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INTRODUCTION
Chronic stress has become an important clinical and physiological 
concern because of its wide-ranging effects on human health. 
Stress is a normal adaptive response that allows the body to react to 
perceived threats or demanding situations. In short-term situations, 
this response can be protective because it activates biological systems 
that support alertness, energy mobilization, immune readiness, and 
survival. However, when stress becomes prolonged, repeated, or 
poorly regulated, the same adaptive systems may become harmful. 
Chronic stress can place a persistent burden on the body, contributing 
to dysregulation of neuroendocrine, autonomic, immune, metabolic, 
and psychological processes. As a result, stress is increasingly 
understood not only as an emotional experience but also as a biological 
condition with measurable effects on physical health.

The physiological stress response is mainly regulated through 
the hypothalamic-pituitary-adrenal axis and the autonomic nervous 
system. When an individual experiences stress, the hypothalamus 
stimulates the release of corticotropin-releasing hormone, which 
promotes adrenocorticotropic hormone secretion from the pituitary 
gland. This process leads to cortisol release from the adrenal 

cortex. At the same time, the sympathetic nervous system activates 
the release of catecholamines, preparing the body for immediate 
action. These responses are useful during acute stress because they 
help regulate blood pressure, glucose availability, alertness, and 
immune activity. In chronic stress, however, repeated activation may 
disrupt normal cortisol rhythms, weaken negative feedback control, 
increase sympathetic tone, and reduce parasympathetic recovery. 
Such alterations can affect sleep, mood, cognition, pain perception, 
cardiovascular regulation, and general physiological resilience.

Chronic stress also has significant effects on immune and 
inflammatory function. Although cortisol usually helps regulate 
inflammation, prolonged stress exposure may alter immune cell 
sensitivity to glucocorticoids. This can contribute to glucocorticoid 
resistance, in which immune cells become less responsive to the 
anti-inflammatory effects of cortisol. As a result, pro-inflammatory 
signaling may remain active even when stress hormones are elevated. 
Increased activity of inflammatory mediators, including cytokines 
such as interleukin-6 and tumor necrosis factor-alpha, has been 
associated with fatigue, pain sensitivity, depressive symptoms, 
sleep disturbance, and vulnerability to chronic disease. This 
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ABSTRACT
Chronic stress is increasingly recognized as a major physiological and clinical factor in the development of psychosomatic disorders. Prolonged 
exposure to psychological or environmental stressors can disrupt the body’s adaptive regulatory systems, particularly the hypothalamic-
pituitary-adrenal axis, autonomic nervous system, and immune-inflammatory pathways. This paper examines the effects of chronic stress on 
neuroendocrine and immune function and discusses the clinical implications for early intervention in stress-related psychosomatic conditions. 
The review highlights how persistent stress may alter cortisol secretion, impair feedback regulation, increase sympathetic activity, reduce 
parasympathetic balance, and contribute to immune dysregulation through pro-inflammatory cytokine activity and glucocorticoid resistance. 
These biological changes may present clinically as fatigue, sleep disturbance, pain sensitivity, gastrointestinal symptoms, mood changes, and 
other medically unexplained or stress-aggravated complaints. The paper further emphasizes that psychosomatic symptoms should not be viewed 
as purely psychological but as possible indicators of underlying mind-body dysregulation. Early identification of stress-related physiological 
patterns may support timely intervention through integrated approaches such as cognitive behavioral therapy, mindfulness-based strategies, 
sleep optimization, physical activity, nutrition support, and structured clinical monitoring. Overall, the paper argues that early intervention in 
chronic stress can reduce symptom burden, improve quality of life, and prevent progression toward more complex psychosomatic disorders.
Keywords: Chronic stress; neuroendocrine function; immune dysregulation; HPA axis; inflammation; psychosomatic disorders; early 
intervention.
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interaction between stress hormones and immune signaling shows 
that the endocrine and immune systems are closely connected in the 
development of stress-related illness.

These biological changes are especially relevant to psychosomatic 
disorders, where psychological stress and physiological dysfunction 
interact to produce or worsen bodily symptoms. Psychosomatic 
symptoms may include persistent fatigue, gastrointestinal discomfort, 
headaches, musculoskeletal pain, palpitations, sleep problems, and 
medically unexplained physical complaints. In many clinical settings, 
such symptoms are difficult to manage because they may not be fully 
explained by structural disease, yet they cause significant distress 
and functional impairment. Patients may move repeatedly between 
medical specialties without receiving integrated assessment of stress, 
neuroendocrine regulation, immune function, lifestyle factors, and 
psychological burden. This can delay early intervention and allow 
symptoms to become chronic.

The problem addressed in this paper is that chronic stress 
is often recognized late, after symptoms have already become 
persistent or clinically complex. In many cases, early signs such as 
poor sleep, recurrent fatigue, irritability, body tension, digestive 
discomfort, and reduced coping capacity are treated as isolated 
complaints rather than as possible indicators of broader stress-related 
dysregulation. This fragmented approach may limit prevention and 
early treatment. A better understanding of the neuroendocrine and 
immune effects of chronic stress can help clinicians identify patients 
at risk for psychosomatic disorders and design more effective early 
interventions.

This paper is therefore important because it brings together 
physiological and clinical perspectives on chronic stress. It emphasizes 
that psychosomatic symptoms should not be dismissed as purely 
psychological or imaginary. Instead, they may reflect real biological 
changes involving the HPA axis, autonomic nervous system, cortisol 
regulation, inflammatory activity, and immune balance. Recognizing 
these mechanisms can support a more integrated model of care 
that combines medical assessment, psychological support, lifestyle 
modification, and follow-up monitoring.

The aim of this paper is to examine the effects of chronic stress 
on neuroendocrine and immune function and to discuss the clinical 
implications for early intervention in psychosomatic disorders. 
Specifically, the paper explains the physiological mechanisms linking 
chronic stress with HPA axis and autonomic dysfunction, examines 
the relationship between chronic stress and immune-inflammatory 
dysregulation, discusses how these processes contribute to 
psychosomatic symptoms, and identifies practical opportunities 
for early clinical recognition and intervention. By focusing on early 
identification and integrated management, this paper supports a 
preventive approach to stress-related psychosomatic illness and 
highlights the need for closer collaboration between physiological, 
psychological, and clinical care.

Conceptual and Physiological Background
Chronic stress is best understood as a prolonged state of physiological 
and psychological strain that occurs when an individual is repeatedly 
exposed to demands that exceed perceived coping capacity. Unlike 
acute stress, which is usually brief and adaptive, chronic stress persists 
over time and keeps the body’s regulatory systems in a repeated state 

of activation. Acute stress may improve alertness, mobilize energy, 
and prepare the body to respond to immediate challenges. Chronic 
stress, however, can gradually disturb internal balance by preventing 
full recovery after repeated stress exposure. This distinction is 
important because the harmful effects of stress are not caused only 
by the presence of stressors but also by the duration, frequency, 
intensity, and interpretation of those stressors.

From a physiological perspective, the body responds to stress 
through coordinated activity between the nervous, endocrine, 
and immune systems. These systems are designed to help the body 
maintain stability in changing conditions. When stress is perceived, 
the brain evaluates the threat and activates a series of biological 
responses. The hypothalamus, pituitary gland, adrenal glands, 
autonomic nervous system, and immune cells all participate in this 
process. In the short term, this response helps the body adapt. In the 
long term, repeated activation may produce dysregulation, especially 
when recovery mechanisms are weak or when the individual remains 
exposed to psychological, social, occupational, or environmental 
stressors.

One of the most important systems involved in stress regulation 
is the hypothalamic-pituitary-adrenal axis. This axis begins with the 
hypothalamus, which releases corticotropin-releasing hormone in 
response to perceived threat. This stimulates the pituitary gland to 
release adrenocorticotropic hormone, which then promotes cortisol 
secretion from the adrenal cortex. Cortisol helps regulate glucose 
metabolism, blood pressure, immune activity, and energy availability. 
Under normal conditions, cortisol follows a daily rhythm, usually 
rising in the early morning and declining gradually throughout the 
day. This rhythm supports wakefulness, metabolism, and recovery. 
In chronic stress, cortisol regulation may become disturbed. Some 
individuals may show persistently elevated cortisol, while others may 
develop a flattened rhythm or reduced cortisol responsiveness after 
long-term stress exposure. These changes can affect sleep, mood, 
fatigue, concentration, and immune balance.

The autonomic nervous system is another major component 
of the stress response. It consists mainly of the sympathetic and 
parasympathetic branches. The sympathetic nervous system prepares 
the body for action by increasing heart rate, blood pressure, 
respiration, and energy mobilization. The parasympathetic nervous 
system, particularly through vagal activity, supports rest, digestion, 
emotional regulation, and physiological recovery. In a healthy stress 
response, sympathetic activation is followed by parasympathetic 
recovery once the threat has passed. Chronic stress may disrupt 
this balance by maintaining sympathetic dominance and reducing 
parasympathetic tone. This imbalance can contribute to palpitations, 
muscle tension, gastrointestinal discomfort, poor sleep, anxiety-like 
symptoms, and reduced resilience.

The immune system is closely connected to both neuroendocrine 
and autonomic stress pathways. Stress hormones and neurotransmitters 
can influence immune cell activity, inflammatory signaling, and 
tissue repair. During acute stress, temporary immune activation 
may help protect the body from injury or infection. However, 
chronic stress may impair immune regulation and promote persistent 
low-grade inf lammation. Pro-inf lammatory cytokines, such as 
interleukin-6 and tumor necrosis factor-alpha, may become more 
active during prolonged stress exposure. At the same time, immune 
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cells may become less sensitive to the regulatory effects of cortisol, 
a process often described as glucocorticoid resistance. This means 
that even when cortisol is present, its ability to control inflammation 
may be weakened. The result is a state in which stress hormones and 
inflammatory mediators interact in ways that can worsen fatigue, 
pain, mood disturbance, sleep disruption, and vulnerability to illness.

The concept of allostasis is useful for explaining how stress affects 
the body over time. Allostasis refers to the body’s ability to achieve 
stability through change. Instead of keeping every physiological 
process constant, the body adjusts hormone levels, heart rate, 
immune activity, and metabolic function according to changing 
demands. This adaptive flexibility is necessary for survival. However, 
when demands are repeated or prolonged, the cost of maintaining 
adaptation increases. This cost is known as allostatic load. Allostatic 
load reflects the cumulative burden placed on the body by repeated 
stress responses, poor recovery, and long-term dysregulation. Over 
time, high allostatic load can contribute to endocrine imbalance, 
autonomic dysfunction, immune activation, metabolic strain, and 
increased risk of chronic disease.

In psychosomatic disorders, the relationship between stress and 
physical symptoms becomes especially important. Psychosomatic 
disorders do not mean that symptoms are false or imagined. Rather, 
they describe conditions in which psychological stress, emotional 
burden, physiological dysregulation, and bodily symptoms interact. A 
patient may experience real physical symptoms such as pain, fatigue, 
digestive problems, chest tightness, dizziness, or sleep disturbance, 
even when routine medical investigations do not fully explain the 
severity or persistence of the symptoms. These presentations may 
reflect altered stress regulation, heightened bodily awareness, pain 
sensitization, autonomic imbalance, inflammation, or disrupted 
communication between the brain and body.

The brain plays a central role in this mind-body connection. Brain 
regions involved in emotion, memory, threat detection, and bodily 
regulation help determine how stress is perceived and how strongly 

Figure 1: Conceptual Model of Chronic Stress and Psychosomatic Dysregulation

the body responds. The amygdala is involved in detecting threat and 
emotional salience, while the hippocampus contributes to memory 
and feedback regulation of the stress response. The prefrontal 
cortex supports judgment, emotional control, and coping behavior. 
Under chronic stress, communication among these regions may be 
altered, making the individual more reactive to stress and less able 
to regulate emotional and physiological responses. This may increase 
vulnerability to anxiety, depressive symptoms, poor concentration, 
sleep disturbance, and somatic complaints.

Another important pathway is the gut-brain axis, which links the 
central nervous system, autonomic nervous system, immune system, 
gut microbiota, and digestive function. Chronic stress can affect 
gastrointestinal motility, intestinal sensitivity, immune activity in the 
gut, and microbial balance. This helps explain why stress is commonly 
associated with abdominal discomfort, altered bowel habits, nausea, 
appetite changes, and functional gastrointestinal symptoms. 
Similarly, stress-related changes in sleep can intensify neuroendocrine 
and immune dysregulation. Poor sleep can increase inflammatory 
activity, reduce emotional control, impair pain regulation, and 
weaken physiological recovery, creating a cycle in which stress 
worsens sleep and poor sleep worsens stress vulnerability.

Overall, chronic stress should be understood as a multisystem 
process rather than a single psychological state. It affects the body 
through repeated activation of the HPA axis, autonomic imbalance, 
cortisol rhythm disruption, immune-inflammatory changes, and 
altered brain-body communication. These mechanisms provide a 
physiological foundation for understanding psychosomatic disorders 
and highlight the need for early clinical recognition. When stress-
related symptoms are identified early, clinicians can assess not 
only psychological distress but also sleep, fatigue, pain, autonomic 
symptoms, lifestyle patterns, inflammatory risk, and coping capacity. 
This broader view supports a more integrated approach to prevention 
and treatment, especially for patients whose physical symptoms are 
closely linked with chronic stress exposure.
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Neuroendocrine Effects of Chronic Stress
The neuroendocrine system plays a central role in the body’s response 
to stress. It connects the brain, endocrine glands, autonomic nervous 
system, and peripheral organs through coordinated hormonal 
and neural signaling. Under normal conditions, this system helps 
the body respond to immediate challenges by regulating energy 
availability, cardiovascular activity, immune function, mood, sleep, 
and cognition. However, when stress becomes chronic, the repeated 
activation of neuroendocrine pathways may disturb normal regulatory 
patterns and contribute to physiological imbalance. These changes are 
especially relevant in psychosomatic disorders, where persistent stress 
exposure may produce bodily symptoms through altered hormonal 
rhythms, autonomic arousal, and impaired recovery mechanisms.

HPA Axis Activation
The hypothalamic-pituitary-adrenal axis is one of the most important 
biological systems involved in stress regulation. When an individual 
perceives a threat, the hypothalamus releases corticotropin-releasing 
hormone, which stimulates the anterior pituitary gland to secrete 
adrenocorticotropic hormone. Adrenocorticotropic hormone then 
travels through the bloodstream to the adrenal cortex, where it 
promotes the release of cortisol. Cortisol helps the body respond to 
stress by increasing glucose availability, supporting cardiovascular 
tone, influencing immune activity, and regulating energy use.

In acute stress, this process is adaptive because it allows the body 
to respond quickly and efficiently. Once the stressor has passed, 
cortisol normally provides negative feedback to the hypothalamus 
and pituitary gland, reducing further activation of the HPA axis. This 
feedback loop helps restore physiological balance. In chronic stress, 
however, repeated or prolonged activation can weaken this regulatory 
cycle. The body may remain in a state of increased readiness, even 
when there is no immediate threat. Over time, this may contribute 
to disturbed cortisol secretion, altered stress sensitivity, fatigue, 
mood changes, and impaired resilience.

Chronic HPA axis activation is clinically important because it can 
influence several systems at once. Cortisol affects metabolism, sleep, 
immune regulation, cardiovascular function, and brain activity. When 
cortisol signaling becomes poorly regulated, patients may experience 
symptoms that appear across different organ systems. These symptoms 
may include tiredness, poor concentration, irritability, appetite 
changes, disrupted sleep, headaches, gastrointestinal discomfort, 
and increased vulnerability to anxiety or depressive symptoms. In 
this way, HPA axis dysregulation provides a physiological explanation 
for many stress-related psychosomatic complaints.

Cortisol Dysregulation
Cortisol is often described as the primary stress hormone, but its 
role is more complex than simply increasing during stress. In healthy 
conditions, cortisol follows a clear diurnal rhythm. It is usually highest 
in the early morning, helping the body wake and mobilize energy, 
and gradually decreases throughout the day, reaching lower levels 
at night to support rest and recovery. This rhythm is essential for 
maintaining metabolic, immune, cognitive, and emotional balance.

Chronic stress can disrupt this normal rhythm in several ways. 
Some individuals may experience persistently elevated cortisol, 
especially during periods of continuous psychological pressure, 

occupational overload, caregiving burden, or unresolved emotional 
strain. Persistently elevated cortisol may contribute to sleep 
disturbance, increased blood pressure, abdominal fat accumulation, 
insulin resistance, mood instability, and impaired immune regulation. 
Other individuals may develop a flattened cortisol rhythm, where 
the normal morning rise and evening decline become less distinct. 
This pattern may be associated with fatigue, low energy, reduced 
motivation, poor recovery, and chronic bodily complaints.

In some long-term stress-related conditions, cortisol levels may 
become lower than expected or show reduced responsiveness to new 
stressors. This may occur after prolonged activation of the stress 
system, where the body adapts by downregulating cortisol output 
or changing receptor sensitivity. Such patterns have been discussed 
in relation to chronic fatigue, burnout, trauma-related symptoms, 
and certain pain-related conditions. Although cortisol findings can 
vary across individuals and clinical populations, the key issue is 
not simply whether cortisol is high or low, but whether its timing, 
responsiveness, and feedback regulation are disturbed.

Cortisol dysregulation has direct implications for psychosomatic 
medicine. A patient with chronic stress may not always present with 
a clearly identifiable endocrine disorder, yet may show symptoms 
consistent with altered stress physiology. For example, poor morning 
energy, difficulty sleeping, increased body tension, emotional 
reactivity, digestive disturbance, and recurrent fatigue may reflect 
disruption in the normal rhythm of stress recovery. Therefore, 
cortisol should be understood as part of a wider regulatory network 
rather than as a single isolated biomarker.

Autonomic Nervous System Imbalance
The autonomic nervous system works closely with the HPA axis 
to regulate the stress response. It has two major branches: the 
sympathetic nervous system and the parasympathetic nervous system. 
The sympathetic branch prepares the body for action by increasing 
heart rate, blood pressure, respiration, muscle readiness, and glucose 
release. The parasympathetic branch, largely mediated through 
vagal activity, supports rest, digestion, emotional regulation, and 
physiological recovery.

During acute stress, sympathetic activation is useful because it 
allows the body to respond rapidly. However, chronic stress may 
keep the sympathetic system overactive for long periods. This can 
create a state of persistent physiological arousal, even when the 
person is not facing an immediate danger. Patients may describe this 
as feeling constantly tense, restless, alert, or unable to relax. Physical 
symptoms may include palpitations, chest tightness, muscle tension, 
sweating, shallow breathing, headaches, digestive discomfort, and 
sleep difficulty.

At the same time, chronic stress may reduce parasympathetic 
activity. Reduced parasympathetic tone limits the body’s capacity 
to recover after stress exposure. One clinical indicator often linked 
with autonomic regulation is heart rate variability. Higher heart 
rate variability generally reflects better flexibility of the autonomic 
nervous system, while lower heart rate variability may suggest 
reduced adaptive capacity and increased stress burden. In the context 
of chronic stress, reduced autonomic flexibility may help explain why 
some individuals recover slowly from everyday demands and remain 
vulnerable to fatigue, pain, emotional reactivity, and sleep disruption.
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Autonomic imbalance is highly relevant to psychosomatic disorders 
because many bodily symptoms are regulated through autonomic 
pathways. The heart, lungs, gastrointestinal tract, muscles, sweat 
glands, and blood vessels are all influenced by autonomic signaling. 
Therefore, chronic stress can produce real physical symptoms 
even when routine medical tests do not reveal structural disease. 
Recognizing this mechanism allows clinicians to understand 
symptoms such as palpitations, irritable bowel symptoms, dizziness, 
body tension, and unexplained pain as possible expressions of stress-
related physiological dysregulation.

Neuroendocrine Effects on Brain and Behavior
Chronic stress also affects brain regions involved in emotion, memory, 
attention, threat detection, and self-regulation. The amygdala, 
hippocampus, and prefrontal cortex are especially important in this 
process. The amygdala helps detect threat and emotional salience. 
The hippocampus contributes to memory processing and feedback 
control of the HPA axis. The prefrontal cortex supports decision-
making, emotional regulation, impulse control, and coping behavior.

When stress becomes chronic, communication among these 
brain regions may be altered. Increased amygdala reactivity can make 
individuals more sensitive to perceived threats or negative emotional 
cues. Impaired hippocampal regulation may weaken the feedback 
control of the stress response, allowing HPA axis activation to persist. 
Reduced prefrontal control may make it harder to regulate emotions, 
plan effectively, or manage stress in a flexible way. Together, these 
changes can increase vulnerability to anxiety, depressive symptoms, 
irritability, poor concentration, and heightened bodily awareness.

These brain-related effects are not separate from the body. 
Emotional regulation, pain perception, sleep quality, immune 
activity, and autonomic balance are all influenced by brain-body 
communication. For example, chronic stress may increase pain 
sensitivity by affecting central pain-processing pathways. It may also 
worsen sleep by maintaining physiological arousal at night. Poor sleep 
can then intensify cortisol dysregulation, inflammation, fatigue, and 
mood disturbance. This creates a cycle in which neuroendocrine 
changes, behavioral symptoms, and bodily complaints reinforce one 
another.

In psychosomatic disorders, this cycle is particularly important. 
A patient who experiences chronic stress may become more attentive 
to bodily sensations, interpret symptoms as threatening, and develop 
increased physiological arousal. This can worsen pain, digestive 
symptoms, fatigue, and sleep problems. Over time, repeated 
symptom monitoring and stress-related arousal may contribute to 
symptom persistence. Therefore, neuroendocrine effects on brain 
and behavior help explain how stress can become embedded in both 
emotional and physical patterns of illness.

Clinical Relevance
The neuroendocrine effects of chronic stress have important clinical 
implications because they provide a biological foundation for early 
recognition of stress-related illness. Many patients with chronic 
stress do not initially present with a clear psychiatric diagnosis or 
a defined endocrine disorder. Instead, they may report nonspecific 
symptoms such as fatigue, poor sleep, headaches, body pain, digestive 
disturbance, irritability, palpitations, reduced concentration, and 

low tolerance for daily demands. These symptoms may be treated 
separately, but they often reflect a shared pattern of stress-system 
dysregulation.

Early clinical assessment should therefore include careful 
evaluation of stress exposure, sleep quality, fatigue patterns, mood 
symptoms, bodily complaints, lifestyle pressures, and coping 
resources. Clinicians should also consider whether symptoms 
worsen during periods of emotional, occupational, academic, 
family, or financial stress. Where appropriate, assessment may 
include indicators such as blood pressure, heart rate variability, 
sleep measures, inflammatory markers, and cortisol patterns. These 
markers should not be used in isolation, but they may support a 
broader understanding of the patient’s physiological stress burden.

The recognition of neuroendocrine dysregulation also supports 
early intervention. Strategies that reduce stress-system activation 
and improve recovery may help prevent progression from temporary 
stress symptoms to chronic psychosomatic illness. Such strategies 
may include cognitive behavioral therapy, mindfulness-based stress 
reduction, breathing exercises, sleep optimization, graded physical 
activity, nutrition support, social support, and psychoeducation. 
These interventions are clinically valuable because they target both 
psychological stress and physiological regulation.

Overall, chronic stress affects the neuroendocrine system 
through repeated HPA axis activation, cortisol rhythm disruption, 
autonomic imbalance, and altered brain-body communication. 
These changes can produce symptoms that are physical, emotional, 
cognitive, and behavioral. Understanding these mechanisms helps 
move clinical interpretation beyond the idea that psychosomatic 
symptoms are simply psychological. Instead, it supports a more 
integrated view in which chronic stress produces measurable 
biological changes that require early recognition, coordinated care, 
and preventive intervention.

Immune and Inflammatory Effects of Chronic 
Stress
Chronic stress has a major influence on immune and inflammatory 
function because the immune system is closely connected to the 
nervous and endocrine systems. The body does not respond to 
stress through a single pathway. Instead, stress activates a network 
of biological responses involving the hypothalamic-pituitary-adrenal 
axis, the sympathetic nervous system, circulating hormones, immune 
cells, and inf lammatory mediators. In short-term stress, these 
responses may be protective because they prepare the body to respond 
to injury, infection, or environmental threat. However, when stress 
becomes prolonged, repeated, or unresolved, immune regulation 
may become disturbed. This disturbance can contribute to low-grade 
inflammation, altered immune defense, increased symptom burden, 
and greater vulnerability to psychosomatic illness.

Stress and Immune Regulation
The immune system is designed to protect the body from infection, 
injury, and harmful biological changes. It also supports tissue repair 
and helps maintain internal stability. Under normal conditions, 
immune activity is carefully regulated so that the body can defend 
itself without producing excessive inflammation. Stress influences 
this balance through both hormonal and neural pathways. Cortisol 
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released through the HPA axis can regulate immune cell activity, 
while catecholamines released through sympathetic activation can 
influence inflammatory signaling, immune cell distribution, and 
cytokine production.

During acute stress, immune changes may be adaptive. For 
example, immune cells may temporarily move into the bloodstream or 
peripheral tissues to prepare the body for possible injury or infection. 
This short-term response can support survival. In chronic stress, 
however, prolonged exposure to stress hormones and sympathetic 
signaling can disturb normal immune coordination. Some immune 
responses may become suppressed, while inflammatory activity may 
become exaggerated or poorly controlled. This means that chronic 
stress can simultaneously weaken certain protective functions of 
immunity while increasing inflammation in other areas.

This imbalance is clinically important because it helps explain 
why chronically stressed individuals may experience frequent illness, 
slower recovery, persistent fatigue, pain sensitivity, and worsening 
of existing inflammatory or stress-related conditions. The immune 
system becomes less efficient at maintaining balance, and the body 
may remain in a state of heightened biological alert. Over time, 
this can contribute to a cycle in which stress worsens immune 
dysregulation, and immune dysregulation worsens physical and 
psychological symptoms.

Pro-inflammatory Cytokine Activity
One of the main ways chronic stress affects the immune system is 
through increased pro-inflammatory cytokine activity. Cytokines are 
signaling molecules that allow immune cells to communicate with 
one another and with other body systems, including the brain and 
endocrine system. Pro-inflammatory cytokines such as interleukin-6, 
tumor necrosis factor-alpha, and interleukin-1 beta are important 
during infection or tissue injury because they help coordinate immune 
defense. However, when these cytokines remain elevated or poorly 
regulated, they can contribute to chronic symptom development.

Chronic stress can increase inflammatory signaling through 
several pathways. Sympathetic nervous system activation can 
stimulate immune cells to produce inflammatory mediators. At the 
same time, disrupted cortisol regulation may reduce the body’s ability 
to control excessive inflammation. Persistent psychological stress may 
also influence health behaviors such as sleep, diet, physical activity, 
and substance use, which can further affect inflammatory balance. 
These pathways show that stress-related inflammation is not only a 
psychological issue, but a complex physiological process involving 
multiple biological and behavioral factors.

Pro-inflammatory cytokines can affect both the body and the 

brain. They may contribute to fatigue, reduced motivation, pain 
sensitivity, low mood, cognitive slowing, and sleep disturbance. 
These symptoms are commonly seen in individuals with chronic 
stress and psychosomatic complaints. Inflammation can also influence 
neurotransmitter systems and stress-response circuits, creating links 
between immune activation and emotional symptoms. This helps 
explain why chronic stress is often associated with both physical 
discomfort and mood-related changes.

In psychosomatic disorders, cytokine activity may contribute 
to symptoms even when there is no obvious structural disease. 
For example, low-grade inflammation may increase sensitivity to 
pain, intensify fatigue, disturb sleep, and worsen gastrointestinal 
discomfort. These symptoms may appear vague or medically 
unexplained, but they can reflect real physiological changes in 
immune signaling. Therefore, inflammatory activity provides an 
important biological bridge between chronic stress and psychosomatic 
symptom development.

Glucocorticoid Resistance
Cortisol normally plays an anti-inflammatory role by helping to limit 
excessive immune activation. When inflammation rises, cortisol 
should help control the immune response and prevent tissue damage. 
This regulatory effect depends on the ability of immune cells to 
respond properly to glucocorticoid signaling. In chronic stress, 
however, repeated exposure to cortisol and inflammatory signals may 
reduce immune cell sensitivity to cortisol. This process is commonly 
described as glucocorticoid resistance.

Glucocorticoid resistance means that immune cells become less 
responsive to the anti-inflammatory effects of cortisol. As a result, 
inflammation may continue even when cortisol levels are elevated. 
This creates a paradox in which the body has high stress-hormone 
activity but still fails to control inflammatory signaling effectively. 
This process is especially important in chronic stress because it helps 
explain how prolonged stress can lead to persistent inflammation 
rather than simple immune suppression.

The clinical effects of glucocorticoid resistance may include 
increased inflammatory burden, delayed recovery from illness, 
greater symptom persistence, and worsening of stress-sensitive 
conditions. Patients may experience fatigue, body aches, sleep 
disruption, mood disturbance, and increased sensitivity to physical 
discomfort. These symptoms may be intensified when the body 
cannot properly regulate inflammatory activity. Glucocorticoid 
resistance may also contribute to the progression of chronic 
inflammatory conditions and may reduce physiological resilience 
during periods of additional stress.

Table 1: Neuroendocrine Changes Associated with Chronic Stress

Neuroendocrine component Stress-related change Possible clinical manifestation 

HPA axis Repeated activation or impaired feedback control Fatigue, anxiety, poor recovery 

Cortisol rhythm Flattened, elevated, or irregular secretion pattern Sleep disturbance, morning tiredness, low energy 

Sympathetic nervous system Persistent activation Palpitations, muscle tension, restlessness 

Parasympathetic nervous system Reduced vagal tone Poor relaxation, reduced resilience 

Brain-stress circuits Increased threat sensitivity and reduced regulation Irritability, poor concentration, mood symptoms 
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This mechanism is highly relevant to psychosomatic medicine 

because it shows that chronic stress can change the way immune 
cells respond to hormonal regulation. A patient’s symptoms may 
therefore arise not only from emotional distress but also from 
altered biological communication between the endocrine and 
immune systems. Recognizing glucocorticoid resistance as part of 
chronic stress physiology helps support a more integrated approach 
to assessment and treatment.

4.4 Chronic Low-Grade Inflammation
Chronic low-grade inflammation is a persistent, mild elevation in 
inflammatory activity that may occur without acute infection or 
obvious injury. Unlike strong inflammation during infection, low-
grade inflammation may be subtle and long-lasting. It can still have 
important effects on health because inflammatory mediators interact 
with the brain, blood vessels, muscles, endocrine organs, digestive 
system, and metabolic pathways. Chronic stress can contribute to 
this inflammatory state through HPA axis dysregulation, sympathetic 
overactivity, poor sleep, reduced physical activity, unhealthy dietary 
patterns, and impaired recovery.

Low-grade inflammation is important because it may help explain 
many nonspecific symptoms associated with chronic stress. Fatigue, 
body pain, reduced energy, sleep disturbance, mood symptoms, and 
poor concentration may all be influenced by inflammatory signaling. 
Inflammation can affect the central nervous system and alter how the 
brain processes pain, emotion, and motivation. It can also interact 
with autonomic regulation, making the body more reactive to stress 
and less efficient at returning to baseline.

In clinical settings, low-grade inflammation may not always 
be obvious. A patient may not show signs of acute illness yet may 
report persistent physical discomfort and reduced functioning. 
In such cases, the stress-inflammatory pathway provides a useful 
explanation for why symptoms can be real and disabling even when 
routine investigations are inconclusive. This is especially relevant in 
psychosomatic disorders, where symptoms are often shaped by the 
interaction of stress, immune activity, nervous system sensitivity, 
sleep quality, and coping patterns.

Chronic low-grade inf lammation may also contribute to 
long-term disease risk. Persistent inf lammatory activity has 
been linked with cardiovascular strain, metabolic dysfunction, 
depressive symptoms, chronic pain conditions, and immune-related 
disorders. While chronic stress alone may not be the only cause of 
these conditions, it can act as a contributing factor that increases 
vulnerability. This makes early recognition important, especially in 
patients with repeated stress exposure, poor recovery, and emerging 
physical symptoms.

Clinical Relevance
The immune and inf lammatory effects of chronic stress have 
important clinical implications because they help explain how 
stress can become embodied as physical illness. Many patients with 
chronic stress present with symptoms such as fatigue, recurrent pain, 
headaches, digestive problems, sleep disturbance, frequent infections, 
delayed recovery, or worsening of existing chronic conditions. These 
symptoms may not always fit neatly into a single diagnosis, but they 
may reflect dysregulation of immune-inflammatory pathways.

Clinical assessment should therefore consider immune and 
inflammatory factors when evaluating patients with persistent 
stress-related symptoms. This does not mean that every 
patient requires extensive laboratory testing. Rather, clinicians 
should recognize patterns that may suggest stress-related 
immune dysregulation, including long-term fatigue, repeated 
illness, pain sensitivity, poor sleep, inflammatory flare-ups, 
and symptom worsening during periods of emotional or 
occupational stress. Where appropriate, clinical markers such 
as C-reactive protein, inflammatory cytokines, sleep quality, 
body mass index, blood pressure, and metabolic indicators 
may support broader assessment.

Early intervention should aim to reduce both psychological 
stress and physiological inflammatory burden. Approaches 
such as cognitive behavioral therapy, mindfulness-based 
stress reduction, physical activity, sleep optimization, 
nutrition support, relaxation training, and social support 
may help improve stress regulation and immune balance. 
These interventions are not only psychological; they can also 
influence autonomic tone, cortisol regulation, inflammatory 
activity, and health behavior. For example, better sleep may 
reduce inflammatory activation, while regular physical activity 
may improve immune regulation and stress resilience.

The immune effects of chronic stress also highlight the need for 
integrated care. Psychosomatic symptoms should not be dismissed as 
imaginary or purely emotional. Instead, they should be understood 
as possible outcomes of altered communication between the brain, 
endocrine system, autonomic nervous system, and immune system. A 
patient with fatigue, pain, digestive symptoms, or sleep disturbance 
may be experiencing the physical consequences of prolonged stress-
system activation and inflammatory imbalance.

Overall, chronic stress affects immune and inflammatory function 
through altered immune regulation, increased pro-inflammatory 
cytokine activity, glucocorticoid resistance, and chronic low-grade 
inflammation. These mechanisms can contribute to fatigue, pain 
sensitivity, sleep disruption, mood symptoms, gastrointestinal 
complaints, and vulnerability to chronic disease. Understanding 
these pathways supports earlier identification of psychosomatic risk 
and provides a stronger clinical basis for preventive, integrated, and 
patient-centered intervention.

Chronic Stress and Psychosomatic Disorders
Chronic stress is strongly associated with the development 
and persistence of psychosomatic symptoms because it affects 
the body through interacting neuroendocrine, autonomic, 
immune, inflammatory, behavioral, and psychological pathways. 
Psychosomatic disorders are not conditions in which symptoms are 
imagined or deliberately produced. Rather, they refer to clinical 
presentations in which psychological stress, emotional strain, and 
physiological dysregulation contribute to physical symptoms. These 
symptoms may be real, distressing, and functionally limiting, even 
when routine medical investigations do not fully explain their 
severity or persistence. This makes chronic stress an important factor 
in understanding how emotional and social burdens can become 
expressed through the body.
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Psychosomatic Manifestations of Stress
Psychosomatic manifestations occur when prolonged stress exposure 
disrupts normal communication between the brain and body. The 
stress response system is designed to protect the individual in 
situations of threat or demand. However, when the hypothalamic-
pituitary-adrenal axis, autonomic nervous system, and immune-
inflammatory pathways remain repeatedly activated, the body may 
begin to experience stress as a continuous physiological burden. 
This can alter pain perception, digestion, sleep, muscle tone, 
cardiovascular regulation, fatigue levels, and emotional stability.

A major feature of psychosomatic symptoms is that they often 
appear across multiple body systems. A patient may report fatigue, 
headaches, stomach discomfort, chest tightness, sleep disturbance, 
body pain, dizziness, or palpitations without a single clear organic 
explanation. In other cases, stress may worsen an existing medical 
condition, such as migraine, irritable bowel symptoms, asthma, 
hypertension, eczema, or chronic pain. The symptom is therefore 
not “all in the mind” but is shaped by the interaction between stress-
related biological changes and individual vulnerability.

One reason psychosomatic symptoms can become persistent is 
that chronic stress lowers the body’s capacity for recovery. When 
cortisol rhythm is disrupted, sympathetic tone remains high, 
parasympathetic activity is reduced, and inflammatory signaling 
increases, the body may struggle to return to baseline after daily 
stressors. This can produce a cycle in which symptoms increase 
stress, and stress further worsens symptoms. For example, a patient 
with stress-related gastrointestinal discomfort may become anxious 
about eating or going out, which increases autonomic arousal and 
worsens digestive symptoms. Similarly, a patient with chronic pain 
may develop fear, poor sleep, and reduced activity, which can intensify 
pain sensitivity and fatigue.

Common Stress-Related Clinical Presentations
Chronic stress can present through a wide range of clinical symptoms. 
One common presentation involves functional gastrointestinal 
complaints. Stress affects the gut through the autonomic nervous 

system, the hypothalamic-pituitary-adrenal axis, immune activity, 
gut motility, visceral sensitivity, and the gut-brain axis. As a result, 
patients may experience abdominal pain, bloating, nausea, appetite 
changes, constipation, diarrhea, or alternating bowel habits. These 
symptoms may worsen during emotional pressure, examinations, 
work overload, family conflict, or poor sleep.

Headache and migraine-related symptoms are also commonly 
influenced by chronic stress. Stress can increase muscle tension, 
alter vascular regulation, disturb sleep, and heighten pain sensitivity. 
Tension-type headaches may be associated with sustained muscle 
contraction around the neck, shoulders, scalp, and jaw. Migraine 
symptoms may worsen when stress interacts with sleep disruption, 
hormonal changes, dietary irregularities, and sensory sensitivity. 
In such cases, stress may not be the only cause, but it can act as an 
important trigger or aggravating factor.

Chronic fatigue is another frequent presentation. Fatigue related 
to chronic stress is often more than ordinary tiredness. It may 
involve reduced energy, poor recovery after rest, low motivation, 
difficulty concentrating, and physical heaviness. This may reflect 
altered cortisol rhythms, inflammatory signaling, poor sleep quality, 
autonomic imbalance, and prolonged emotional strain. Patients may 
describe waking unrefreshed, feeling drained after minor tasks, or 
losing the ability to manage responsibilities that were previously 
tolerable.

Sleep disturbance is both a consequence and driver of 
psychosomatic symptoms. Chronic stress can keep the brain and 
body in a state of heightened arousal, making it difficult to fall asleep, 
stay asleep, or achieve restorative sleep. Poor sleep can then increase 
cortisol disruption, inflammatory activity, pain sensitivity, emotional 
reactivity, and fatigue. This creates a reinforcing cycle in which stress 
worsens sleep and poor sleep worsens stress vulnerability.

Chronic pain and fibromyalgia-like symptoms may also be linked 
to prolonged stress exposure. Chronic stress can affect central pain 
processing, increase muscle tension, reduce pain thresholds, and 
amplify bodily awareness. Patients may experience widespread pain, 
tenderness, stiffness, headaches, or unexplained musculoskeletal 

Figure 2: Neuroimmune Pathway of Chronic Stress 
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discomfort. In some cases, pain becomes persistent because the 
nervous system becomes sensitized, meaning that normal bodily 
sensations or mild discomfort are experienced as more intense.

Cardiovascular symptoms may also emerge in stress-related 
presentations. Palpitations, chest tightness, increased heart rate, 
shortness of breath, and blood pressure changes may occur when 
sympathetic activation remains high. These symptoms can be 
frightening and may increase anxiety, leading to further autonomic 
arousal. Although cardiac causes must always be assessed when 
clinically indicated, chronic stress can contribute to cardiovascular 
symptoms through sustained sympathetic tone and reduced 
parasympathetic regulation.

Mood symptoms frequently accompany psychosomatic 
complaints. Anxiety, irritability, low mood, emotional exhaustion, 
and reduced coping capacity may occur alongside fatigue, pain, 
digestive symptoms, or sleep problems. This overlap reflects shared 
biological pathways, including HPA axis dysregulation, inflammatory 
signaling, autonomic imbalance, and altered brain circuits involved 
in emotion and threat processing. Therefore, mood and bodily 
symptoms should be assessed together rather than treated as unrelated 
problems.

Mechanisms Linking Stress to Somatic Symptoms
Several mechanisms explain how chronic stress contributes to 
psychosomatic symptoms. The first is autonomic arousal. Persistent 
sympathetic activation increases heart rate, muscle tension, sweating, 
shallow breathing, gastrointestinal disturbance, and bodily alertness. 
When this arousal becomes prolonged, patients may experience 
physical symptoms even in the absence of immediate danger. Reduced 
parasympathetic tone further limits relaxation, digestion, emotional 
regulation, and recovery.

The second mechanism is HPA axis dysregulation. Cortisol 
helps regulate energy, immune function, metabolism, and stress 
adaptation. When cortisol rhythms become disrupted, patients may 
experience fatigue, poor sleep, reduced stress tolerance, changes in 
appetite, mood instability, and impaired recovery. A flattened cortisol 
pattern may be especially relevant to exhaustion and chronic fatigue, 
while prolonged cortisol elevation may contribute to hyperarousal 
and metabolic strain.

The third mechanism is inf lammation. Chronic stress can 
promote pro-inf lammatory cytokine activity and low-grade 
inflammation. Inflammatory mediators can affect the brain, muscles, 
nerves, and digestive system. This may contribute to fatigue, pain 
sensitivity, sleep disturbance, low mood, and reduced motivation. 
Inflammation can also interact with stress hormones, creating a cycle 
in which stress promotes inflammatory activity and inflammation 
worsens stress-related symptoms.

The fourth mechanism is pain sensitization. Repeated stress 
exposure can alter how the nervous system processes pain. The brain 
and spinal cord may become more responsive to pain signals, while 
descending pain-inhibitory pathways may become less effective. 
This can make ordinary sensations feel uncomfortable or painful. 
Pain sensitization is particularly relevant to chronic headaches, 
musculoskeletal pain, fibromyalgia-like symptoms, and persistent 
medically unexplained pain.
The fifth mechanism is altered gut-brain communication. The gut is 

highly sensitive to stress because it is regulated by neural, hormonal, 
immune, and microbial pathways. Chronic stress can affect gut 
motility, intestinal permeability, visceral sensitivity, microbiota 
balance, and immune activity in the gastrointestinal tract. This 
helps explain why digestive symptoms are common in stress-related 
disorders.

The sixth mechanism is maladaptive coping and behavioral 
change. Chronic stress may reduce physical activity, worsen 
sleep habits, increase unhealthy eating patterns, encourage social 
withdrawal, and reduce adherence to treatment. These behavioral 
changes can worsen fatigue, inflammation, mood symptoms, pain, 
and metabolic health. In this way, psychosomatic symptoms are 
maintained not only by biological dysregulation but also by changes 
in daily behavior and coping patterns.

Risk Factors for Psychosomatic Progression
Not all individuals exposed to chronic stress develop psychosomatic 
disorders. Risk depends on the interaction between biological 
vulnerability, psychological coping capacity, social environment, 
and clinical context. Childhood adversity is one important risk 
factor because early stress can shape stress-response systems during 
development. Individuals exposed to neglect, trauma, family conflict, 
or unstable caregiving may develop heightened stress sensitivity and 
altered HPA axis regulation later in life.

Repeated emotional stress is another risk factor. Ongoing 
interpersonal conflict, grief, academic pressure, occupational 
strain, financial insecurity, caregiving burden, and unresolved 
trauma can keep the body in a prolonged state of physiological 
activation. When stress continues without adequate recovery, 
allostatic load increases, and the risk of psychosomatic 
symptoms becomes greater.

Poor sleep also increases vulnerability. Sleep is essential 
for neuroendocrine regulation, immune control, emotional 
processing, and physical recovery. When sleep is repeatedly 
disrupted, the body becomes more reactive to stress and less 
able to repair itself. This can intensify fatigue, pain, mood 
symptoms, and inflammatory activity.

Social isolation may worsen psychosomatic risk by 
reducing emotional support and increasing perceived threat. 
Supportive relationships can buffer stress responses and 
improve coping. In contrast, loneliness and poor social support 
may increase physiological arousal, depressive symptoms, and 
health-related worry. Occupational overload is also relevant, 
especially when high demands are combined with low control, 
poor rest, and inadequate recognition.

Pre-existing anxiety and depressive symptoms may further 
increase risk. These conditions can heighten threat perception, 
increase bodily monitoring, reduce coping flexibility, and worsen 
sleep. When psychological distress and physical symptoms reinforce 
one another, the patient may become trapped in a cycle of stress, 
symptoms, fear, and functional limitation.

Overall, chronic stress contributes to psychosomatic disorders 
through repeated activation of neuroendocrine and immune pathways, 
autonomic imbalance, inflammation, pain sensitization, disrupted 
sleep, and altered coping behavior. The clinical importance of this 
relationship lies in early recognition. Patients with recurring fatigue, 
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pain, gastrointestinal symptoms, sleep disturbance, palpitations, 
or mood-related bodily complaints should be assessed through an 
integrated lens that considers both physiological and psychosocial 
contributors. Such an approach can reduce misinterpretation, prevent 
delayed care, and support early interventions that target the full 
stress-symptom cycle.

Clinical Implications for Early Intervention
The clinical implications of chronic stress are significant because 
stress-related neuroendocrine and immune dysregulation often 
appear before the development of severe or persistent psychosomatic 
illness. Many patients do not initially present with a clearly defined 
disease process. Instead, they report fatigue, sleep disturbance, 
headaches, gastrointestinal complaints, muscle tension, palpitations, 
poor concentration, irritability, or recurrent pain. These symptoms 
may be treated separately, yet they often share a common physiological 
foundation in prolonged stress-system activation. Early intervention 
is therefore important because it allows clinicians to identify stress-
related patterns before they progress into chronic, disabling, or 
medically complex conditions.

Importance of Early Recognition
Early recognition of chronic stress is essential because the body may 
show warning signs long before psychosomatic symptoms become 
severe. In clinical practice, patients often seek care only after 
symptoms have interfered with work, school, family life, sleep, or 
emotional functioning. By this stage, stress-related patterns may 
already be reinforced by poor sleep, reduced physical activity, health 
anxiety, inflammation, pain sensitization, and repeated medical 
consultations. Early recognition can interrupt this cycle.

One of the main challenges is that stress-related symptoms are 
often nonspecific. Fatigue may be interpreted as overwork, poor 
sleep, anemia, infection, depression, or endocrine dysfunction. 
Gastrointestinal symptoms may be treated only as dietary intolerance 
or functional bowel disturbance. Headaches and muscle pain may 
be managed with analgesics without adequate attention to stress, 
sleep, posture, emotional strain, or autonomic arousal. Although 
medical screening remains important, clinicians should also consider 
whether the symptoms are linked to persistent stress exposure and 
impaired recovery.

Early recognition does not mean assuming that symptoms are 
psychological without assessment. Rather, it requires a broader 
clinical view that considers both biological and psychosocial 

contributors. This approach reduces the risk of dismissing the 
patient’s symptoms while also avoiding unnecessary fragmentation 
of care. When clinicians recognize chronic stress as a physiological 
burden, they can explain symptoms in a way that validates the 
patient’s experience and supports treatment engagement.

Screening and Clinical Assessment
Screening for chronic stress should include structured attention 
to stress exposure, symptom patterns, sleep, fatigue, mood, pain, 
lifestyle behavior, and social context. A patient’s current symptoms 
should be assessed alongside recent life events, work or academic 
pressure, caregiving responsibilities, financial strain, family conflict, 
trauma exposure, social isolation, and coping resources. This allows 
clinicians to identify whether symptoms increase during stressful 
periods or improve during rest, support, or lifestyle stabilization.

Assessment should begin with a careful clinical history. Important 
questions include the onset, duration, frequency, and severity of 
symptoms; possible triggers; impact on daily functioning; sleep 
quality; appetite; physical activity; emotional state; and use of 
medication, caffeine, alcohol, or other substances. Clinicians should 
also ask whether symptoms fluctuate with stress, fatigue, conflict, 
workload, menstrual cycle, illness, or poor sleep. Such details help 
distinguish isolated complaints from broader patterns of stress-related 
dysregulation.

Validated screening tools may also be useful. Perceived stress 
scales, anxiety and depression measures, sleep quality indices, 
fatigue scales, pain scales, and quality-of-life questionnaires can 
help quantify symptom burden and track change over time. These 
instruments should not replace clinical judgment, but they can 
provide a structured way to identify risk and monitor progress. 
In psychosomatic presentations, repeated measurement may be 
especially useful because patients often experience f luctuating 
symptoms that are influenced by stress, sleep, and daily activities.

Clinical assessment should also include appropriate medical 
evaluation. Red flags, severe symptoms, unexplained weight loss, 
persistent fever, neurological signs, chest pain, gastrointestinal 
bleeding, endocrine abnormalities, and other concerning features 
require proper investigation. Early intervention for chronic stress 
should never be used as a substitute for medical diagnosis. Instead, 
it should complement medical care by addressing stress-related 
physiological and behavioral contributors when serious disease has 
been excluded or when stress worsens an existing condition.

Table 2: Clinical Indica85tors of Stress-Related Psychosomatic Risk

Clinical Indicator Possible Biological Link Early Intervention Opportunity 

Persistent fatigue Cortisol rhythm disruption, low-grade inflammation Sleep assessment and stress-management planning 

Recurrent pain Sympathetic arousal, pain sensitization Pain coping strategies and relaxation training 

Gastrointestinal complaints Gut-brain axis disturbance, autonomic imbalance Dietary review, stress reduction, and medical screening 

Poor sleep HPA axis activation, heightened arousal Sleep hygiene and behavioral sleep support 

Palpitations or tension Sympathetic dominance Breathing exercises and cardiovascular assessment if 
needed 

Mood symptoms with bodily complaints Neuroimmune dysregulation and reduced coping capacity Integrated psychological and clinical care 
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Biomarkers and Clinical Markers
Biomarkers may support the early identification of stress-related 
physiological burden, although they should be interpreted carefully. 
Chronic stress does not always produce a single consistent biological 
pattern. Some patients may show elevated cortisol, while others may 
show flattened cortisol rhythm, reduced cortisol awakening response, 
or altered stress reactivity. Therefore, cortisol assessment may be 
useful in selected research or specialist settings, but it should not be 
treated as a standalone diagnostic test for chronic stress.

Heart rate variability is another useful marker of autonomic 
regulation. Lower heart rate variability may suggest reduced 
parasympathetic tone and limited physiological flexibility. This can 
be relevant in patients with persistent stress, poor sleep, anxiety-like 
symptoms, fatigue, or cardiovascular arousal. However, heart rate 
variability can be influenced by age, medication, fitness level, illness, 
sleep, and measurement method. It is best used as part of a broader 
assessment rather than as an isolated indicator.

Inflammatory markers may also provide useful information 
in some cases. C-reactive protein, interleukin-6, and other 
inflammatory indicators can reflect immune-inflammatory activity, 
although they are not specific to stress. Elevated inflammatory 
markers may be influenced by infection, obesity, smoking, chronic 
disease, poor sleep, diet, and physical inactivity. Nevertheless, when 
considered alongside clinical history and symptom patterns, they may 
help identify patients with increased inflammatory burden.

Clinical markers are often more accessible than laboratory 
biomarkers. These include persistent fatigue, non-restorative sleep, 
recurrent pain, digestive disturbance, palpitations, emotional 
exhaustion, poor concentration, reduced stress tolerance, increased 
symptom sensitivity, and frequent healthcare use without clear 
diagnostic findings. These markers can help clinicians identify 
patients who may benefit from early stress-focused intervention.

Integrated Early Intervention Strategies
Early intervention should target both the biological and psychosocial 
dimensions of chronic stress. Because chronic stress affects the HPA 
axis, autonomic nervous system, immune function, sleep, mood, 
behavior, and physical symptoms, a single intervention is often 
insufficient. Integrated care is more appropriate, especially for 
patients with persistent psychosomatic complaints.

Cognitive behavioral therapy is one useful approach because it 
helps patients identify stress-related thought patterns, symptom-
related fears, avoidance behaviors, and maladaptive coping strategies. 
It can reduce health anxiety, improve self-management, and help 
patients develop more flexible responses to stress. For patients with 
pain, fatigue, or gastrointestinal symptoms, cognitive behavioral 
strategies can also reduce symptom amplification and improve daily 
functioning.

Mindfulness-based interventions may also be beneficial because 
they support attention regulation, emotional awareness, and reduced 
physiological arousal. Mindfulness practices can help patients observe 
bodily sensations without immediate fear or overreaction. This is 
especially relevant in psychosomatic disorders, where symptom 
monitoring and anxiety about bodily sensations may worsen distress. 
Relaxation training, breathing exercises, and progressive muscle 

relaxation can also reduce sympathetic activation and support 
parasympathetic recovery.

Sleep optimization is another essential component. Poor sleep 
worsens cortisol disruption, immune activation, pain sensitivity, 
mood symptoms, and fatigue. Early intervention should therefore 
include assessment of sleep duration, sleep timing, bedtime routine, 
screen exposure, caffeine use, irregular schedules, and nighttime 
worry. Behavioral sleep support can improve recovery and reduce 
the physiological burden of chronic stress.

Physical activity should be introduced carefully and progressively. 
Regular movement can improve autonomic balance, reduce 
inflammation, support mood, improve sleep, and increase stress 
resilience. However, patients with severe fatigue or pain may require 
graded activity rather than sudden intense exercise. The aim is to 
restore function without worsening symptoms.

Nutrition support may also be important. Chronic stress can 
affect appetite, food choices, digestion, inflammation, and metabolic 
health. A balanced diet that supports stable energy, gut health, 
and inf lammatory control can strengthen recovery. Nutrition 
intervention should avoid extreme restriction and should focus on 
regular meals, adequate hydration, whole foods, and reduction of 
excessive caffeine or highly processed intake where relevant.

Social support and psychoeducation are equally important. 
Patients need clear explanations that connect stress, body systems, 
and symptoms without implying that the symptoms are imaginary. 
Psychoeducation can reduce fear, improve adherence, and help 
patients understand why lifestyle, sleep, emotional regulation, and 
medical care must work together. Social support from family, peers, 
clinicians, or support groups can reduce isolation and improve coping 
capacity.

Proposed Early Intervention Framework
An early intervention framework for stress-related psychosomatic 
disorders should begin with identification of chronic stress symptoms. 
Patients presenting with fatigue, recurrent pain, sleep disturbance, 
gastrointestinal symptoms, palpitations, headaches, or mood-related 
bodily complaints should receive a structured assessment of stress 
exposure and physiological recovery. This should include clinical 
history, symptom mapping, sleep assessment, mood screening, 
lifestyle review, and appropriate medical evaluation.

The second stage should involve risk stratification. Patients with 
mild and recent symptoms may benefit from psychoeducation, stress-
management planning, sleep improvement, and lifestyle support. 
Patients with moderate symptoms or functional impairment may 
require structured psychological intervention, closer monitoring, 
and multidisciplinary care. Patients with severe symptoms, trauma 
history, major depression, disabling pain, or significant medical 
findings may require specialist referral.

The third stage should involve personalized intervention planning. 
This plan should match the patient’s symptom pattern and risk profile. 
For example, a patient with insomnia and palpitations may need sleep 
therapy, breathing exercises, and autonomic regulation strategies. A 
patient with fatigue and widespread pain may need graded activity, 
pain education, nutrition support, and psychological therapy. A 
patient with gastrointestinal symptoms may need gut-focused care, 
dietary review, stress reduction, and medical screening.
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The fourth stage should involve monitoring and adjustment. Chronic 
stress-related symptoms often fluctuate, so follow-up is necessary. 
Clinicians should monitor symptom burden, sleep quality, stress 
exposure, mood, functional capacity, treatment adherence, and 
quality of life. Where available, repeated measures such as stress 
scales, sleep questionnaires, fatigue ratings, heart rate variability, 
or inflammatory markers may help track progress. The intervention 
plan should be adjusted based on response.

Overal l, early intervention for chronic stress-related 
psychosomatic disorders should be preventive, integrated, and 
patient-centered. It should recognize that chronic stress can produce 
real physiological changes through neuroendocrine, autonomic, 
and immune-inflammatory pathways. By identifying stress-related 
symptoms early and addressing both biological and psychosocial 
contributors, clinicians can reduce symptom burden, improve quality 
of life, and prevent progression into more complex psychosomatic 
illness.

DISCUSSION
This paper examined the effects of chronic stress on neuroendocrine 
and immune function and discussed the clinical implications for early 
intervention in psychosomatic disorders. The central argument is 
that chronic stress should not be understood only as an emotional or 
psychological experience. Rather, it should be viewed as a multisystem 
physiological process that affects the hypothalamic-pituitary-adrenal 
axis, autonomic nervous system, immune regulation, inflammatory 
signaling, sleep, mood, pain processing, and overall bodily 
functioning. When stress becomes prolonged or repeated, the body 
may struggle to restore normal balance. This may lead to a state 
of chronic physiological strain that contributes to psychosomatic 
symptom development.

A major point emerging from the discussion is that chronic stress 
can disturb neuroendocrine regulation through repeated activation 

of the HPA axis and autonomic nervous system. In the short term, 
cortisol release and sympathetic activation help the body respond to 
threat or demand. However, long-term activation may disrupt cortisol 
rhythms, weaken feedback control, increase sympathetic tone, and 
reduce parasympathetic recovery. These changes can contribute to 
fatigue, sleep disturbance, emotional reactivity, poor concentration, 
headaches, palpitations, gastrointestinal symptoms, and reduced 
stress tolerance. This supports the view that many stress-related 
symptoms are not random or imaginary but may reflect measurable 
dysregulation of stress-response systems.

The immune and inflammatory effects of chronic stress further 
strengthen this interpretation. Chronic stress can alter immune 
regulation, increase pro-inf lammatory cytokine activity, and 
contribute to low-grade inflammation. At the same time, prolonged 
stress exposure may reduce immune cell sensitivity to cortisol, 
leading to glucocorticoid resistance. This process helps explain why 
inflammation may persist even when stress hormones are active. 
Such immune-inflammatory changes are clinically relevant because 
they are linked with fatigue, pain sensitivity, mood symptoms, 
sleep disruption, and vulnerability to chronic illness. Therefore, 
psychosomatic complaints may emerge from the interaction of stress 
hormones, immune signaling, autonomic imbalance, and behavioral 
changes rather than from psychological distress alone.

The findings also have important implications for how 
psychosomatic disorders are interpreted in clinical practice. Patients 
with fatigue, recurrent pain, digestive complaints, headaches, sleep 
problems, or palpitations are sometimes viewed as having symptoms 
that are purely psychological when routine investigations are 
inconclusive. Such an interpretation can lead to delayed care, patient 
frustration, unnecessary repeated consultations, and poor treatment 
adherence. A more accurate approach is to recognize psychosomatic 
symptoms as real bodily experiences that may arise from altered 
brain-body communication. This perspective validates the patient’s 

Figure 3: Early Intervention Framework for Stress-Related Psychosomatic Disorders
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symptoms while also guiding clinicians toward integrated assessment 
and management.

The clinical value of this approach lies in early recognition. 
Chronic stress-related symptoms often appear gradually before they 
become disabling. Early warning signs may include non-restorative 
sleep, persistent fatigue, muscle tension, irritability, gastrointestinal 
discomfort, reduced concentration, and increased bodily sensitivity. 
If these signs are identified early, clinicians can intervene before the 
symptoms become chronic or medically complex. Early intervention 
should include structured assessment of stress exposure, sleep 
quality, mood, coping capacity, somatic symptoms, lifestyle factors, 
and relevant biological indicators. This type of assessment allows 
clinicians to identify patterns across symptoms rather than treating 
each complaint in isolation.

The paper also highlights the need for integrated intervention 
strategies. Because chronic stress affects multiple systems, treatment 
should not rely on a single approach. Cognitive behavioral therapy 
may help patients identify maladaptive thought patterns, health-
related fears, and avoidance behaviors. Mindfulness-based strategies, 
relaxation training, and breathing exercises may reduce physiological 
arousal and improve emotional regulation. Sleep optimization can 
support neuroendocrine recovery and reduce inflammatory burden. 
Physical activity can improve autonomic balance, mood, metabolic 
health, and immune regulation. Nutrition support and social support 
can further strengthen resilience and reduce the physiological impact 
of stress. These interventions are most effective when personalized 
to the patient’s symptom pattern, risk profile, and functional needs.

Another important implication is the need for multidisciplinary 
care. Psychosomatic disorders often sit between traditional medical 
and psychological categories. Patients may require input from 
physicians, psychologists, nurses, physiotherapists, dietitians, sleep 
specialists, and other health professionals. Multidisciplinary care can 
reduce fragmented treatment and improve outcomes by addressing 
both the biological and psychosocial dimensions of illness. For 
example, a patient with chronic fatigue, sleep disruption, and pain 
may benefit from medical screening, psychological support, graded 
activity, sleep intervention, and stress-management education rather 
than repeated symptom-based treatment alone.

Despite the growing understanding of chronic stress physiology, 
several gaps remain in current knowledge. One limitation is that 
chronic stress is difficult to measure consistently. Studies use different 
definitions, questionnaires, exposure durations, and biological 
markers, making findings difficult to compare. Another challenge 
is that cortisol and inflammatory markers do not always show the 
same patterns across individuals. Some patients may show elevated 
cortisol, others may show flattened cortisol rhythms, and others may 
show reduced cortisol responsiveness. These differences may depend 
on stress duration, trauma history, age, sex, sleep, physical activity, 
medication, comorbid illness, and individual resilience.

There is also a need for more longitudinal research. Much of the 
available evidence shows associations between stress, neuroendocrine 
changes, inflammation, and psychosomatic symptoms, but causal 
pathways are difficult to establish. Longitudinal studies can help 
clarify whether stress-related biological changes precede symptom 
development, maintain existing symptoms, or emerge as a 

consequence of chronic illness. Future research should also examine 
personalized stress-risk profiles, including how cortisol rhythm, 
heart rate variability, inflammatory markers, sleep quality, and 
psychological factors interact over time.

Digital health technologies may offer useful opportunities for 
future research and clinical practice. Wearable devices can monitor 
sleep, heart rate variability, physical activity, and physiological arousal 
patterns. Mobile health tools can track mood, stress exposure, 
fatigue, pain, and symptom fluctuations in daily life. When used 
ethically and clinically, these tools may help identify early changes in 
stress regulation and support timely intervention. However, digital 
monitoring should not replace clinical judgment, and data privacy, 
accessibility, and patient burden must be considered.

Overall, this discussion supports the need to move from a 
narrow symptom-based model to an integrated stress-system model 
of psychosomatic disorders. Chronic stress can affect the body 
through neuroendocrine dysregulation, autonomic imbalance, 
immune-inflammatory activation, altered sleep, pain sensitization, 
and behavioral changes. These mechanisms provide a biological 
foundation for understanding why chronic stress can produce real 
physical symptoms and why early intervention is clinically important. 
By recognizing stress-related dysregulation early and applying 
integrated interventions, clinicians can reduce symptom burden, 
improve quality of life, and prevent the progression of psychosomatic 
disorders.

CONCLUSION
Chronic stress has important effects on neuroendocrine and immune 
function, making it a significant clinical factor in the development 
and persistence of psychosomatic disorders. Although stress is a 
normal adaptive response in short-term situations, prolonged or 
repeated stress exposure can disturb the body’s regulatory systems. 
The hypothalamic-pituitary-adrenal axis, autonomic nervous system, 
cortisol rhythm, immune signaling, and inflammatory pathways 
may all become dysregulated when stress persists without adequate 
recovery. These changes can affect sleep, mood, pain perception, 
digestion, fatigue, cardiovascular activity, and overall physiological 
resilience.

This paper has shown that chronic stress should not be interpreted 
only as a psychological burden. It is also a biological process that 
can produce measurable changes in the body. Repeated HPA axis 
activation, sympathetic overactivity, reduced parasympathetic 
recovery, cortisol rhythm disruption, glucocorticoid resistance, and 
low-grade inflammation may all contribute to the physical symptoms 
commonly seen in psychosomatic conditions. Symptoms such as 
fatigue, recurrent pain, gastrointestinal discomfort, headaches, 
palpitations, sleep disturbance, and mood-related bodily complaints 
should therefore be understood through an integrated mind-body 
framework.

The clinical implication is that early recognition is essential. 
Stress-related symptoms often appear before they become severe, 
chronic, or disabling. Clinicians should assess stress exposure, sleep 
quality, fatigue, mood, coping capacity, lifestyle patterns, somatic 
symptoms, and relevant biological risk indicators when evaluating 
patients with persistent or unexplained physical complaints. This 
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approach can reduce fragmented care and support earlier intervention.

Early intervention should be preventive, personalized, and 
multidisciplinary. Cognitive behavioral therapy, mindfulness-based 
strategies, sleep optimization, physical activity, nutrition support, 
relaxation techniques, psychoeducation, and social support may 
help restore physiological regulation and reduce psychosomatic risk. 
Overall, a better understanding of the neuroendocrine and immune 
effects of chronic stress can improve clinical assessment, guide 
integrated treatment, reduce symptom burden, and promote better 
quality of life for individuals at risk of stress-related psychosomatic 
disorders.
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