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ABSTRACT  

Any intrinsic or extrinsic stimulus that evokes a biological response is known as stress. The compensatory re-
sponses to these stresses are known as stress responses. Based on the type, timing and severity of the applied 
stimulus, stress can exert various actions on the body ranging from alterations in homeostasis to life-threatening 
effects and death. In many cases, the pathophysiological complications of disease arise from stress and the subjects 
exposed to stress, e.g. those that work or live in stressful environments, have a higher likelihood of many disorders. 
Stress can be either a triggering or aggravating factor for many diseases and pathological conditions. In this study, 
we have reviewed some of the major effects of stress on the primary physiological systems of humans. 
 
Keywords: stress, physiology, homeostasis 
 
 
 
STRESS AND THE BRAIN FUNCTION 

COMPLICATIONS 

For a long time, researchers suggested 
that hormones have receptors just in the pe-
ripheral tissues and do not gain access to the 
central nervous system (CNS) (Lupien and 
Lepage, 2001). However, observations have 
demonstrated the effect of anti-inflammatory 
drugs (which are considered synthetic hor-
mones) on behavioral and cognitive disorders 

and the phenomenon called “Steroid psycho-
sis” (Clark et al., 1952). In the early sixties, 
neuropeptides were recognized as compounds 
devoid of effects on the peripheral endocrine 
system. However, it was determined that hor-
mones are able to elicit biological effects on 
different parts of the CNS and play an im-
portant role in behavior and cognition (De 
Kloet, 2000). In 1968, McEven suggested for 
the first time that the brain of rodents is capa-
ble of responding to glucocorticoid (as one of 
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the operators in the stress cascade). This hy-
pothesis that stress can cause functional 
changes in the CNS was then accepted 
(McEwen et al., 1968). From that time on, two 
types of corticotropic receptors (glucocortico-
steroids and mineralocorticoids) were recog-
nized (de Kloet et al., 1999). It was deter-
mined that the affinity of glucocorticosteroid 
receptors to cortisol and corticosterone was 
about one tenth of that of mineralocorticoids 
(de Kloet et al., 1999). The hippocampus area 
has both types of receptors, while other points 
of the brain have only glucocorticosteroid re-
ceptors (de Kloet et al., 1999).  

The effects of stress on the nervous sys-
tem have been investigated for 50 years 
(Thierry et al., 1968). Some studies have 
shown that stress has many effects on the hu-
man nervous system and can cause structural 

changes in different parts of the brain (Lupien 
et al., 2009). Chronic stress can lead to atro-
phy of the brain mass and decrease its weight 
(Sarahian et al., 2014). These structural 
changes bring about differences in the re-
sponse to stress, cognition and memory 
(Lupien et al., 2009). Of course, the amount 
and intensity of the changes are different ac-
cording to the stress level and the duration of 
stress (Lupien et al., 2009). However, it is 
now obvious that stress can cause structural 
changes in the brain with long-term effects on 
the nervous system (Reznikov et al., 2007). 
Thus, it is highly essential to investigate the 
effects of stress on different aspects of the 
nervous system (Table 1). 

 
 
 

 
 

 

Table 1: Destructive effects of stress of CNS function 

 
Aspects of 
function  

Main Area  
involved 

Structural Changes Functional Changes 

Stress 
and 
brain  

Memory 

Hippocampus 
(Glucocorticoid 
receptors) 

atrophy and neurogenesis 
disorders (Lupien et al., 
2001), decreasing dendritic 
branches (Woolley et al., 
1990), decreasing the num-
ber of neurons and synaptic 
terminals altering (Sapolsky 
et al., 1990), decreasing 
neurogenesis in hypocam-
pus (Gould et al., 1998), re-
duction in hypocampus vol-
ume (Bremner, 1999), modi-
fying LTP (Seeman et al., 
1997) 

declarative memory dis-
orders (Lupien et al., 
2001), reduction in spa-
tial memory (Luine et 
al., 1994), weakening 
verbal memory, disturb-
ance in hippocampus-
dependent loading data 
(Bremner, 1999) 

Amygdala (Nora-
drenaline) 

Cognition 
and Learn-
ing 

hippocampus, 
amygdala and 
temporal lobe 

neurodegenerative pro-
cesses activation (Li et al., 
2008) 

reducing of cognition 
(Scholey et al., 2014), 
making behavioral, cog-
nitive and mood disor-
ders (Li et al., 2008), 
disorders in hippocam-
pus-related cognition 
(Borcel et al., 2008), 
decreasing the reaction 
time (Lupien et al., 
2002) 
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STRESS AND MEMORY  

Memory is one of the important functional 
aspects of the CNS and it is categorized as 
sensory, short term, and long-term. Short term 
memory is dependent on the function of the 
frontal and parietal lobes, while long-term 
memory depends on the function of large ar-
eas of the brain (Wood et al., 2000). However, 
total function of memory and the conversion 
of short term memory to long-term memory 
are dependent on the hippocampus; an area of 
the brain that has the highest density of gluco-
corticosteroid receptors and also represents 
the highest level of response to stress (Sco-
ville and Milner, 1957; Asalgoo et al., 2015). 
Therefore, during the past several decades, 
the relationship between the hippocampus 
and stress have been hotly debated (Asalgoo 
et al., 2015; Lupien and Lepage, 2001). In 
1968, it was proven that there were cortisol 
receptors in the hippocampus of rats 
(McEwen et al., 1968). Later, in 1982, by us-
ing specific agonists of glucocorticosteroid 
and mineralocorticoid receptors, the existence 
of these two receptors in the brain and hippo-
campus area of rats was proven (Veldhuis et 
al., 1982). It should also be noted that the 
amygdala is very important to assessing the 
emotional experiences of memory (Roozen-
daal et al., 2009).  

The results of past studies have demon-
strated the effect of stress on the process of 
memory (Ghodrat et al., 2014). Various stud-
ies have shown that stress can cause func-
tional and structural changes in the hippocam-
pus section of the brain (McEwen, 1999). 
These structural changes include atrophy and 
neurogenesis disorders (Lupien and Lepage, 
2001). Also, chronic stress and, consequently, 
an increase in plasma cortisol, leads to a re-
duction in the number of dendritic branches 
(Woolley et al., 1990) and the number of neu-
rons (Sapolsky et al., 1990), as well as struc-
tural changes in synaptic terminals (Sapolsky 
et al., 1990) and decreased neurogenesis in 
the hippocampus tissue (Gould et al., 1998). 
Glucocorticosteroids can induce these 
changes by either effecting the cellular metab-
olism of neurons (Lawrence and Sapolsky, 

1994), or increasing the sensitivity of hippo-
campus cells to stimulatory amino acids 
(Sapolsky and Pulsinelli, 1985) and/or in-
creasing the level of extracellular glutamate 
(Sapolsky and Pulsinelli, 1985). 

High concentrations of stress hormones 
can cause declarative memory disorders 
(Lupien and Lepage, 2001). Animal studies 
have shown that stress can cause a reversible 
reduction in spatial memory as a result of at-
rophy of the hippocampus (Luine et al., 
1994). In fact, high plasma concentrations of 
glucocorticosteroids for extended periods of 
time can cause atrophy of the hippocampus 
leading to memory disorders (Issa et al., 
1990). Additionally, people with either Cush-
ing’s syndrome (with an increased secretion 
of glucocorticosteroids), or people who re-
ceive high dosages of exogenous synthetic 
anti-inflammatory drugs, are observed to have 
atrophy of the hippocampus and associated 
memory disorders (Ling et al., 1981). MRI 
images taken from the brains of people with 
post-traumatic stress disorder (PTSD) have 
demonstrated a reduction in the volume of the 
hippocampus along with neurophysiologic ef-
fects such as a weak verbal memory 
(Bremner, 1999). Several human studies have 
suggested that even common therapeutic 
doses of glucocorticosteroids and dexame-
thasone can cause problems with explicit 
memory (Keenan et al., 1995; Kirschbaum et 
al., 1996). Thus, there is an inverse relation-
ship between the level of cortisol and memory 
(Ling et al., 1981), such that increasing levels 
of plasma cortisol following prolonged stress 
leads to a reduction in memory (Kirschbaum 
et al., 1996), which improves when the level 
of plasma cortisol decreases (Seeman et al., 
1997).  

Stress also has negative effects on learn-
ing. Results from hippocampus-dependent 
loading data demonstrate that subjects are not 
as familiar with a new environment after hav-
ing been exposed to a new environment 
(Bremner, 1999). Moreover, adrenal steroids 
lead to alteration in long-term potentiation 
(LTP), which is an important process in 
memory formation (Bliss and Lømo, 1973).  
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Two factors are involved in the memory 
process during stress. The first is noradrena-
line, which creates emotional aspects of mem-
ories in the basolateral amygdala area (Joëls 
et al., 2011). Secondly, this process is facili-
tated by corticosteroids. However, if the re-
lease of corticosteroids occurs a few hours 
earlier, it causes inhibition of the amygdala 
and corresponding behaviors (Joëls et al., 
2011). Thus, there is a mutual balance be-
tween these two hormones for creating a re-
sponse in the memory process (Joëls et al., 
2011).  

Stress does not always affect memory. 
Sometimes, under special conditions, stress 
can actually improve memory (McEwen and 
Lupien, 2002). These conditions include non-
familiarity, non-predictability, and life-threat-
ening aspects of imposed stimulation. Under 
these specific conditions, stress can temporar-
ily improve the function of the brain and, 
therefore, memory. In fact, it has been sug-
gested that stress can sharpen memory in 
some situations (Schwabe et al., 2010). For 
example, it has been shown that having to 
take a written examination can improve 
memory for a short period of time in exami-
nation participants. Interestingly, this condi-
tion is associated with a decrease in the level 
of cortisol in the saliva (Vedhara et al., 2000). 
Other studies have shown that impending 
stress before learning occurs can also lead to 
either an increase in the power of memory 
(Domes et al., 2002; Schwabe et al., 2008), or 
decrease in the capacity for memory 
(Diamond et al., 2006; Kirschbaum et al., 
1996). This paradox results from the type of 
imposed stress and either the degree of emo-
tional connection to the stressful event (Payne 
et al., 2007; Diamond et al., 2007), or the pe-
riod of time between the imposing stress and 
the process of learning (Diamond et al., 
2007).  

The process of strengthening memory is 
usually reinforced after stress (Schwabe et al., 
2012). Various studies on animal and human 
models have shown that administration of ei-
ther glucocorticosteroids, or stress shortly af-
ter learning has occurred facilitates memory 

(Schwabe et al., 2012). Also, it has been 
shown that glucocorticosteroids (not mineral-
ocorticoids) are necessary to improve learn-
ing and memory (Lupien et al., 2002). How-
ever, the retrieval of events in memory after 
exposure to stress will be decreased (Schwabe 
et al., 2012), which may result from the com-
petition of updated data for storage in 
memory in a stressful state (de Kloet et al., 
1999). Some investigations have shown that 
either exposure to stress, or injection of glu-
cocorticosteroids before a test to assess reten-
tion, decreases the power of memory in hu-
mans and rodents (Schwabe and Wolf, 2009). 

In summary, it has been concluded that 
the effect of stress on memory is highly de-
pendent on the time of exposure to the stress-
ful stimulus and, in terms of the timing of the 
imposed stress, memory can be either better 
or worse (Schwabe et al., 2012). Moreover, 
recent studies have shown that using a spe-
cific-timed schedule of exposure to stress not 
only affects hippocampus-dependent 
memory, but also striatum-dependent 
memory, which highlights the role of timing 
of the imposed stressful stimulus (Schwabe et 
al., 2010). 
 

STRESS, COGNITION AND  
LEARNING  

Cognition is another important feature of 
brain function. Cognition means reception 
and perception of perceived stimuli and its in-
terpretation, which includes learning, deci-
sion making, attention, and judgment (Sandi, 
2013). Stress has many effects on cognition 
that depend on its intensity, duration, origin, 
and magnitude (Sandi, 2013). Similar to 
memory, cognition is mainly formed in the 
hippocampus, amygdala, and temporal lobe 
(McEwen and Sapolsky, 1995). The net effect 
of stress on cognition is a reduction in cogni-
tion and thus, it is said that any behavioral 
steps undertaken to reduce stress leads to in-
crease in cognition (Scholey et al., 2014). In 
fact, stress activates some physiological sys-
tems, such as the autonomic nervous system, 
central neurotransmitter and neuropeptide 
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system, and the hypothalamus-pituitary-ad-
renal axis, which have direct effects on neural 
circuits in the brain involved with data pro-
cessing (Sandi, 2013). Activation of stress re-
sults in the production and release of gluco-
corticosteroids. Because of the lipophilic 
properties of glucocorticosteroids, they can 
diffuse through the blood-brain barrier and 
exert long-term effects on processing and 
cognition (Sandi, 2013). 

It appears that being exposed to stress can 
cause pathophysiologic changes in the brain, 
and these changes can be manifested as be-
havioral, cognitive, and mood disorders (Li et 
al., 2008). In fact, studies have shown that 
chronic stress can cause complications such 
as increased IL-6 and plasma cortisol, but de-
creased amounts of cAMP responsive ele-
ment binding protein and brain-derived neu-
rotrophic factor (BDNF), which is very simi-
lar to what is observed in people with depres-
sion and mood disorders that exhibit a wide 
range of cognitive problems (Song et al., 
2006). Additionally, the increased concentra-
tions of inflammatory factors, like interleu-
kins and TNF-α (which play an important role 
in creating cognitive disorders), proves a 
physiologic relationship between stress and 
mood-based cognitive disorders (Solerte et 
al., 2000; Marsland et al., 2006; Li et al., 
2008). Studies on animals suggest that cogni-
tive disorders resulting from stress are created 
due to neuroendocrine and neuroamine fac-
tors and neurodegenerative processes (Li et 
al., 2008). However, it should be noted that 
depression may not always be due to the over 
activation of the physiological-based stress 
response (Osanloo et al., 2016). 

Cognitive disorders following exposure to 
stress have been reported in past studies 
(Lupien and McEwen, 1997). Stress has ef-
fects on cognition both acutely (through cate-
cholamines) and chronically (through gluco-
corticosteroids) (McEwen and Sapolsky, 
1995). Acute effects are mainly caused by 
beta-adrenergic effects, while chronic effects 
are induced in a long-term manner by changes 
in gene expression mediated by steroids 
(McEwen and Sapolsky, 1995). In general, 

many mechanisms modulate the effects of 
stress on cognition (McEwen and Sapolsky, 
1995; Mendl, 1999). For instance, adrenal 
steroids affect the function of the hippocam-
pus during cognition and memory retrieval in 
a biphasic manner (McEwen and Sapolsky, 
1995). In chronic stress, these steroids can de-
stroy neurons with other stimulatory neuro-
transmitters (Sandi, 2013). Exposure to stress 
can also cause disorders in hippocampus-re-
lated cognition; specifically, spatial memory 
(Borcel et al., 2008; Sandi et al., 2003). Addi-
tionally, stress can halt or decrease the genesis 
of neurons in the dentate gyrus area of the hip-
pocampus (this area is one of the limited brain 
areas in which neurogenesis occurs in adults) 
(Gould and Tanapat, 1999; Köhler et al., 
2010). Although age is a factor known to af-
fect cognition, studies on animals have 
demonstrated that young rats exposed to high 
doses of adrenal steroids show the same level 
of decline in their cognition as older adult an-
imals with normal plasma concentrations of 
glucocorticoids (Landfield et al., 1978). Also, 
a decrease in the secretion of glucocortico-
steroids causes preservation of spatial 
memory in adults and has also been shown to 
have neuroprotective effects (Montaron et al., 
2006). Other studies have shown that stress 
(or the injection of adrenal steroids) results in 
varied effects on cognition. For instance, in-
jection of hydrocortisone at the time of its 
maximum plasma concentration (in the after-
noon) leads to a decrease in reaction time and 
improves cognition and memory (Lupien et 
al., 2002).  

In summary, the adverse effects of stress 
on cognition are diverse and depend on the 
type, timing, intensity, and duration (Sandi, 
2013). Generally, it is believed that mild 
stress facilitates an improvement in cognitive 
function, especially in the case of virtual or 
verbal memory. However, if the intensity of 
stress passes beyond a predetermined thresh-
old (which is different in each individual), it 
causes cognitive disorders, especially in 
memory and judgment. The disruption to 
memory and judgment is due to the effects of 
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stress on the hippocampus and prefrontal cor-
tex (Sandi, 2013). Of course, it must be real-
ized that factors like age and gender may also 
play a role in some cognitive disorders (Sandi, 
2013). Importantly, it should be emphasized 
that different people may exhibit varied re-
sponses in cognition when exposed to the 
very same stressful stimulus (Hatef et al., 
2015). 

 
STRESS AND IMMUNE SYSTEM 

FUNCTIONS  

The relationship between stress and the 
immune system has been considered for dec-
ades (Khansari et al., 1990; Dantzer and 
Kelley, 1989). The prevailing attitude be-
tween the association of stress and immune 
system response has been that people under 
stress are more likely to have an impaired im-
mune system and, as a result, suffer from 
more frequent illness (Khansari et al., 1990). 
Also, old anecdotes describing resistance of 
some people to severe disease using the 
power of the mind and their thought pro-
cesses, has promoted this attitude (Khansari et 
al., 1990). In about 200 AC, Aelius Galenus 
(Galen of Pergamon) declared that melan-
cholic women (who have high levels of stress 
and, thus, impaired immune function) are 
more likely to have cancer than women who 
were more positive and exposed to less stress 
(Reiche et al., 2004). This may be the first rec-
orded case about the relationship between the 
immune system and stress. In an old study in 
the early 1920’s, researchers found that the 
activity of phagocytes in tuberculosis de-
creased when emotional stress was induced. 
In fact, it was also suggested that living with 
stress increases the risk of tuberculosis by 
suppressing the immune system (Ishigami, 
1919). Following this study, other researchers 
suggested that the probability of disease ap-
pearance increases following a sudden, major, 
and extremely stressful life style change 
(Holmes and Rahe, 1967; Calabrese et al., 
1987).  

Over the past several decades, there have 
been many studies investigating the role of 
stress on immune system function (Dantzer 

and Kelley, 1989; Segerstrom and Miller, 
2004). These studies have shown that stress 
mediators can pass through the blood-brain 
barrier and exert their effects on the immune 
system (Khansari et al., 1990). Thus, the ef-
fect of stress on the immune system is now an 
accepted relationship or association. 

Stress can affect the function of the im-
mune system by modulating processes in the 
CNS and neuroendocrine system (Khansari et 
al., 1990; Kiecolt-Glaser and Glaser, 1991). 
Following stress, some neuroendocrine and 
neural responses result in the release of corti-
cotropin-releasing hormone (CRH), adreno-
corticotropic hormone (ACTH), and other 
stress mediators (Carrasco and Van de Kar, 
2003). However, evidence suggests that the 
lymphatic system, which is a part of the im-
mune system, also plays a role in releasing 
these mediators (Khansari et al., 1990). For 
instance, thymus peptides, such as thymopen-
tine, thymopoietin, and thymosin fraction-5, 
cause an increase in ACTH production (Goya 
et al., 1993). Additionally, the existence of 
CRH in thymus has been proven (Redei, 
1992). It has also been proven that interleu-
kin-1 released from phagocytes has a role in 
ACTH secretion (Berkenbosch et al., 1987). 
On the other hand, natural or synthetic gluco-
corticosteroids (which are the final stress op-
erators) are known as anti-inflammatory 
drugs and immune suppressants and their role 
in the inhibition of lymphocytes and macro-
phages has been demonstrated as well 
(Elenkov et al., 1999; Reiche et al., 2004). 
Moreover, their role in inhibiting the produc-
tion of cytokines and other immune mediators 
and decreasing their effect on target cells dur-
ing exposure to stress has also been deter-
mined (Reiche et al., 2004). 

In addition to adrenal steroids, other hor-
mones are affected during stress. For exam-
ple, the secretion of growth hormone will be 
halted during severe stress. A study showed 
that long-term administration of CRH into the 
brain ventricles leads to a cessation in the re-
lease of growth hormone (Rivier and Vale, 
1985). Stress also causes the release of opioid 
peptides to be changed during the time period 
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over which the person is exposed to stress 
(McCarthy et al., 2001). In fact, stress modi-
fies the secretion of hormones that play a crit-
ical role in the function of the immune system 
(Khansari et al., 1990). To date, it has been 
shown that various receptors for a variety of 
hormones involved in immune system func-
tion are adversely affected by stress. For ex-
ample, ACTH, vasoactive intestinal peptide 
(VIP), substance P, growth hormone, prolac-
tin, and steroids all have receptors in various 
tissues of the immune system and can modu-
late its function (De la Fuente et al., 1996; 
Gala, 1991; Mantyh, 1991). In addition, ac-
tive immune cells are also able to secrete sev-
eral hormones; thus, some researchers believe 
that these hormones, as mediators of immune 
system, play a significant role in balancing its 
function (Blalock et al., 1985). 

Severe stress can lead to malignancy by 
suppressing the immune system (Reiche et al., 
2004). In fact, stress can decrease the activity 
of cytotoxic T lymphocytes and natural killer 
cells and lead to growth of malignant cells, 
genetic instability, and tumor expansion 
(Reiche et al., 2004). Studies have shown that 
the plasma concentration of norepinephrine, 
which increases after the induction stress, has 
an inverse relationship with the immune func-
tion of phagocytes and lymphocytes (Reiche 
et al., 2004). Lastly, catecholamines and opi-
oids that are released following stress have 
immune-suppressing properties (Reiche et al., 
2004).  
 
STRESS AND THE FUNCTION OF THE 

CARDIOVASCULAR SYSTEM  

The existence of a positive association be-
tween stress and cardiovascular disease has 
been verified (Rozanski et al., 1999). Stress, 
whether acute or chronic, has a deleterious ef-
fect on the function of the cardiovascular sys-
tem (Rozanski et al., 1999; Kario et al., 2003; 
Herd, 1991). The effects of stress on the car-
diovascular system are not only stimulatory, 
but also inhibitory in nature (Engler and 
Engler, 1995). It can be postulated that stress 
causes autonomic nervous system activation 

and indirectly affects the function of the car-
diovascular system (Lazarus et al., 1963; 
Vrijkotte et al., 2000). If these effects occur 
upon activation of the sympathetic nervous 
system, then it mainly results in an increase in 
heart rate, strength of contraction, vasodila-
tion in the arteries of skeletal muscles, a nar-
rowing of the veins, contraction of the arteries 
in the spleen and kidneys, and decreased so-
dium excretion by the kidneys (Herd, 1991). 
Sometimes, stress activates the parasympa-
thetic nervous system (Pagani et al., 1991). 
Specifically, if it leads to stimulation of the 
limbic system, it results in a decrease, or even 
a total stopping of the heart-beat, decreased 
contractility, reduction in the guidance of im-
pulses by the heart stimulus-transmission net-
work, peripheral vasodilatation, and a decline 
in blood pressure (Cohen et al., 2000). Fi-
nally, stress can modulate vascular endothe-
lial cell function and increase the risk of 
thrombosis and ischemia, as well as increase 
platelet aggregation (Rozanski et al., 1999). 

The initial effect of stress on heart func-
tion is usually on the heart rate (Vrijkotte et 
al., 2000). Depending upon the direction of 
the shift in the sympatho-vagal response, the 
heart beat will either increase or decrease 
(Hall et al., 2004). The next significant effect 
of stress on cardiovascular function is blood 
pressure (Laitinen et al., 1999). Stress can 
stimulate the autonomic sympathetic nervous 
system to increase vasoconstriction, which 
can mediate an increase in blood pressure, an 
increase in blood lipids, disorders in blood 
clotting, vascular changes, atherogenesis; all, 
of which, can cause cardiac arrhythmias and 
subsequent myocardial infarction (Rozanski 
et al., 1999; Vrijkotte et al., 2000; Sgoifo et 
al., 1998). These effects from stress are ob-
served clinically with atherosclerosis and 
leads to an increase in coronary vasocon-
striction (Rozanski et al., 1999). Of course, 
there are individual differences in terms of the 
level of autonomic-based responses due to 
stress, which depends on the personal charac-
teristics of a given individual (Rozanski et al., 
1999). Thus, training programs for stress 
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management are aimed at reducing the conse-
quences of stress and death resulting from 
heart disease (Engler and Engler, 1995). In 
addition, there are gender-dependent differ-
ences in the cardiovascular response to stress 
and, accordingly, it has been estimated that 
women begin to exhibit heart disease ten 
years later that men, which has been attributed 
to the protective effects of the estrogen hor-
mone (Rozanski et al., 1999). 

Studies have shown that psychological 
stress can cause alpha-adrenergic stimulation 
and, consequently, increase heart rate and ox-
ygen demand (Rozanski et al., 1998, 1999; 
Jiang et al., 1996). As a result, coronary vas-
oconstriction is enhanced, which may in-
crease the risk of myocardial infarction 
(Yeung et al., 1991; Boltwood et al., 1993; 
Dakak et al., 1995). Several studies have 
demonstrated that psychological stress de-
creases the microcirculation in the coronary 
arteries by an endothelium-dependent mecha-
nism and increases the risk of myocardial in-
farction (Dakak et al., 1995). On the other 
hand, mental stress indirectly leads to poten-
tial engagement in risky behaviors for the 
heart, such as smoking, and directly leads to 
stimulation of the neuroendocrine system as 
part of the autonomic nervous system 
(Hornstein, 2004). It has been suggested that 
severe mental stress can result in sudden 
death (Pignalberi et al., 2002). Generally, 
stress-mediated risky behaviors that impact 
cardiovascular health can be summarized into 
five categories: an increase in the stimulation 
of the sympathetic nervous system, initiation 
and progression of myocardial ischemia, de-
velopment of cardiac arrhythmias, stimula-
tion of platelet aggregation, and endothelial 
dysfunction (Wu, 2001). 

 
STRESS AND GASTROINTESTINAL 

COMPLICATIONS  

The effects of stress on nutrition and the 
gastrointestinal (GI) system can be summa-
rized with two aspects of GI function. 

First, stress can affect appetite (Bagheri 
Nikoo et al., 2014; Halataei et al., 2011; 
Ranjbaran et al., 2013). This effect is related 

to involvement of either the ventral tegmental 
area (VTA), or the amygdala via N-methyl-D-
aspartate (NMDA) glutamate receptors 
(Nasihatkon et al., 2014; Sadeghi et al., 2015). 
However, it should also be noted that nutrition 
patterns have effects on the response to stress 
(Ghanbari et al., 2015), and this suggests a bi-
lateral interaction between nutrition and 
stress.  

Second, stress adversely affects the nor-
mal function of GI tract. There are many stud-
ies concerning the effect of stress on the func-
tion of the GI system (Söderholm and Perdue, 
2001; Collins, 2001). For instance, studies 
have shown that stress affects the absorption 
process, intestinal permeability, mucus and 
stomach acid secretion, function of ion chan-
nels, and GI inflammation (Collins, 2001; 
Nabavizadeh et al., 2011). Stress also in-
creases the response of the GI system to in-
flammation and may reactivate previous in-
flammation and accelerate the inflammation 
process by secretion of mediators such as sub-
stance P (Collins, 2001). As a result, there is 
an increase in the permeability of cells and re-
cruitment of T lymphocytes. Lymphocyte ag-
gregation leads to the production of inflam-
matory markers, activates key pathways in the 
hypothalamus, and results in negative feed-
back due to CRH secretion, which ultimately 
results in the appearance of GI inflammatory 
diseases (Collins, 2001). This process can re-
activate previous silent colitis (Million et al., 
1999; Qiu et al., 1999). Mast cells play a cru-
cial role in stress-induced effects on the GI 
system, because they cause neurotransmitters 
and other chemical factors to be released that 
affect the function of the GI system (Konturek 
et al., 2011). 

Stress can also alter the functional physi-
ology of the intestine (Kiliaan et al., 1998). 
Many inflammatory diseases, such as Crohn’s 
disease and other ulcerative-based diseases of 
the GI tract, are associated with stress 
(Hommes et al., 2002). It has been suggested 
that even childhood stress can lead to these 
diseases in adulthood (Schwartz and 
Schwartz, 1983). Irritable bowel syndrome, 
which is a disease with an inflammatory 
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origin, is highly related to stress 
(Gonsalkorale et al., 2003). Studies on vari-
ous animals suggest the existence of inflam-
matory GI diseases following induction of se-
vere stress (Qiu et al., 1999; Collins et al., 
1996). Additionally, pharmacological inter-
ventions, in an attempt to decrease the re-
sponse of CRH to stress, have been shown to 
result in an increase in GI diseases in rats 
(Million et al., 1999). 

Altering the permeability of the mucosal 
membrane by perturbing the functions of mu-
cosal mast cells may be another way that 

stress causes its effects on the GI system, 
since this is a normal process by which harm-
ful and toxic substances are removed from the 
intestinal lumen (Söderholm and Perdue, 
2001). Also, stress can both decrease the re-
moval of water from the lumen, as well as in-
duce sodium and chloride secretion into the 
lumen. This most likely occurs by increasing 
the activity of the parasympathetic nervous 
system (Barclay and Turnberg, 1987). More-
over, physical stress, such as trauma or sur-
gery, can increase luminal permeability 
(Söderholm and Perdue, 2001) (Table 2).  

 
 
Table 2: Stress has various effects on the function of GI system 

 
Aspects of stress  
effects on GI 

Part, Area or  
receptors  
involved in 

Detailed effects  

Stress and GI 
system  

Appetite Modifying 

Ventral tegmen-
tal area, Amyg-
dala (NMDA Glu-
tamate recep-
tors) 

Anorexia induction (Halataei et 
al., 2011), Reduces food and 
water intake (Ranjbaran et al., 
2013) 

GI Tract Movement 

CRH-2 receptors 
in stomach, 
CRH-1 and 5HT-
3 receptors in 
Colon   

Prevents stomach emptying, 
accelerates the colon move-
ment (Mönnikes et al., 2001), 
increases the movements of 
terminal parts and decreases 
the initial part of GI tract (Mön-
nikes et al., 2001)  

Digestive functions 
Parasympathetic 
system  

Modifying absorption, intestinal 
permeability, mucus and stom-
ach acid secretion and function 
of ion channels (Collins, 2001; 
Nabavizadeh et al., 2011), de-
creases the water reabsorption 
from lumen and induces so-
dium and chloride secretion 
into the lumen (Barclay and 
Turnberg, 1987)  

GI system inflammation 
T Lymphocytes 
activation, cyto-
kines releasing  

Increasing inflammation by 
substance P secretion (Collins, 
2001), retrieving T Lympho-
cytes (Collins, 2001), reactivate 
silent previous colitis (Million et 
al., 1999), induces irritable 
bowel syndrome (Gonsalkorale 
et al., 2003) 
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Stress also affects movement of the GI 
tract. In this way, it prevents stomach empty-
ing and accelerates colonic motility 
(Mönnikes et al., 2001). In the case of irritable 
bowel syndrome, stress increases the move-
ment (contractility and motility) of the large 
intestine (Mönnikes et al., 2001). Previous 
studies have revealed that CRH increases 
movement in the terminal sections of the GI 
tract and decreases the movements in the 
proximal sections of the GI tract (Mönnikes et 
al., 2001). A delay in stomach emptying is 
likely accomplished through CRH-2 recep-
tors, while type 1 receptors affect the colon 
(Mönnikes et al., 2001). The effects produced 
by CRH are so prominent that CRH is now 
considered an ideal candidate for the treat-
ment of irritable bowel syndrome (Martinez 
and Taché, 2006). When serotonin is released 
in response to stress (Chaouloff, 2000), it 
leads to an increase in the motility of the co-
lon by stimulating 5HT-3 receptors 
(Mönnikes et al., 2001). Moreover, it has also 
been suggested that stress, especially mental 
and emotional types of stress, increase vis-
ceral sensitivity and activate mucosal mast 
cells (Mönnikes et al., 2001). Stimulation of 
the CNS by stress has a direct effect on GI-
specific nervous system (i.e., the myenteric 
system or plexus) and causes the above men-
tioned changes in the movements of the GI 
tract (Bhatia and Tandon, 2005). In fact, stress 
has a direct effect on the brain-bowel axis 
(Konturek et al., 2011). Various clinical stud-
ies have suggested a direct effect of stress on 
irritable bowel syndrome, intestinal inflam-
mation, and peptic ulcers (Konturek et al., 
2011). 

In conclusion, the effects of stress on the 
GI system can be classified into six different 
actions: GI tract movement disorders, in-
creased visceral irritability, altered rate and 
extent of various GI secretions, modified per-
meability of the intestinal barrier, negative ef-
fects on blood flow to the GI tract, and in-
creased intestinal bacteria counts (Konturek 
et al., 2011). 

STRESS AND THE ENDOCRINE  
SYSTEM 

There is a broad and mutual relationship 
between stress and the endocrine system. On 
one hand, stress has many subtle and complex 
effects on the activity of the endocrine system 
(Sapolsky, 2002; Charmandari et al., 2005), 
while on the other hand, the endocrine system 
has many effects on the response to stress 
(Ulrich-Lai and Herman, 2009; Selye, 1956). 
Stress can either activate, or change the activ-
ity of, many endocrine processes associated 
with the hypothalamus, pituitary and adrenal 
glands, the adrenergic system, gonads, thy-
roid, and the pancreas (Tilbrook et al., 2000; 
Brown-Grant et al., 1954; Thierry et al., 1968; 
Lupien and McEwen, 1997). In fact, it has 
been suggested that it is impossible to sepa-
rate the response to stress from the functions 
of the endocrine system. This premise has 
been advanced due to the fact that even a min-
imal amount of stress can activate the hypo-
thalamic-pituitary-adrenal axis, which itself is 
intricately involved with the activation of sev-
eral different hormone secreting systems 
(Sapolsky, 2002). In different locations 
throughout this article, we have already dis-
cussed the effects of stress on hormones and 
various endocrine factors and, thus, they will 
not be further addressed. 

 
CONCLUSION 

Altogether, stress may induce both bene-
ficial and harmful effects. The beneficial ef-
fects of stress involve preserving homeostasis 
of cells/species, which leads to continued sur-
vival. However, in many cases, the harmful 
effects of stress may receive more attention or 
recognition by an individual due to their role 
in various pathological conditions and dis-
eases. As has been discussed in this review, 
various factors, for example, hormones, neu-
roendocrine mediators, peptides, and neuro-
transmitters are involved in the body’s re-
sponse to stress. Many disorders originate 
from stress, especially if the stress is severe 
and prolonged. The medical community 
needs to have a greater appreciation for the 
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significant role that stress may play in various 
diseases and then treat the patient accordingly 
using both pharmacological (medications 
and/or nutraceuticals) and non-pharmacolog-
ical (change in lifestyle, daily exercise, 
healthy nutrition, and stress reduction pro-
grams) therapeutic interventions. Important 
for the physician providing treatment for 
stress is the fact that all individuals vary in 
their response to stress, so a particular treat-
ment strategy or intervention appropriate for 
one patient may not be suitable or optimal for 
a different patient. 
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