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Due to the influence of various stressful stimuli, psychological stress alters the homeostasis of the organism.

Consequently, the organism reacts, and the sympathetic-adrenal-medullary (SAM) system and the hypothalamic-

pituitary-adrenal (HPA) axis are activated, producing and releasing specific hormones. In addition to acute stress,

chronic psychological stress also activates the HPA axis, which causes elevated glucocorticoid levels. 
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1. Introduction

Due to the influence of various stressful stimuli, psychological stress alters the homeostasis of the organism.

Consequently, the organism reacts, and the sympathetic-adrenal-medullary (SAM) system and the hypothalamic-

pituitary-adrenal (HPA) axis are activated, producing and releasing specific hormones . Therefore, the

psychological response to emotional stress also modulates the functions of the immune system, the autonomic

nervous system (ANS), levels of hypothalamic and pituitary hormones, neuropeptides, cytokines, and other factors

involved in this network .

The stress response results in changes at the molecular level of the whole body (Figure 1) . Thus, short-

term and long-term effects of stress are associated with changes/alterations in HPA axis functioning, which alters

glucocorticoid levels and may influence different health outcomes . The stress response includes the connection

between the central nervous system (CNS) and the immune system, with bidirectional connections. In addition,

adaptation to stress is a very important mechanism in the body’s response to stress. Thus, the effectiveness of the

reaction to stress depends on the type, intensity, and duration of stress as well as the characteristics of the person

.
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Figure 1. Stress-induced bodily reactions and factors involved in this network (an original scheme based on

current literature data).
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2. Physiology of Acute and Chronic Stress Reactions and the
HPA Axis

A stress reaction implies greater activity of the HPA axis. The organism’s response to acute stress involves a

complex process/network which is mediated by the HPA axis and involves changes in psychological and social

factors. In addition to acute stress, chronic psychological stress also activates the HPA axis, which causes elevated

glucocorticoid levels . It is well-known that this release of stress-associated glucocorticoids can impair memory

and cognitive functions . Chronic stress can also weaken the immune response (as confirmed by the

determination of antibody responses to vaccines) and can cause or contribute to different diseases such as

cardiovascular, endocrine, gastrointestinal diseases, and others . The research literature indicates that acute

stress can also change levels of different immune factors, but by increasing them . Increased cortisol levels lead

to hyperactivity of the HPA axis, while disorders of the HPA axis present an increased risk for developing various

diseases and conditions . However, research on the impact of naturally stressful events on diseases has

given contradictory results about the increased risk of developing certain diseases .

The peripheral and central nervous systems are important factors in a complex network of reactions involved in the

body’s response to stress . The brain receives and processes various neurosensory impulses (cortical, limbic,

visual, somatosensory, nociceptive, visceral, etc.), including signals coming from the blood (hormones, cytokines,

mediators). During psychological stress, the crucial role belongs to the sympathetic nervous system, mostly to the

ANS, which controls the functions of the internal organs via the sympathetic and parasympathetic nervous systems

. The acute stress response includes, firstly, the registration of the stressful stimulus, which is transmitted from

the cerebral cortex to the nucleus of the brainstem locus coeruleus/norepinephrine (LC/NA) and pons, whose

neurons stimulate (via receptors) the release of catecholamines from the adrenal medulla directly into circulation.

This release of catecholamines affects the body by making an individual more alert and cautious, activating

defensive behavior patterns, usually with higher aggression, stimulating the cardiovascular and respiratory systems

and inhibiting the gastrointestinal system. Consequently, the increase in catecholamine levels also results in

increased levels of plasma glucose and fatty acids. These reactions are crucial for survival and protection of the

organism during stressful periods .

Stressors stimulate the hypothalamus to secrete corticotropin-releasing hormone (CRH) and arginine vasopressin

(AVP), which leads to the release of adrenocorticotropic hormone (ACTH) from the anterior pituitary lobe. This is

followed by activation of adrenal gland cells, which produce and release glucocorticoids. Additionally, HPA axis

activation is crucial for the body’s catabolic processes and for supplying the organism with energy. Increased

plasma cortisol concentration stimulates the liver to perform the process of gluconeogenesis and causes insulin

resistance in peripheral tissues . Consequently, glucocorticoids are crucial in controlling the duration of the

stress response. Activation of the stress system causes clinical manifestations that include physiological reactions

(oxygen and nutrients are directed to the CNS and other body systems) and behavioral reactions (e.g., increased

excitement, vigilance, caution, focus, euphoria, or dysphoria, etc.) . Clearly, multiple systems are involved in the

adaptation of the body to new circumstances, and numerous processes (e.g., lipolysis and gluconeogenesis) take
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place to supply the body with energy at such times. At the same time, the activities of other systems

(gastrointestinal, reproductive, and immune systems) are inhibited .

Successful adaptation to stress activates the body’s mechanisms that control and inhibit stress reactions—in other

words, they prevent an excessive response to stress. Without these mechanisms in place, the stress response

would be too intense and prolonged, going beyond successful adjustment, thus potentially causing a pathological

condition. There is a constant, dynamic balance between the stimulatory and inhibitory mechanisms of a stress

reaction, but the mechanisms that inhibit stress reactions prevail during the recovery process. A proper response to

stress involves timely calming or neutralization of stress effects. Catabolic processes predominate after a stressful

situation, i.e., energy mobilization occurs due to the effects of stress hormones (catecholamines, cortisol,

glucagon) . During rest and recovery, anabolic processes predominate due to the influence of growth hormone

and gonadal steroids important for healing and growth. Thus, to establish the homeostasis that each cell tries to

achieve, this balance between the anabolic and catabolic processes is needed .

Psychological stress is associated with various diseases and conditions, including cardiovascular diseases (e.g.,

hypertension), diabetes, gastrointestinal disorders, increased susceptibility to infections, autoimmune disorders,

malignant diseases, and others . In addition, high levels of stress have an impact on mental health and can lead

to drug abuse, reduced work efficiency, absenteeism, and other behaviors associated with poor mental or overall

health . Literature data illustrates how medical interventions (pharmacological, psychotherapeutic) try to

reduce the impact of cortisol in response to stressful stimuli .

It is important to mention, here, that gender influences the stress response—psychoendocrinological studies have

reported lower stress responses in women than in men . In addition, a subjectively higher perception of

stress in women, and their typical cognitive styles, likely contribute to their higher risk of developing psychological

disorders and anxiety disorders . Gender’s significant impact on the immune system has been confirmed by

several studies that analyzed the acute stress response. Notably, the menstrual cycle affects endocrine and

immune variations by altering the level of circulating cytokines or growth factors . A blunting impact on the stress

response may be caused by fluctuations of gonadal steroids during the menstrual cycle and may also be related to

oral contraceptive use . Thus, Helbig et al.  showed a stronger cortisol response in women in the luteal

phase than in those in the follicular phase or in those taking oral contraceptives. Additionally, salivary secretion

differs between the sexes and may be associated with variations in the secretion of gonadal steroids and ANS

regulation of salivary glands .
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