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	 Stress is a word used to describe experiences 
that are emotionally and physiologically 
challenging. “Good stress,” or eustress, generally 
refers to those experiences that a person can 
master and which leave a sense of accomplishment, 
whereas “bad stress”, “distress” or “being stressed 
out,” refers to experiences where a sense of control 
and mastery is lacking and which are often 
prolonged or recurrent, emotionally draining, and 
physically exhausting and detrimental to health(1). 
A hallmark of the stress response is the activation 
of the sympathetic-autonomic nervous system 
(SAM) and hypothalamic-pituitary-adrenal 
(HPA) axis(2). The“fight-or-flight” response is the 
classical behavioral and physiological response 
to a threat from a dangerous situation. This is 
an evolutionary response and is mediated by the 
autonomic nervous system(3). 

Stress, a response to aversive stimuli, is a 
concept that is difficult to define fully because 
its interpretation tends to vary according to 
individual disciplines. Hans Selye, a pioneer in 
addressing general principles of physiology and 
pathophysiology in the exploration of stress, 
defined stress as ‘‘the non-specific response of 
the body to any demand ’’ (4). He emphasized the 
role of an integratedresponse of multiple systems 
rather than isolated reflexes. He gave the concept 
of general adaptation syndrome (GAS). It involves 
three stages i.e. the Alarm Reaction, the Stage of 
Resistance and the Stage of Exhaustion (5). Although 
virtually all organs are affected by exposure to stress, 
the neuroendocrine, cardiovascular, immune and 
gastrointestinal systems are the first to experience 
functional changes. 

Neuroendocrine response to stress
Exposure to variousstressors results in a series of 
coordinated responses often referred to as ‘‘stress 
responses,’’ and are composed of alterations in 
behaviour, autonomic function and the secretion of 
multiple hormones including adrenocorticotropin 

hormone (ACTH) and cortisol/corticosterone, 
adrenal catecholamines, oxytocin, prolactin 
and renin(5). Some of the physiological changes 
associated with the stress response include: (a) 
mobilization of energy to maintain brain and 
muscle function; (b) sharpened and focused 
attention on the perceived threat; (c) increased 
cerebral perfusion rates and local cerebral glucose 
utilization; (d) enhanced cardiovascular output 
and respiration, and redistribution of blood flow, 
increasing substrate and energy delivery to the 
brain and muscles; (e) modulation of immune 
function; (f ) inhibition of reproductive physiology 
and sexual behaviour; (g) decreased feeding and 
appetite(6). 

There is general agreement regarding the role 
of the hypothalamic–pituitary–adrenal axis and 
adrenal catecholamines in maintaining energy 
balance, as well as the role of the renin–angiotensin 
system in redistributing blood flow towards the brain 
and other vital organs(6, 7). Many brain structures 
are involved in the response to psychologically 
and physically stressful stimuli. Activation of the 
hypothalamic–pituitary–adrenal axis leads to a 
rapid secretion of ACTH from corticotrophs in 
the anterior pituitary and increase in circulating 
glucocorticoids(7). Initially, it was thought that 
corticotropin- releasing factor (CRF) is the sole 
means of releasing ACTH from the pituitary gland 
but other factors also contribute to regulate ACTH 
release from the pituitary gland(8). CRF plays a 
prominent role in mediating the effect of stressors 
on the hypothalamic–pituitary adrenocortical axis, 
and in coordinating the endocrine, autonomic, 
behavioral and immune responses to stress(6). 

Oxytocin and prolactin isalso secreted in both 
males and females in response to aversive stimuli 
implicating them as ‘‘stress hormones,’’ thus 
suggesting that they play other important roles 
that are important for survival. Oxytocin has been 
reported to play a role in sodium balance and in a 
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central anxiolytic circuit(9), whileprolactin has been 
reported to modulate immune function(10).

Neuroanatomy of the stress response
	 Various brain circuits participate in the 
regulation of the neuroendocrine responses to 
various stressors. Among these are the hypothalamus, 
septohippocampal system, amygdala, cingulate and 
prefrontal cortices, hindbrain regions such as the 
brainstem catecholamine cell body groups (A2/C2 
cell groups in the nucleus of the tractus solitarius; 
A1/C1 cell groups in the ventrolateral medulla; A6 
cell groups in the locus coeruleus), the parabrachial 
nucleus, cuneiform nucleus and dorsal raphe 
nucleus(11). During a stressful event, sensory inputs 
from peripheral sense organs pass through either the 
reticular activating system or the thalamus, which 
function as relay stations, to the amygdala and 
sensory cortex(12). The sensory cortex communicates 
to the hippocampus and with the lateral amygdala 
through the perirhinal cortex (13). The lateral and the 
basolateral nuclei of the amygdala play a major role 
by integrating sensory inputs from the thalamus, 
and cognitiveinformation from the cortex and 
hippocampus(6). The amygdala also stimulates the 
dorsal raphe nucleus andadrenergic nuclei located 
in the brainstem, which, in turn innervate CRF 
neurons in the hypothalamic paraventricular nucleus 
(5). Thus, the hypothalamic pathway is believed to 
play a key role in the adrenocortical response via 
a complex pathway. Glucocorticoids play a key 
regulatory role in the neuroendocrine control of 
the hypothalamic–pituitary–adrenocortical axis 
and it terminates the stress response by exerting 
negative feedback at the levels of hypothalamus 
and pituitary(14). Also, by stimulating the GABA-
ergic neurons, mineralocorticoid receptors in 
the hippocampusinhibit the activity of the 
hypothalamic–pituitary–adrenocortical axis, thus 
regulating this pathway (15). 

Neuroimmune mechanism of Stress
	 Stressors in various forms at various intensities 
dysregulates the immune system. The interaction 
between the CNS, endocrine and the immune system 
forms the broad interdisciplinary research field  
known as psychoneuroimmunology (16). Dysregulation 
ofthe immune system leads to susceptibility to 

infections, physical ill-health and to a spectrum 
of stress-related disorder such as diabetes, asthma, 
hypertension etc. The release of cortisol perhaps 
plays the final role to provoke various immunological 
changes like the release of cytokines (IFN), 
interleukins and TNFs. The SAM axis also innervates 
the lymphoid organs that produce NK cells and other 
T lymphocytes(17).

Impact on immune cells: Stress increases 
monocytes, neutrophils and B cells in the spleen 
and causes redistribution of myeloid and lymphoid 
cells from the bone marrow(18). There is impaired 
function of thymus, spleen and lymph nodes under 
severe stress. Of these,the thymus is very sensitive 
to stress and thus uncontrolled stress can suppress 
cellular immunity(17).

Impact on cytokines: Chronic stress 
elevates serum glucocorticoids which leads to an 
increase in serum interferonsand interleukins. 
Glucocorticoids can influence the growth and 
maturation of leukocytes, downregulates cytokines 
such as IFN-γ, TGF-β, TNF-α, IL-12 mediated 
by cell immunity while upregulating the expression 
of various interleukins (IL-4,10,13) mediated by 
humoral immunity(19, 20).

Stress and Physical disorders
	 Chronic diseases like diabetes, obesity, 
cardiovascular diseases are the leading cause of 
death and disability (Centre for Disease Control). 
Psychosocial factors including stress are implicated 
as etiological factors, maintenance factors and 
factors that hinder recovery from these disorders. 
Mind-body medicine deals with such areas 
exploring the interaction between brain, mind, 
body and behaviour(21). 

Cardiovascular diseases (CVD) are the 
leading cause of death worldwide. Apart from 
various psychosocial factors such as emotional 
distress, Type D personality, depressive symptoms, 
stressors play an important role in the etiology 
of CVD(22). Acute stress causes vasoconstriction 
and vasospasm, mechanical straining, endothelial 
tearing and plaque rupture. Chronic stress leads 
to thrombogenesis causing increased platelet 
aggregation. Elevated cytokines and IL-6 are also 
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associated with chronic stress which is strongly 
associated with platelet instability(22, 23). 

Metabolic Syndrome has increased alarmingly 
over the last two decades and it includes three 
major disorders viz. obesity, hyperlipidaemia and 
diabetes. Glucose intolerance, insulin resistance 
and hypertension are also associated with this 
syndrome(24, 25). Evidence shows that chronic 
psychological stress correlates with the metabolic 
syndrome, particularly abdominal obesity. Cortisol 
hypersecretion in chronic stress increases visceral 
obesity as cortisol binds to glucocorticoid receptors 
in the fat cells and activates the enzyme lipoprotein 
lipase which converts triglycerides to free fatty 
acids(26). Cytokines and other interleukins increase 
insulin resistance through an inflammatory 
response,leading to diabetes(27).

Rheumatoid Arthritis (RA) is an autoimmune 
disorder of the joints and stress is recognised as a 
key risk factor in the pathogenesis of RA. Immune 
dysregulation triggered by stress via cytokine 
amplification and other complex mechanism leads 
to an autoimmune process that produces RA(28). 
The treatment of RA currently focuses on stress 
reduction, life-style modification and improving 
quality of life.

Asthma is often triggered by stress. Findings 
suggest that acute stressors activate the sympathetic 
nervous system that leads to bronchospasm and 
subsequent attacks of asthma. Emotional distress 
can constrict the smooth muscles of the airways 
in the lungs producing wheezing, coughing and 
chest tightness. Chronic stressors cause immune 
system activation and can exacerbate asthma via 
inflammatory pathways(29).

Functional gastrointestinal (GI) disorders 
are very common in the general population and 
are one of the most prevalent disorders in patients 
attending gastroenterology clinics. Irritable Bowel 
Syndrome, a prototypical functional GI disorder 
has symptoms of abdominal pain associated with 
alteration of bowel habits in absence of identifiable 
organic disease to explain the above symptoms(30). 
Stress alters the neuroendocrine and the immune 
system causing the release of various neuropeptides 
and interleukins that affects the GI motility, 

visceral perception and increased intestinal 
permeability,leading to IBS(31,32).

Stress management techniques
	 Various stress management techniques are 
used to tackle stress in different settings. The 
most common methods supported by research 
evidenceinclude progressive muscle relaxation, 
meditation, biofeedback, cognitive-behavioral 
skills, stress inoculation techniques and cognitive 
behavioural therapy(33). Mindfulness-based 
stress reduction (MBSR) is a new and clinically 
standardized meditation that has shown consistent 
efficacy for many mental and physical disorders(33, 

34). A recent article exploring systematic review on 
yoga in reducing stress (based on eight randomised 
control trials and clinical controlled trials) indicated 
a positive effect of yoga in reducing stress levels or 
stress related symptoms(35). Also Sudarshan Kriya 
yogic breathing has shown to reduce stress and 
anxiety symptoms significantly(36).

To conclude, stress has a major impact on our 
life and its pathological form can contribute to the 
etiology of various physical disorders. As a health 
care provider, we should broaden our horizons 
and consider psychological stress as an etiological 
factor in various conditions and include stress 
management as a part and parcel of the treatment 
of such disorders. Let us keep in mind Sir William 
Osler’s (1849-1919) famous lines “It is much more 
important to know what sort of patient has a disease 
than what sort of disease the patient has” (21).
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