α due to prolonged stress has been 
implicated in several metabolic and cardiovascular disorders. 
Persistent TNF-α overexpression is associated with insulin resistance, 
contributing to the development of type 2 diabetes. It also plays a role 
in atherosclerosis by promoting endothelial dysfunction and vascular 
inflammation, increasing the risk of cardiovascular diseases.

Beyond its physiological effects, TNF-α has a significant impact on 
mental health. Elevated levels of this cytokine have been linked to 
neuroinflammation, which contributes to the pathophysiology of 
mood disorders such as anxiety and depression. Increased TNF-α has 
been observed in patients with major depressive disorder (MDD) and 
is thought to interfere with neurotransmitter systems, particularly 

[7] serotonin and dopamine pathways, leading to mood dysregulation.
Additionally, TNF-α has been associated with neurodegenerative 
diseases such as Alzheimer's and Parkinson's, where chronic 
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ABSTRACT
Cytokines serve as critical regulators of the immune system, mediating the body's response to various physiological and psychological stressors. 
Chronic stress, particularly occupational stress experienced by healthcare professionals, has been shown to alter immune function through 
dysregulated cytokine production. This review explores the intricate mechanisms linking stress to immune modulation, with a focus on key 
cytokines such as interleukins (IL-6, IL-1), tumor necrosis factor (TNF), and interferons (IFN). These signaling molecules not only orchestrate 
immune responses but also contribute to systemic inflammation, which plays a pivotal role in the pathogenesis of numerous stress-related 
conditions, including cardiovascular diseases, depression, and autoimmune disorders. Prolonged exposure to stress triggers the persistent release 
of pro-inflammatory cytokines, disrupting immune homeostasis and exacerbating inflammatory processes. Conversely, anti-inflammatory 
cytokines attempt to counterbalance this response, albeit insufficiently under chronic stress conditions. The bidirectional relationship between 
psychological stress and cytokine activity underscores the importance of understanding these pathways to develop targeted therapeutic strategies. 
Potential interventions may include pharmacological modulation of cytokine activity, lifestyle modifications, and stress management techniques 
aimed at mitigating inflammation. By elucidating the complex interplay between stress and immune function, this review highlights the need for 
further research to identify biomarkers of stress-induced inflammation and explore novel approaches for improving health outcomes in high-stress 
populations. Recognizing cytokines as mediators of the stress response not only enhances our understanding of immune dysregulation but also 
offers promising avenues for therapeutic intervention in stress-related disorders.
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inflammation exacerbates neuronal damage and cognitive decline.

Understanding the role of TNF-α in stress-related inflammation 
provides crucial insights into the interplay between psychological 
stress and physical health. Targeting TNF-α through pharmacological 
interventions, lifestyle modifications, and stress management 
strategies may offer potential therapeutic avenues for mitigating the 
adverse effects of chronic stress and inflammation.

3. Interferon-gamma(IFN-γ):
Interferon-gamma (IFN-γ) is a vital cytokine in the regulation of 
immune responses, particularly in antiviral defense, tumor 
surveillance, and immune system modulation. It is primarily produced 
by natural killer (NK) cells, CD4+ T-helper 1 (Th1) cells, and CD8+ 
cytotoxic T-cells in response to infections, tumors, and immune 
activation signals. IFN-γ exerts its effects by binding to its receptor 
(IFNGR), triggering intracellular signaling pathways that enhance 
antigen presentation, activate macrophages, and promote the 

[7], [8]destruction of infected or malignant cells.  Additionally, IFN-γ 
upregulates major histocompatibility complex (MHC) class I and II 
molecules, enhancing the adaptive immune response by improving the 
recognition of pathogens and cancerous cells.

In the context of psychological and physiological stress, IFN-γ levels 
can fluctuate depending on the nature, duration, and intensity of the 
stressor. Acute stress, such as short-term challenges or exercise-
induced stress, can lead to a temporary surge in IFN-γ production. This 
transient elevation enhances immune surveillance, increasing the 

[9] body's ability to detect and eliminate viral infections and cancer cells.
This adaptive response is believed to be part of the body's natural 
mechanism to heighten immune readiness during fight-or-flight 
situations.

However, chronic stress has the opposite effect, leading to a 
suppression of IFN-γ activity. Prolonged exposure to stress hormones, 
such as cortisol, inhibits Th1 cell function and shifts the immune 
response towards a Th2-dominant profile, which is less effective at 
combating intracellular pathogens and tumors. This suppression of 
IFN-γ weakens immune defense mechanisms, making individuals 
more susceptible to viral infections, such as herpes simplex virus 
(HSV), Epstein-Barr virus (EBV), and influenza. Additionally, a 
decline in IFN-γ levels has been associated with increased immune 
escape in cancer, where tumors evade immune detection and progress 
unchecked. By downregulating antigen presentation and reducing the 
cytotoxic activity of NK cells and T-cells, chronic stress contributes to 

[10]tumor growth and metastasis.

Beyond infections and cancer, IFN-γ dysregulation due to stress has 
implications for autoimmune diseases and neuroinflammation. While 
IFN-γ plays a protective role in some contexts, its excessive 
production under certain conditions can contribute to autoimmune 
disorders such as multiple sclerosis (MS) and rheumatoid arthritis 

[11](RA), where immune cells attack the body's own tissues.  
Conversely, in stress-related immunosuppression, reduced IFN-γ 
levels may impair central nervous system (CNS) immune responses, 
increasing susceptibility to neurodegenerative diseases.

Understanding the dual role of IFN-γ in stress responses highlights the 
complex relationship between psychological stress and immune 
function. Strategies aimed at balancing IFN-γ activity, such as stress 
reduction techniques, pharmacological modulation, and lifestyle 
interventions, may help mitigate stress-induced immune suppression 
and enhance the body's ability to fight infections and cancer.

4. Interleukin-1(IL-1):
Interleukin-1 (IL-1) is a potent pro-inflammatory cytokine that plays a 
crucial role in mediating immune responses and linking the nervous, 
endocrine, and immune systems. It exists in two main biologically 
active forms—IL-1α and IL-1β—both of which exert strong 
inflammatory effects. IL-1 is primarily produced by macrophages, 
monocytes, and dendritic cells in response to infection, injury, or 
psychological stress. This cytokine acts as a key mediator of the acute 
inflammatory response, driving fever, leukocyte activation, and the 
production of other inflammatory mediators such as IL-6 and tumor 
necrosis factor-alpha (TNF-α).

One of the central roles of IL-1 in the stress response is its activation of 
the hypothalamic-pituitary-adrenal (HPA) axis, a neuroendocrine 

system that regulates the body's adaptation to stress. IL-1 stimulates 
the hypothalamus to release corticotropin-releasing hormone (CRH), 
which  in  tu rn  p rompts  the  p i tu i ta ry  g land  to  secre te 

[12]adrenocorticotropic hormone (ACTH).  ACTH then signals the 
adrenal glands to release cortisol, a glucocorticoid hormone that 
modulates immune function by exerting anti-inflammatory effects. 
While cortisol helps regulate inflammation in acute stress situations, 
chronic stress leads to dysregulated IL-1 activity, resulting in 
persistent inflammation and immune system imbalance.

5. Interleukin-10(IL-10):
Interleukin-10 (IL-10) is a crucial anti-inflammatory cytokine that plays 
a central role in immune regulation by suppressing excessive 
inflammatory responses. It is primarily produced by regulatory T-cells 
(Tregs), monocytes, macrophages, and dendritic cells, though other 
immune cells such as B-cells and certain subsets of T-helper (Th) cells 
also contribute to its production. IL-10 exerts its effects by inhibiting the 
synthesis of pro-inflammatory cytokines, including tumor necrosis 
factor-alpha (TNF-α), interleukin-6 (IL-6), and interleukin-1 (IL-1), 
thereby preventing excessive inflammation and maintaining immune 

[13],[14] homeostasis. Under acute stress conditions, IL-10 production can be 
temporarily increased as part of a protective mechanism to 
counterbalance the pro-inflammatory effects of stress-induced 
cytokines. This adaptive response helps to prevent excessive immune 
activation and tissue damage, ensuring a controlled inflammatory 

[33] response to physiological or psychological stressors. However, chronic 
stress disrupts this delicate balance, leading to dysregulation of IL-10 
activity. Prolonged exposure to stress hormones such as cortisol can 
suppress IL-10 production, resulting in unchecked inflammation and an 
overactive immune response. This imbalance between pro-inflammatory 
and anti-inflammatory cytokines contributes to the pathogenesis of 
several stress-related health conditions.

Stress And Cytokine Imbalance
The balance between pro-inflammatory and anti-inflammatory 
cytokines is crucial for maintaining immune homeostasis. Chronic 
stress disturbs this balance, leading to a state of chronic low-grade 
inflammation. This cytokine dysregulation has been implicated in 
various diseases, including metabolic syndrome, cardiovascular 
disease, autoimmune disorders, and mental health conditions such as 
anxiety and depression. In healthcare workers, job stress has been 
shown to elevate pro-inflammatory cytokines like IL-6 and TNF-α, 
while suppressing anti-inflammatory cytokines like IL-10, 
exacerbating the risk of burnout and immune dysfunction.

Mechanisms Linking Stress To Cytokine Production
The primary mechanism through which stress influences cytokine 
production is the activation of the hypothalamic-pituitary-adrenal 
(HPA) axis and the sympathetic-adrenal-medullary (SAM) system. 
Stress triggers the release of cortisol, a glucocorticoid that regulates 
immune function. Cortisol generally has an anti-inflammatory effect; 
however, chronic exposure to high cortisol levels can lead to 
glucocorticoid resistance, where immune cells become less responsive 

[15] to cortisol's regulatory effects. This results in elevated pro-
inflammatory cytokine production. Additionally, stress activates the 
sympathetic nervous system, leading to the release of catecholamines 
such as adrenaline and noradrenaline, which further influence cytokine 
production by immune cells.

[16],[17]Health Implications Of Cytokine Dysregulation In Stress: 
The chronic elevation of pro-inflammatory cytokines in response to 
stress has been linked to several adverse health outcomes:
Ÿ Cardiovascular Diseases: Elevated levels of IL-6 and TNF-α 

contribute to the development of atherosclerosis and hypertension, 
both of which are common in individuals exposed to chronic 
stress.

Ÿ Autoimmune Disorders: Chronic stress-induced cytokine 
imbalances, particularly the upregulation of IL-6 and TNF-α, can 
trigger or exacerbate autoimmune diseases such as rheumatoid 
arthritis and multiple sclerosis.

Ÿ Mental Health Conditions: Prolonged stress and inflammation 
increase the risk of depression, anxiety, and other mood disorders, 
partly due to the effects of cytokines like IL-1 and TNF-α on the 
brain.

CONCLUSION
Cytokines are central to the body's response to stress, mediating both 

[18] acute and chronic inflammatory processes. Prolonged stress, 
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particularly in high-demand occupations such as healthcare, leads to a 
dysregulation in cytokine production, which can have profound effects 
on both physical and mental health. Understanding the role of 
cytokines in the stress response provides critical insights into how 
stress contributes to disease development and offers potential 
therapeutic targets for mitigating stress-related health risks.

Future Directions
Further research is needed to explore the therapeutic potential of 
cytokine modulation in stress-related disorders. Interventions that 
reduce pro-inflammatory cytokine activity or enhance anti-
inflammatory responses, such as lifestyle changes, pharmacological 
agents, and psychological interventions, could improve health 
outcomes in individuals suffering from chronic stress.
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