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Abstract
The interest in the human body physiological capacity to 
adapt to extreme heat and cold conditions has increased 
enormously in the last few decades because of global 
warming and the consequent changing temperatures. The 
human body has multiple thermoregulatory mechanisms to 
counter the external extreme temperatures whose main ob-
jective is to keep temperature homeostasis within normal 
values. As exposure time to these stressful conditions in-
creases and the external temperature becomes even more 
extreme, the body systems start adapting to its environment 
progressively. All of the adaptations, at the beginning of the 
exposure somewhat irrelevant, may become very important 
since they can affect all of the body systems in a negative 
manner and finally, compromise life. Clinically, all of these 
responses and adaptations are manifested through clinical 
signs and symptoms. The purpose of this paper is to dis-
cuss how human physiology adapts during extreme heat 
and cold conditions to maintain temperature homeostasis 
and its consequences when this cannot be achieved.
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limits [1-3]. Human beings can often tolerate extreme 
temperatures well above their thermal balance limits 
for abbreviated exposure times, which may vary de-
pending on the individual’s thermoregulatory response 
robustness and the environmental characteristics. De-
scribed clinical cases have backed up this argument [4].

Temperature is a variable that plays a crucial role 
in human’s health and the diseases it suffers. Because 
of its importance, body temperature homeostasis is of 
paramount relevance for optimal cellular function and 
therefore, human’s species subsistence. In medicine, 
and especially when talking about physiology and how 
it is affected by temperature, internal organ tempera-
ture is the most relevant aspect to take into consider-
ation. This internal organ temperature is referred as 
body core temperature (Tc). Although measurement of 
the pulmonary artery temperature through a thermis-
tor seems to be the gold standard, rectal thermometry 
has evolved as the clinical standard method for deter-
mining core temperature [1]. From now on, body tem-
perature and body core temperature will be used indif-
ferently and when referring to temperature, we will be 
referring to ambient temperature, which is defined as 
the temperature of the surrounding environment, unal-
tered by direct human intervention [5].

Climate change is widely acknowledged to be one of 
the most serious global threats to future human pop-
ulation health and international development because 
of the impact it has on earth’s surface temperature [6]. 
Although not all extreme temperature scenarios, which 
affect human beings, are caused by the former, this top-
ic has brought considerable attention in health, climate 
and policy arenas because it does play a very important 
role. A vast amount of research is emerging, evidencing 
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Introduction
In any given environment, for any life form to sur-

vive, certain requirements are needed but even in the 
most adverse conditions, what will surely separate the 
organism’s fate from life and death, it is its capacity to 
adapt to its setting. The human body is well known for 
its ability to acclimatize to adverse and unfavourable 
conditions. It is well documented how many humans 
managed to survive several days in the extreme cold-
ness of the Arctic (e.g. World War II European cam-
paigns) or the severe heat weather climates (e.g. World 
War II Pacific and North African campaigns) without 
adequate equipment, pushing humans physiological 
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from 36.0-40.0 °C as a consequence of physical activity, 
clothing, heat acclimation, circadian rhythms and, what 
we will be referring here, environmental conditions [9].

If neural thermoregulatory mechanisms fail or if ex-
posure to extreme temperatures is sustained, the ther-
moregulatory capacity will fail sooner or later leading to 
body temperatures far from normothermia and finally, 
to life-threatening situations because of the loss of cor-
rect cellular function and their damage [1].

The two most paradigmatic life-menacing states, 
temperature related, are hyperthermia and hypother-
mia.

Hyperthermia definition may vary. Some authors 
define it as an elevated core temperature of 40.5 °C or 
more because of a failure of thermoregulation due to an 
increase in heat production that overwhelms the heat 
dissipating mechanisms [1,10]. Other authors, such as 
Bouchama & Knochel [8], define hyperthermia as “a 
rise in body temperature above the hypothalamic set 
point when heat-dissipating mechanisms are impaired 
(by drugs or disease) or overwhelmed by external (envi-
ronmental or induced) or internal (metabolic) heat” [8]. 
Although both definitions can be considered comple-
mentary, we will be using the former definition since it 
can be clinically demonstrated. According to Cheshire, it 
is clinically manifested by “sweating, flushing, tachycar-
dia, fatigue, light-headedness, headache, paraesthesia, 
muscle cramps, oliguria, nausea, agitation, hypoten-
sion, syncope, confusion, delirium, seizures, and finally, 
coma” [1].

Heat exhaustion and its progression, heatstroke, 
along with dehydration and electrolyte disorders; are 
common during heat waves and are known to consider-
ably increase hospital admissions [11].

The recent elevations in climate temperature are be-
coming a public health issue due to the strong associa-
tion between temperature rise and mortality. Climate 
change is one of the main causes of the increasing tem-
peratures contributing to an increase in mortality, espe-
cially in frail elderly and infants, where the first week of 
life is the most critical window of vulnerability [12,13].

Hypothermia, which is a disorder where body core 
temperature decreases below 35 °C, may be caused by 
a failure in the production of heat and/or due to an ex-
cess in the loss of it [14]. The clinical presentation of 
hypothermia depends on the intensity and duration of 
the signs and symptoms of possible associated patholo-
gies. Cheshire states that “it may present with shivering, 
respiratory depression, cardiac dysrhythmias, impaired 
mental function, mydriasis, hypotension, and muscle 
dysfunction, which can progress to cardiac arrest or 
coma” [1]. Related diseases also influence the progno-
sis. When hypothermia occurs in isolation, mortality is 
6-10%; however, when it is associated with other pa-

how it affects world temperature but more important-
ly, the negative consequences it has on humankind. The 
extreme ambient temperatures will present major chal-
lenges to human adaptation capacity to maintain safe 
Tc, preventing fatal consequences. How global warming 
is originated and how it ends up affecting human pop-
ulation exceeds the aim of this review, hence this topic 
will not be deepened and additional information can be 
found in other reference material [7].

All the human systems play, to greater or lesser 
extent, a role in adapting to extreme temperatures to 
maintain body temperature homeostasis. When in a 
cold environment, all the body systems synergize in or-
der to maintain heat and prevent its loss. The opposite 
case occurs when a person is under hot environmen-
tal stress, where the main goal of the body is to adapt 
to facilitate heat dissipation to prevent elevated, and 
therefore, dangerous Tc. The aim of this review is to 
provide an evidence-based update of the physiological 
adaptations that cope with extreme hot and cold envi-
ronments.

Body temperature regulation
There are three main ways by which human tem-

perature is affected and, in response, regulated [1,6].

Firstly, body temperature is greatly influenced by 
climate temperature and its characteristics. A stable 
climate maintains temperatures across most of the sur-
face of planet Earth within a range compatible with hu-
man life. As climate temperature is constantly changing 
and temperature homeostasis is a priority, the second 
mechanism by which body temperature is regulated 
takes place. The second way is by the autonomic ner-
vous system, which reacts robustly to thermal challeng-
es by orchestrating a complex array of neural responses 
below the level of conscious awareness. The third, and 
perhaps the least predictable, is human behavioural 
temperature regulation; which responds to thermal sen-
sory input by seeking warmth or coolness, slowing down 
or stepping up, discontinuing or increasing exercise and 
removing/adding clothing/equipment; countering its 
current environment temperature. Simultaneously, it 
is also responsible for getting people into situations of 
cold or heat stress, some of which can threaten life or 
health [1,3]. Behavioural thermoregulation will not be 
described any further and can be assessed elsewhere.

Thermoregulation, the second mechanism de-
scribed, is a fundamental capacity of the autonomic 
nervous system to respond to cold and heat stress con-
ditions [1]. Thermoregulatory physiology main goal is to 
keep a Tc within a degree or two of 37 °C and it works 
because of a coordinated set of autonomic responses 
to maintain equilibrium between heat production (pro-
duced by metabolism primarily) and its dissipation. This 
physiological characteristic preserves people’s health 
by enabling normal cellular function [8]. Tc can range 
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along with bradycardia, heart block and prolongation of 
PR, QRS and QT intervals [19,20]. With temperatures be-
low 30 °C, atrial fibrillation and ventricular dysrhythmia 
become common. When body core temperature reach-
es 25 °C or less, asystole tends to occur [21]. In deep 
hypothermia, the cardiac index is generally reduced to 
values ​​below 1-1.5 l/min/m² [22,23].

Initial changes in the respiratory system in response 
to cold stress are not permanent since core tempera-
ture tends to continue dropping. Hyperventilation is the 
initial response to cold but it is followed with hypoven-
tilation as the extreme cold exposure is maintained. 
With a decrease in temperature, respiratory rate of 15 
to 7 breaths per minutes at 30 °C, may fall up to 7 to 4 
breaths per minute at approximately 25 °C as the brain 
stem is impaired by hypothermia. Hypoventilation pro-
duces an increase in carbon dioxide in blood, finally con-
cluding in respiratory acidosis. Interestingly, respiratory 
stimulus like hypoxia and carbon dioxide cease to work 
as respiratory drive when core temperature reaches 20 
°C. Other respiratory alterations have been observed 
such as a decrease in ciliary motility, lung compliance, 
thorax elasticity, increased bronchorrhea, noncardio-
genic pulmonary edema and alterations in diaphragm 
and intercostal muscles contractility [19,21].

Regarding the nervous system, being the brain a vi-
tal organ, blood flow to it is prioritized and it increas-
es. As hypothermia continues, there is a progressively 
decrease in oxygen consumption by the brain and spi-
nal cord to protect them from anoxic injury [24,25]. 
Although in early hypothermia, cerebral blood flow 
increases, it starts to decrease 6% to 7% for each 1 °C 
decrease in temperature [20]. Since hypothermia de-
creases nerve conduction, deep tendon reflexes disap-
pear at core temperatures below 32 °C [20]. Sensitive 
nerve endings decrease their conduction too and as 
temperature continues diminishing, patients may no 
longer complain of cold [20]. Regarding the electroen-
cephalogram (EEG), abnormal activity may be seen be-
low 32 °C while below 20 °C, the EEG is compatible with 
brain death [20].

In the gastrointestinal system, intestinal motility de-
creases progressively as temperature does too, resulting 
in acute gastric dilation, distension of the colon and ile-
us when core temperature falls below 28 °C [19,21,26]. 
Hypothermic-related serum amylases elevations, lead-
ing to oedematous or necrohemorrhagic pancreatitis, is 
often found in necropsy studies of hypothermic patients 
[15]. The relationship between pancreatitis and hypo-
thermia has not yet been solved, although it has been 
implicated in ischemia secondary to shock, previous 
and abusive alcohol intake or the presence of gallstones 
[15,26]. Other gastrointestinal alterations that can be 
found in hypothermia are: Multiple punctate erosions 
of low haemorrhagic (Wischnevsky ulcers) in the stom-
ach, ileum and colon; probably related to the release 

thologies, mortality can reach up to 75% [15].

In each of these stressful environmental situations, 
each one of the body systems, try by all their means and 
mechanisms to counter the environmental temperature 
and achieve normothermia.

All of the main human systems (cardiovascular, ner-
vous, gastrointestinal, renal, hematologic and tegu-
mentary) are tightly coordinated by the thermostat of 
the body. This thermostat, located in the preoptic area 
(POA) of the hypothalamus, is an integration site of the 
thermosensory information from thermoreceptors lo-
cated in the skin, muscles, spinal cord and body core; 
to adjust physiologic responses to gain heat or lose it 
accordingly [10]. A modification of the blood tempera-
ture less than 1 °C can be signalled to the hypothalamic 
thermoregulatory centre manifesting with physiological 
responses to maintain temperature homeostasis [16].

Effects of extreme cold in the organism
In the cardiovascular system, at the beginning of hy-

pothermia, the sympathetic tone increases due to the 
decrease in body core temperature secondary to the cold 
stressful environment. The sympathetic nervous system 
activates mechanisms, through its impulses transmitted 
by the sympathetic nerves and the increased liberation 
of catecholamines from the adrenal medulla to systemic 
circulation, for retaining and generating heat. Because 
alpha-adrenoceptors are stimulated, heat conservation 
is promoted via cutaneous vascular constriction and by 
decreased peripheral perfusion to prioritize vital organ 
perfusion, at the expense of a decline in skin and mus-
cle temperature [17,18]. Although this response helps 
in delaying heat loss while defending core temperature, 
the blood flow reduction and fall in skin temperature, 
may probably contribute to the etiology of peripheral 
cold injuries and loss of manual dexterity [18]. Cold-in-
duced vasodilation (CIVD) is another vasomotor re-
sponse intimately related, which modulates the effect 
of peripheral vasoconstriction periodically, increasing 
blood flow and, as it is believed, preventing cold injuries 
while improving dexterity and tactile sensitivity [18]. By 
stimulating beta-adrenoceptors, tremor (which gener-
ates heat) and appropriate modifications in cardiac out-
put are performed: Increased chronotropism and inot-
ropism, consequently increasing blood pressure (along 
with the peripheral vasoconstriction), myocardial oxy-
gen consumption and cardiac output [17,19].

As hypothermia progresses, there is an increasing 
decay in cardiac output, heart rate and blood pres-
sure (the values of the last ​​cannot be measured below 
27 °C). Cardiac output decreases as a consequence of 
bradycardia and hypovolemia. The last is a result of re-
duced plasma volume and intracellular hyperhydration. 
Bradycardia, which becomes severe below 32 °C, is a 
consequence of decreased spontaneous depolarization 
of pacemaker cells and conduction velocity, leading to, 
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ported to be very inefficient since it produces heat near 
the surface of the body and most of it, is lost to the en-
vironment. Only 45% of the heat produced is retained 
by the patient [19]. Shivering mechanism ceases at ap-
proximately 31 °C [20]. Brown adipose tissue (BAT) has 
been considered an important actor against cold stress 
in human infants through non-shivering thermogenesis 
(NST). Unfortunately, it was widely believed that this ca-
pacity was blunted in adulthood until 2009 when several 
studies demonstrated that this brown adipose tissue is 
still present in human adults and that it can be activated 
through cold exposure. Just 1-2 h of cold exposure (14-
17 °C) are enough to increase the tissue glucose uptake 
and fatty acid oxidation, consequently increasing heat 
production through NST. BAT heat production depends 
on a mitochondrial process called uncoupled respiration, 
which is mediated by the uncoupling protein-1 (UCP1), 
which through a succession of events, concludes in the 
dissipation of chemical energy in the form of heat [29]. 
Although most BAT is located in the cervical, paraster-
nal, pre- and para-vertebral regions, it has been recently 
identified that white adipose tissue (WAT) has the abili-
ty to transform into BAT through cold and β-adrenergic 
stimulation; a process termed “browning” or “beiging” 
[29]. While in cold exposure there is a gradual decrease 
of shivering, NST remains elevated [30].

Effects of extreme heat in the organism
In contrast to what happens in hypothermia, the ob-

jective of the body when in extreme heat environments 
is heat dissipation. The thermoregulatory processes 
occur to prevent heat stroke, the main hallmark of hy-
perthermia. Heat stroke is a life-threatening emergency 
characterized with multiorgan dysfunction caused by a 
systemic inflammatory response in which encephalopa-
thy predominates and can lead to death [8].

In several studies, it has been suggested that heat 
directly induces tissue injury; affecting its cellular pro-
cesses along with denaturing proteins and liquefying 
and destabilizing cellular membranes [8,31]. At tem-
peratures superior to 49 °C, all cellular structures are 
destroyed completely and their necrosis occurs in less 
than five minutes. If temperatures are lower than 49 °C, 
cell death is because apoptosis although heat-induced 
apoptosis pathways have not been identified [8]. As 
soon as the cell recognizes heating, several cytokines, 
interleukins and heat shock proteins are released into 
the bloodstream. Heat shock proteins may have a pro-
tective effect on cells [8].

To begin with, regarding the cardiovascular system in 
hyperthermic states, hypotension and in severe cases, 
shock, becomes the main cardiovascular characteristic. 
This hypotension is due to dehydration, increased pro-
duction of nitric oxide which has a vasodilatory function 
and a shift of heated blood from central circulation to 
the peripheral circulation to dissipate heat [8,20]. Hypo-
hydration consequently produces cardiovascular strain 

of vasoactive amines such as histamine and serotonin 
and the reperfusion after the cold-induced collapse of 
the microvasculature [15,19,26]. These Wischnevsky’s 
lesions are seen in 80% of hypothermic patients [19]. 
Hypothermia induces secretion of gastric acid and inhib-
its duodenal bicarbonate secretion leading to mucosal 
damage in the stomach and duodenum [26]. A reduc-
tion of conjugation and debugging of various substrates 
by the liver is described. This last event occurs because 
of decreased splenic and hepatic blood flow [15,19].

The effects of extreme cold in the hematologic sys-
tem consist in an increase of patient’s haemoglobin and 
haematocrit due to hemoconcentration. The human 
spleen sequesters 200-250 mL densely packed red blood 
cells and it is accepted that it has the capacity to release 
them into the systemic circulation during times of stress, 
as seen in hypothermia, by contracting the spleen [27]. 
The consequence of that process is increasing blood’s 
oxygen transport and its viscosity. Spleen contraction 
seems to be mediated by α-adrenoreceptors [27]. Blood 
viscosity seems to increase 2% per degree Centigrade 
drop in temperature [19]. Leukopenia has also been ob-
served with granulocytopenia in severe hypothermia, 
secondary to splenic and hepatic sequestration and by 
the direct action of cold on the bone marrow [24]. It has 
been described marrow suppression and progressive 
marrow failure in hypothermic patients [26].

Enzymic reactions of both intrinsic and extrinsic 
pathways of the clotting cascade are directly inhibited 
by cold and consequently, a coagulopathy can develop 
[26]. Prothrombin time can be significantly increased 
even with normal clotting factor levels [26].

Thrombocytopenia and platelet dysfunction are 
very frequent and the first, is caused by bone marrow 
suppression and splenic sequestration [20]. There is no 
clear relationship between disseminated intravascular 
coagulation (DIC) and hypothermia [24].

In the renal system, hypothermia is usually accompa-
nied by a generally mild degree of renal insufficiency be-
cause of renal vasoconstriction, with slight increases in 
the laboratory values of urea and creatinine that usually 
resolves without sequela, although in some cases acute 
tubular necrosis may occur. Exposure to cold, with core 
temperatures below 32 °C, produces an increase in di-
uresis (cold diuresis). This event is due to blunted re-
sponse from the tubules to antidiuretic hormone and 
the peripheral vasoconstriction that elevates blood 
pressure [28]. The kidney senses this elevation and ul-
trafiltration increases to counter high blood pressure 
through diuresis [20].

Finally, regarding the integumentary system and 
the musculo esqueletico system, temperatures below 
32 °C activates thermoregulatory mechanisms with the 
objective of retaining and generating heat: Shivering, 
cutaneous vasoconstriction and decreased peripheral 
perfusion [20]. Shivering thermogenesis has been re-
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stances and metabolites to enter into the central ner-
vous system [1,38]. Cerebral blood flow may increase 
at first but with temperatures above 40-41 °C; cerebral 
blood flow may fall to baseline or below although this is 
incompletely understood [38]. The neuromuscular sys-
tem characterises with muscular weakness and cramps 
due to electrolyte imbalances [20].

The gastrointestinal changes are manifested clinically 
with increased nausea, vomiting, mucosal swelling and 
hepatic injury. Splanchnic blood flow is reduced through 
vasoconstriction to compensate the decreased central 
blood volume, consequence of the reduced plasma vol-
ume and blood pooled to the skin for heat dissipation 
[33]. Hepatic insult may be a consequence of the hy-
poperfusion mentioned, which generates hypoxia and 
consequently, hepatocytes damage because of reactive 
oxygen and nitrogen species production [1,8]. Eleva-
tion of hepatic enzymes is typically observed (aspartate 
aminotransferase, alanine aminotransferase, γ-glutam-
yl transpeptidase (γ-GT), lactate dehydrogenase (LDH), 
and total bilirubin) [20]. Intestinal injury, because of the 
commented damaging processes, may lead to mild to 
moderate diarrhoea [1,8].

The hematologic system, faced with heat stroke, 
reacts manifesting itself with clinical thrombocyto-
penia, disseminated intravascular coagulation (DIC) 
and prolonged prothrombin time [20]. Heat, as it was 
mentioned, produces cell injury which, as a response, 
releases cytokines into systemic circulation mediating 
fever, leucocytosis, muscle catabolism and activation of 
endothelial cells [8]. Diffuse disseminated intravascular 
thrombosis is explained by elevated circulating levels of 
von Willebrand factor, endotelin, metabolites of nitric 
oxide, thrombomodulin, intercellular adhesion mol-
ecule 1 and soluble E-selectin [8]. The prothrombotic 
state is a characteristic of heat stroke and may lead to 
multiorgan failure and lastly, death [1]. The red blood 
cells become more fragile after being exposed to high 
temperatures generating their early removal from sys-
temic circulation [20].

In the state of hyperthermia, the renal system man-
ifests itself clinically with oliguria and renal failure [8]. 
This clinical event and renal injury occurs because of 
direct thermal injury and hypoperfusion caused by de-
hydration and vasoconstriction. The compromise of the 
renal blood flow shares the same goal as the splanchnic 
vasoconstriction [20,33].

Salt and water can be lost by sweating as much as 
2 litters per hour and these hydroelectrolytic imbalanc-
es impair thermoregulation mechanisms [8]. The water 
loss increases the salt concentration in blood which is 
sensed by the macula densa cells in the juxtaglomerular 
apparatus releasing renin and activating the renin-an-
giotensin-aldosterone system (RAAS) to increase the re-
absorption of salt and indirectly, water. The osmostat, 
located in the hypothalamus, senses the osmolality of 

because it reduces cardiac filling pressure, this reduces 
stroke volume and it generates a compensatory tachy-
cardia [32,33]. As result, circulation becomes hyperdy-
namic, in order to counter the low blood pressure [8]. 
Patients may suffer postural syncope [20]. Faced with 
heat stroke, the body reacts manifesting itself conse-
quently with symptoms and signs such as hypotension 
and related to heart failure and myocardial injury [8,20]. 
Hypertensive patients seem to have a lower heat tol-
erance since their heat dissipation capacity is impaired 
because of decreased circulatory performance to the 
periphery [34].

Common changes in the electrocardiogram when 
suffering from extreme hyperthermia include prolonged 
QT interval, rhythm disturbances, conduction defects 
and ST segment changes [20].

The respiratory system adaptations to heat are pri-
marily hyperpnea and hypocapnia [35]. An elevation of 
Tc by ~1 °C induces a pattern of ventilation called ther-
mal hyperpnea, accounting for increases in tidal volume 
and frequency of breathing. This adaptation increases 
pulmonary ventilation approximately 35% and venous 
blood pH from ~7.38 to 7.46, developing progressively a 
respiratory alkalosis [36]. Hypocapnia seems not to af-
fect the ventilatory response. Although total body heat 
loss from respiratory evaporation seems to be small 
compared to heat loss from sweating, hyperthermia-in-
duced hyperventilation may selectively remove heat 
from the brain. It is not clear if hyperventilation-induced 
hypocapnia fully accounts for the cerebral hypoperfu-
sion reported in patients under heat stress [37]. Respi-
ratory evaporation can account up to the 46% of total 
cephalic heat loss [36].

In the nervous system, since the body is in a stressful 
condition, the sympathetic nervous system will be great-
ly activated. Patients suffer from neurologic dysfunction 
due to neuronal damage. Irreversible neuronal damage 
begins at a temperature above 40 °C [1]. Neurologic 
dysfunction is usually severe (delirium or coma) but it 
may be also very subtle with emotional imbalances such 
as irritability, headache, dizziness, fatigue, alternating 
behaviour or impaired judgement [20]. The neurologic 
dysfunction may be explained by affected connections 
in cognitive pathways during hyperthermia. The affect-
ed connections in the limbic system (consistent with the 
emotional imbalances, memory and learning ability), in 
the dorsolateral prefrontal cortex (related to executive 
functions such as planning, cognition and reasoning) 
and the intraparietal sulcus (which is involved in the 
processing of new information and memory); may ex-
plain all of the neurological changes [38]. Other causes 
of neurologic dysfunction may be direct heat-related 
neuronal damage, changes in cell signalling, ischemia, 
oedema, changes in cerebral blood flow and inflamma-
tory changes [38]. Blood-brain-barrier permeability in-
creases generating oedema and allowing potential sub-
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[28]. Both processes, cutaneous vasodilatation and the 
consequent heat loss, are produced by the previously men-
tioned sympathetic nervous system activation. When acti-
vated, eccrine sweat glands increase their sweat produc-
tion cooling the body [23]. The highest reported sweating 
rate is attributed to Alberto Salazar, an American Olympic 
distance runner, who sweated 3.7 L/h in the 1984 Olympic 
Marathon [32].

A comparison of human physiological changes in ex-
treme heat and cold is presented in Table 1.

Conclusion

the extracellular fluid which is going to be high, and will 
release antidiuretic hormone (ADH) which is stored in 
the posterior pituitary gland. The ADH will increase the 
expression of aquaporins 2 in apical cell membranes of 
the kidney’s collecting duct principal cells in order to in-
crease the reabsorption of free water [39].

Finally, in the integumentary system, hyperthermia 
clinical symptoms are sweating and flushing. Both mani-
festations are a consequence of cutaneous vasodilatation, 
which dissipates heat by radiant and convective heat loss, 
and sweating, which produces heat loss by evaporation 
[1]. The skin is the main organ related to heat dissipation 

Table 1: Human physiology changes in extreme heat and cold.

Body systems Extreme cold Extreme heat
Cardiovascular •	 Peripheral vasoconstriction with blood shift to central 

circulation
•	 In early hypothermia:

o	 Increased inotropism and chronotropism
o	 Increased cardiac output and blood pressure

•	 At late hypothermia: 
o	 Decreased chronotropism and inotropism
o	 Decreased cardiac output and blood pressure

•	 ECG disturbances (bradycardia, heart block and 
prolongation of PR, QRS and QT intervals)

•	 Peripheral vasodilatation with blood shift from 
central to peripheral circulation

•	 Decreased blood pressure and in severe 
cases, shock

•	 Hyperdynamic circulation: Tachycardia and 
increased cardiac output

•	 ECG disturbances (prolonged QT interval, 
rhythm disturbances, conduction defects and 
ST segment changes)

Respiratory •	 In early hypothermia:
o	 Hyperventilation

•	 At late hypothermia:
o	 Hypoventilation

•	 Hypercapnia and pulmonary acidosis, secondary to 
hypoventilation

•	 Decreased:
o	 Ciliary motility
o	 Lung compliance
o	 Thorax elasticity

•	 Increased:
o	 Bronchorrhea
o	 Noncardiogenic pulmonary edema

•	 Alterations in diaphragm and intercostal muscles 
contractility

•	 Thermal-hyperpnea (increases in tidal volume 
and frequency of breathing)

•	 Hypocapnia and pulmonary alkalosis, 
secondary to hyperventilation

•	 Brain heat dissipation secondary to 
respiratory evaporation

Neuromuscular •	 Great activation of sympathetic nervous system
•	 At first, blood flow to the brain increases but starts 

decreasing steadily
•	 Increased muscular tremor to produce heat at early 

stages
•	 Decreased nerve conduction: 

o	 Decreased sensitivity
o	 Decreased deep tendon reflexes

•	 Great activation of sympathetic nervous 
system

•	 At first, blood flow to the brain increases but 
starts decreasing as temperature rises

•	 Increased blood-brain-barrier permeability 
•	 Muscular weakness and cramps
•	 Neurologic dysfunction to irreversible 

neuronal damage

Digestive •	 Gastrointestinal organs injury secondary to 
hypoperfusion:
o	 Splenic and hepatic insult. Decreased function of 

the last
•	 Decreased intestinal motility, leading to ileus and 

internal organs distention
•	 Mucosal damage and erosions in stomach, duodenum, 

ileum and colon
•	 Pancreatitis secondary to hypothermic-related serum 

amylase elevations

•	 Gastrointestinal organs injury secondary to 
hypoperfusion:

•	 Hepatic insult with consequent enzymes 
elevations 

•	 Intestinal injury may lead to diarrhea
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The thermoregulatory responses and processes af-
ter the human body is exposed to extreme heat and 
cold are very complex. All of these processes occur with 
the final objective of keeping temperature homeosta-
sis within normal values. When the body is exposed 
to extreme heat conditions, the body most important 
mechanism to dissipate heat and prevent an increase 
in core temperature is sweating but when in cold condi-
tions, in order to prevent hypothermia, the body’s main 
objective is heat conservation predominantly through 
peripheral vasoconstriction to shift blood from the pe-
riphery to the internal and vital organs. In early stag-
es, this can be achieved but depending on the extreme 
temperatures the body is exposed to and the duration 
of the exposure, sooner or later the thermoregulato-
ry mechanisms will begin to fail manifesting in clinical 
signs and symptoms and finally death. The human body 
is prepared with a lot of mechanisms to protect from 
these extreme temperatures and to reach homeostasis 
but never for too long in such extreme conditions. Fur-
ther evidence and research is needed to comprehend 
physiological limitations to extreme temperatures and 
for a broader understanding of the measures needed to 
prevent situations where health, and even life, is at risk.
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