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Introduction
The awareness of stress was increased after World War II when it 

was noticed that many routine life events like examinations, growing 
up increases stress and leads to dysfunction.1 The word stress was used 
by Hans Selye for the first time in 1936 to explain the effects of threats 
that disturbs homeostasis.2,3 Walter B. Cannon explained the role of 
adrenal glands and sympathetic nervous system in maintenance of 
body equilibrium after exposure to threat. Hans Selye3 defined stress 
as a set of non-specific responses collectively called as “General 
Adaptation Syndrome”. Hans Selye’s theory of non-specificity 
was criticized by Mason4 Goldstein5 defined stress as “stress is a 
condition in which expectations, whether genetically programmed, 
established by prior learning or deduced from circumstances, do not 
match the current or anticipated perceptions of the internal or external 
environment and this discrepancy between what is observed or sensed 
and what is expected or programmed elicits patterned, compensatory 
responses”. Later the word allostasis was introduced to stress research, 
which is the process of adaptation to different stressors. When there 
is any defect in the process of adaptation, it leads to “allostatic load 
or overload”.6 Stress may be acute or episodic acute or chronic stress, 
which varies in characteristics, symptoms, duration and management 
approaches. The most commonly experienced stress is acute stress. 
Emotional distress, muscular, gastro intestinal problems, hypertension, 
tachycardia, decrease in the respiratory rate are symptoms of acute 
stress. Episodic acute stress is more common in people who regularly 
experience acute stress. Prolonged depression, anxiety and distress, 
coronary heart disease is most common symptoms of episodic acute 
stress. Long term exposure to stressor leads to chronic stress. Chronic 
stress is hazardous as it increases suicidal tendency. As acute stress is 
short-term, people are aware of it, but they may be unaware of chronic 
stress.7 Stress has both positive and negative impact. Up to a limited 
level of threshold, stress may be beneficial. However, beyond this 
level, there will be sharp fall in the productivity. Hence, one should 
be aware of the indicators of stress. Common indicators of stress are 
irritability, insomnia, anxiety and/or feeling of giving up. However, 
the peak level of stress and indicators of stress varies from person 
to person. Considering these facts, Hans Selye3 stated that ‘eustress’ 
or ‘good stress’ increases productivity and ‘distress’ or ‘bad stress’ 
decreases the productivity. Eustress is required as it helps to complete 
a task; in contrast, distress may lead to depression. The current article 
reviews the effect of stress on different body systems.

Physiological effects of stress
Though stress originates in the brain, it affects all body systems 

including nervous, cardiovascular, respiratory, musculoskeletal, 
immune, gastrointestinal, endocrine and reproductive systems.8

Effect of stress on nervous system 

The stress system not only triggers the fight or flight response through 
sympathetic nervous system, but also interacts with mesocortical and 
mesolimbic components of dopaminergic system, the amygdala/
hippocampus complex and the arcuate nucleus proopiomelanocortin 
neuronal system.9 Mesocortical and mesolimbic system forms the 
reward system and mediates euphoria and dysphoria.2 Stress activates 
amygdala/hippocampus system, which activates central stress system 
and mesocorticolimbic dopaminergic system. Corticotropin-releasing 
hormone neurons of amygdala are connected to paraventricular nuclei 
and parabrachial nucleus and elicit autonomic and behavioral effects. 
Activation of hippocampus causes shutting off of stress response by 
inhibiting PVN, CRH and LC/NE system.10 Stress induces release of 
opioid peptides especially α-melanocyte-stimulating hormone and 
β-endorphin from hypothalamus. Both the opioid peptides inhibit 
components of central stress system.9 

Effect of stress on cardiovascular system

Stress induced cardiovascular diseases include hypertension, 
myocardial ischaemia, myocardial infarction, ventricular arrhythmia, 
and sudden cardiac death.11 Stress causes hazardous effects on 
cardiovascular system through activation of sympathetic nervous 
system and vagal withdrawal. Stress induces certain mechanisms 
like rapid increase in arterial pressure and heart rate, increased serum 
lipid levels, altered blood coagulation, atherosclerosis and vascular 
changes that may lead to cardiovascular diseases.12–14

Effect of stress on respiratory system 

Stress also induces respiratory changes like increase in respiratory 
rate and decrease in end-tidal Carbon dioxide that is hyperventilation.15 
Changes in respiratory quotient and energy expenditure were observed 
in stressful conditions. However, the change depends on type of 
the stress.16 Stress influences respiration through modulating the 
activity of respiratory neurons. Excessive stress alters the membrane 
properties, strength of neuro-modulation in respiratory neurons.17
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Effect of stress on musculoskeletal system 

Increase in muscle tension is a reflex phenomenon to protect an 
individual from injury and pain. However chronic exposure to stress 
causes prolonged increase in muscle tension and promotes musculo-
skeletal disorders.18 The muscles of shoulders, muscles of the neck and 
jaw, accessory muscles of respiration and diaphragm are commonly 
affected due to stress.19

Effect of stress on blood 

Stress induced changes in blood cell parameters are well 
documented.20 It was studied that, stress induced release of cortisol 
decreases the eosinophils by increasing their sequestration in spleen 
and also decreases the number of basophils whereas stress increases 
number of neutrophils, platelets and red blood cells.21

Effect of stress on immune system

Activation of HPA axis during stress modulates both innate and 
adaptive immunity through increase in secretion of glucocorticoids. 
Cortisol modulates number and function of leucocytes, decreases 
production of cytokines, inhibits pro-inflammatory pathways in target 
tissues. Hence, chronic activation of HPA axis increases susceptibility 
to infections and tumors. Activation of autonomic system during stress 
has direct suppressive action on immune cells/organs. Glucocorticoids 
and catecholamines modulate balance between T helper-1 versus T 
helper-2 responses.22,23

Effect of stress on gastro intestinal system

Stress suppresses gastric emptying by inhibiting dorsal vagal 
complex and increases colonic motor activity through stimulation of 
sacral parasympathetic system. Further stress weakens gastro intestinal 
barrier and increases gastrointestinal permeability and contributes to 
inflammatory bowel disease. Chronic stress decreases pain threshold 
for visceral sensations in patients with gastro intestinal disorders.24–27 
Stress has negative impact on oral health as there is a decrease in 
the salivary flow rates, total protein concentration was observed in 
stressful conditions.28 Further, stress contributes to increase in the 
salivary cortisol and PH.29

Effect of stress on metabolism

Stress increases catabolism of glucose, lipids and proteins and 
simultaneously inhibits anabolic actions of growth hormone, insulin 
and sex steroids. This action of stress may be beneficial for short term 
basis to cope up with stressor. However, chronic activation of stress 
axis leads to metabolic syndrome through activation of HPA, LC/
NE sympathetic adrenal system and changes in health behavior. HPA 
axis activation increases gluconeogenesis in liver, increases plasma 
glucose levels, increases lipolysis, increases protein breakdown at 
skeletal muscles, bone and skin, which leads to visceral obesity, insulin 
resistance, atherosclerosis, decreases osteoblastic activity, muscle and 
bone mass. Further, chronic stress causes changes in physical activity 
like following sedentary life style, increased sleeping hours, changes 
in diet habits, which further worsen regulation of metabolic functions 
and increases the incidence of metabolic syndrome.30–33 

Effect of stress on endocrine system 

Stimulation of pituitary-adrenal axis in stress increases secretion 
of corticotrophin releasing hormone (CRH) which increases secretion 
of adrenocorticotropin (ACTH), 8-lipotropin and 3-endorphin. 

Increase in vasopressin secretion during stress potentiates the effect of 
CRH. Stress decreases levels of thyroid hormones through inhibition 
of thyroid-stimulating hormone secretion. Increase in the growth 
hormone secretion was reported followed by physical stress. GH 
responses for psychological stress was not well reported. Prolactin 
levels may increase or decrease during stress depending on local 
regulatory mechanisms. However, the role of altered prolactin levels 
is still unclear. Decrease in insulin secretion was observed in stress 
which may contribute for stress induced increase in blood glucose 
levels.34–40

Effect of stress on reproductive system 

Though stress was reported to have negative impact on 
reproductive system, but the underlying mechanism was not clear. 
CRH and glucocorticoids exerts inhibitory effect on gonadotropin-
releasing hormone (GnRH) neurons, pituitary gonadotrophs and 
gonads directly and indirectly. As a result, the production of steroid 
hormones will be decreased at gonads that lead to amenorrhea of 
stress in females and decreased libido and hypo-fertility in males.41,42

Conclusion
Stress contributes to development of many diseases and 

consequently decreases quality of life. As stress is unavoidable in 
present day life style, it must be managed effectively to improve the 
quality of life. Hence it is essential to understand the effects of stress 
on different body systems to develop effective interventions for stress 
management.
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