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Fisiologi

Fisiologi Kerja : Cara tubuh beradaptasi fisiologis
terhadap exercise ( Acute Stress
) 
atau aktivitas fisik, dan terhadap 
latihan fisik ( Chronic Stress )latihan fisik ( Chronic Stress )

Fisiologi Olah Raga : Aplikasi fisiologi kerja  
terhadapmasalah – masalah 

olah raga.



System – system  tubuh  yang  terlibat

1) System Skelet ; Basic framework dari 

otot

2) System Cardiovascular ; nutrisi ke sel 

dan menyingkirkan  waste products dan menyingkirkan  waste products 

3) System Cardiovascular & respirasi ; 

O2 ke cell & menyingkirkan CO2 dari 

cell 

4) System Integument ; membantu 

memper -tahankan suhu tubuh



5) System Urinaria ; keseimbangan 
cairan dan elektrolit, juga 
pengaturan jangka panjang tekanan 
darah.

6) System Syaraf & Endokrin ; 6) System Syaraf & Endokrin ; 
mengkoordinir & mengarahkan 
semua aktivitas ini sesuai kebutuhan 
tubuh.



Acute Physiological Responses 
to Exercise

• Suhu, kelembaban 

Faktor – faktor yang dapat 
mempengaruhi :
• Suhu, kelembaban 
• Cahaya & Noise 
• Waktu & jenis makanan 





Diurnal  &  Menstrual Cycle  
Variations

Berat Badan

Total Body Water

Suhu TubuhSuhu Tubuh

Metabolic Rate

HR & Stroke Volume





Cardiovascular response to 
Exercise :

• HR, SV, CO.

• Blood Flow.

• Blood Pressure.• Blood Pressure.

• Blood.







Perobahan dalam darah pada 

waktu exercise

A – VO2 Diff. Meningkat.

Volume plasma menurun.

Haemoconcentration.Haemoconcentration.

pH darah lebih asam ( 7,4 - 7,0 
)  oleh peningkatan lactate 

darah.



� Cardiac Output � Muscle Vascular Resistance

� Muscle Blood Flow � a-vO2∆

� Oxygen Extraction

���� Oxygen ConsumptionAcute cardiovascular 

adaptations that combine to 

increase oxygen consumption 

during exercise

� Muscle Contraction

� Venous Return

� End Diastolic Volume � Contractility

� Stroke Volume � Heart Rate � Cellular Respiration

Sympathetic 

Stimulation



Ventilasi Pulmonal Sewaktu 
Exercise

Motor Cortex lebih 

aktif  (Inspiratory 

Centre).

Respirasi meningkat.

Proprioceptive Feed -Proprioceptive Feed -

back dari otot & 

tendon yang aktif.

Perobahan pada suhu 

& kimia���� RC



Pada aktivitas dengan 
intensitas rendah, 
kekuatan otot terutama 
dilakukan ST Fibers.

Intensitas meningkat 

���� FTa fibers direkrut.���� FTa fibers direkrut.

Intensitas tertinggi  

���� FTb fibers diaktifkan.

Pola yang sama terjadi 
pada aktivitas yang 
lama.



Jenis Gerakan Otot : 

Concentric.

Static.

Eccentric. 



Muscle Force Bergantung Pada : 

Jumlah motor unit yg 

aktif.

Jenis motor unit yg aktif.

Ukuran ototnya.

Panjang otot semula.

Sudut sendi.Sudut sendi.

Kecepatan kontraksi otot





Selama melakukan exercise : 

Produksi metabolic water ����, karena metabolic rate ����.

Kehilangan air ����, karena suhu tubuh ����, ekskresi air 

melalui ginjal ����.

Dehidrasi yang melebihi 2% dari BB  ���� Prolonged Dehidrasi yang melebihi 2% dari BB  ���� Prolonged 

physical performance sudah terganggu & suhu tubuh ����

sebagai respons terhadap dehydrasi.





Gastric 

Emptying:
Exercise intensity < (>70% – 80% VO2

max).

Exercise duration : = 

Mode of exercise : Cycling 

Running : Faster. 



Intestinal absorption:

Moderat sampai intense.  Exercise 

� � blood flow.

Exercise dengan intensitas 85% VO2 max Exercise dengan intensitas 85% VO2 max 

� tidakberpengaruh. 

Cramping & gejala lain pada exercise yang 

berat 

� terjadi gangguan fungsi intestinal.







Aerobic capacities of 

80 to 84 ml • kg ─1 • 

min─1have been 

observed among elite 

male long-distance 

runners and cross country 

skiers. 

The highest VO2 max The highest VO2 max 

value recorded for a man 

is that of a champion 

Norwegian cross -

country skier, who had a 

VO2 max of 94 ml • kg ─1 

• min─1. 





The highest 

value recorded 

for a woman is 

77 ml • kg─1• 

min─1 for a 

Russian cross 

country skiers. 

In contrast, 

poorly poorly 

conditioned adult 

may have values 

below 20 ml • 

kg─1• min─1. 



► Fatigue may result from depletion of  PCr or glycogen. Either of 

these situations impairs ATP  production.

► Lactic acid has often been blamed for fatigue,  but it is actually 

the H+ generated by lactic acid  that leads to fatigue. The 

accumulation of H+ decreases muscle  pH, which impairs the 

cellular processes that  produce energy and muscle contraction.

► Failure of neural transmission may be a cause of  some fatigue. ► Failure of neural transmission may be a cause of  some fatigue. 

Many mechanisms can lead to such  failure, and all need further 

research.

►The CNS may also cause fatigue, perhaps as a  protective 

mechanism. Perceived fatigue usually precedes physiological 

fatigue, and athletes who feel exhausted can often be psychologically  

encouraged to continue.



Hemoglobin is one of the substances 

diluted by plasma expansion. For this 

reason, some athletes who actually have 

normal hemoglobin may appear to be 

anemic as a consequence of Na+ induced 

hemodilution.hemodilution.

This condition, not to be confused with 

true anemia, can be remedied with a few 

days of rest, allowing time for aldosterone 

levels to return to normal and for the 

kidneys to unload the extra Na+ and water.



►The two primary hormones involved in the regulation of 

fluid balance are aldosterone and antidiuretic hormone 

(ADH).

►When plasma volume or blood pressure  decreases,  the 

kidneys form an enzyme called  renin that  converts 

angiotensinogen into  angiotensin I, which later becomes 

angiotensin II. Angiotensin II increases peripheral arterial angiotensin II. Angiotensin II increases peripheral arterial 

resistance, raising the blood pressure.

►Angiotensin II also triggers the release of aldosterone 

from the renal cortex. Aldosterone promotes sodium 

reabsorption in the kidneys, which in turn causes water 

retention, thus increasing the plasma volume.



►ADH is released in response to increased plasma 

osmolarity. When osmoreceptors in the hypothalamus 

sense this increase, the hypothalamus triggers ADH 

release from the  posterior pituitary.

►ADH acts on the kidneys, promoting water conservation. ►ADH acts on the kidneys, promoting water conservation. 

Through this mechanism, the plasma volume is increased, 

which results in  dilution of the plasma solutes. Blood 

osmolarity  decreases.



Aerobic  Training =   Cardiorespiratory endurance 

training. 

� ↑ aliran darah sentral & perifer.

� ↑ kapasitas serabut otot  ↠ lebih banyak 

ATP. 

Anaerobic Training

� ↑ kekuatan otot.

� toleransi lebih besar terhadap gangguan 

keseimbangan asam basa pd aktifitas fisik 

berat. 



Adaptasi terhadap latihan aerobic 

� Dalam otot.

� Perobahan dlm sistem energi.

� Perobahan dlm sistem cardiovasculer,

↟ sirkulasi ke & di dalam otot.↟ sirkulasi ke & di dalam otot.

Perobahan yang paling nyata pd latihan aerobic 
adalah kemampuan melakukan submaximal 
exercise yang lebih lama & peningkatan dlm 
VO2max, tapi ini sangat bervariasi pd setiap 
orang. 



Adaptasi dlm otot: 

• Muscle fiber type  ST 7 – 22 % � FT fibers.

• Capillary Supply Number / fiber.

Number / cross sectional  
area of muscle.

• Myoglobin content ↟ 75 – 80  %• Myoglobin content ↟ 75 – 80  %

• Mitochondrial function           Number.

Size.

Efficiency.

• Oxydative enzymes ↟.



Adaptasi berhubungan dengan sumber-

sumber energi

• Otot lebih banyak menyimpan 
glikogen.

• Juga lebih banyak menyimpan fat 
(triglyceride).

• Aktivitas   enzim  – enzim  yang  
↟

↟

• Aktivitas   enzim  – enzim  yang  
terlibat  dalam β oxydation lemak ↟
(FFA ↟)

• Penggunaan lemak sebagai  sumber  
energi ↟,  sehingga  menghemat 
pemakaian glycogen.



Muscle’s maximal respiration capacity ( QO2 ) 

= maximal rate at which the muscle’s 

mitochondria use O2 to generate ATP 

( muscle’s max O2 uptake ). 

VO2max  =  the body’s maximal oxygen uptake. 

Adaptasi terhadap latihan anaerobik 

(near maximal force production). 



Pd ATP – PCr system ↟ anaerobic 

performance more 

from strength gain 

then from ↟ in the  

function of the 

anaerobic energy 

Pd Glycolytic system 

↟

anaerobic energy 

systems. 



�Efisiensi gerakan ↟↟↟↟
(kurang 
penggunaan 
energi)

�Muscle aerobic 
capacity juga 
dapat meningkat dapat meningkat 
pd 
latihan anaerobic 

lebih lama.                  
�Muscle buffering capacity ↟↟↟↟

(memperlambat terjadinya “ fatigue 
“)





Cardiovascular Adaptations to Training.

• Heart size.

• Stroke volume.

Numerous cardiovascular adaptations occur in response to 

training. Let’s look at changes in the following cardiovascular 

parameters: 

• Stroke volume.

• Heart rate.

• Cardiac output.

• Blood flow.

• Blood pressure.

• Blood volume. 



►► Cardiorespiratory endurance refers to your body’s

ability to sustain prolonged, rhytmical exercise. It 

is highly  related to your aerobic development. 

►► Most sport scientists regard VO2max – the highest rate of 

oxygen onsumption obtained during maximal or exhaustive 

exercise – to be the best indicator of cardiorespiratory 

endurance. 

►►Cardiac output represents how much blood leaves the heart ►►Cardiac output represents how much blood leaves the heart 

each minute, whereas a-vO2 diff indicates how much oxygen is 

extracted from the blood by  the tissues. The product of these 

values tells us the

rate of oxygen consumption: VO2 = SV × a-vO2 diff.

►►Of the chambers of the heart, the left ventricle changes the 

most in response to endurance training



► The internal dimensions of the left ventricle increase, mostly in 

response to an increase in  ventricular filling. 

► Left ventricular thickness also increases, increasing  

the strength potential of chamber’s contractions. 

► Following endurance training, stroke volume ► Following endurance training, stroke volume 

increases during rest, submaximal exercises, and 

maximal exertion. 

► A major factor leading to the stroke volume increases 

is an increased end-diastolic volume, probably caused 

by an increase in blood plasma and greater diastolic 

filling time 



► Another major factor is increased left ventricular  

contractility. This is caused by hypertrophy of the 

cardiac muscle and increased elastic recoil, which 

results from increased stretching of the chamber with 

more diastolic filling. 

► Blood flow to muscles is increased by endurance 

training. training. 

� Increased capilarization.

� Greater opening of existing capillaries.

� More effective blood redistribution.

� Increased blood volume.

► Increased blood flow results from four factors:



► Resting blood pressure is generally reduced by 

endurance training in those with borderline or 

moderate hypertension 

► Endurance training has little or no effect on blood     

pressure during standardized sub maximal or  

maximal exercise maximal exercise 

► Blood volume increases as a result of endurance 

training.

► The increase in blood volume is caused primarily by 

an increase in blood plasma volume.



► Red blood cell count can increase, but the gain in 

plasma is typically much higher, resulting in in a 

relatively greater fluid portion of the blood ( lower  

hematocrit ). 

► Increased plasma volume results in decreased blood

viscosity, which can improve circulation and oxygen 

availability.availability.

► Research  has  shown  that  changes  in  plasma  

volume are highly correlated with changes in stroke  

volume and VO2 max, making the training-induced  

increase in plasma volume one of the most significant 

training effects.



� End Diastolic Volume

� Maximal Stroke Volume

� Muscle Capillary Density

� Maximal Muscle Blood Flow

� Oxygen Delivery

� VO2max

Exercise to VOExercise to VO2max2max

� Maximal Cardiac Output

Training For

Long -Term Endurance

� Plasma Volume � Red Cell Mass

� Blood Volume

� Venous Return � Ventricular Volume

� End Diastolic Volume

Chronic adaptations 

of  the CV system 

after exposure to 

training for long 

term endurance. 

Adaptations are 

related to their 

affect during both 

maximal & 

submaximal exercise



� Venous Return � Ventricular Volume

� End Diastolic Volume

� Stroke Volume � Sympathetic Stimulation

� Heart Rate
Submaximal 

Steady State Exercise

Chronic adaptations 

of  the CV system 

after exposure to 

training for long 

term endurance. 

Adaptations are 

related to their 

affect during both 

maximal & 

Training For 

Long-Term Endurance

� Plasma Volume � Red Cell Mass

� Blood Volume

� Venous Return � Ventricular Volume
maximal & 

submaximal exercise



► Most static lung volumes remain essentially 

unchanged after training. Tidal volume, though 

unchanged at rest and during sub maximal exercise, 

increases with maximal exertion 

►Respiratory rate remains steady at rest, can decrease 

slightly with sub maximal exercise, but increases 

considerably with maximal exercise after  training 

► The combined effect of increased tidal volume and 

respiration rate is an increase in pulmonary 

ventilation during maximal effort following training. 

► Pulmonary diffusion at maximal work rates  

increases, probably because of increased ventilation 

and increased lung perfusion.



► The a-vO2 diff increases with training, most notably at 

maximal levels of work, reflecting increased oxygen 

extraction by the tissues and more effective blood 

distribution.

► Lactate threshold increases with endurance training, which 

allows you to performed higher rates of work and levels of 

oxygen consumption without increasing your blood lactate oxygen consumption without increasing your blood lactate 

above resting levels. Maximal blood lactate levels can 

increase slightly. 

► The respiratory exchange ratio decreases at sub maximal 

work rates, indicating greater use of  free fatty acids, but 

increases at maximal effort. 



► Oxygen consumption possibly increases slightly at rest and 

decreases slightly or remains unaltered during sub maximal 

exercise. 

► VO2 max increases substantially following training, but the 

amount of increase possible as limited in each individual. 

The major limiting factor appears to be oxygen delivery to 

the active muscle the active muscle 

► Although VO2 max has an upper limit,  endurance     

performance can continue to improve for years with      

continued training 



► An individual’s genetic makeup predetermines a  range for 

his or her VO2max and accounts for 25% to  50% of the 

variance in VO2max values. Heredity also largely explains 

individual variations in response to identical training 

programs. 

► Age-related decreases in aerobic capacity result partly from 

decreased activity 

► Highly conditioned female endurance athletes have VO2max values 

only about 10% lower than those of  highly conditioned male 

endurance athletes. 

► For athletes to maximize cardio respiratory gains from training, the 

training should be specific to the type of activity that an athlete 

usually performs.



► Resistance training in combination with endurance 

training does not appear to restrict improvement in 

aerobic capacity and may increase short-term   

endurance. 

► All athletes can benefit from maximizing their  

endurance.

► Much of the decline in endurance performance ► Much of the decline in endurance performance 

associated with aging can be attributed to 

decrements in central and peripheral circulation 

► Aerobic capacity generally decreases by about 10%   

per decade in relatively sedentary men.



► When evaluating decreases in VO2max with aging in men 

and women, comparison per unit of body weight might not 

be accurate because we tend to gain weight  as we age, 

which falsely lowers the VO2max per unit of body weight, 

and because these values do not account for a person’s 

initial VO2max initial VO2max 

► Instead, comparison should be based on the percentage 

change in VO2max in liters per minute, which excludes the 

influence of  the change in body weight with aging 



► Studies of older athletes and less-active people of the same 

age group indicate that the decrease in VO2max is not 

strictly a function of age. Athletes who continue to train 

have significantly smaller decreases in VO2max as they age 

►Both vital capacity and forced expiratory volume  decrease 

linearly with age. Residual volume  increases, and total linearly with age. Residual volume  increases, and total 

lung capacity remains 

unchanged. This increases the  RV : TLC  ratio,  meaning 

that less air can be exchanged with each breath.

► Maximal expiratory ventilation also decreases with  age 



►Pulmonary changes that accompany age are primarily 

caused by a loss of elasticity in the lung  tissue and 

the chest wall. However, older people have only 

slightly decreased pulmonary ventilation capacity. For 

them, the primary limiter of  VO2max  appears to be 

decreased oxygen transport to the  muscles. 

Furthermore, maximal   a-vO diff decreases, Furthermore, maximal   a-vO2 diff decreases, 

indicating that less oxygen is extracted by their  

muscles.

►Maximum heart rate decreases slightly less than 1 

beat/min per year as we age. The average HR max for  

a certain age can be estimated by following equation : 

HR max = 220 – age.



►Maximal stroke volume and cardiac out-put also appear to 

decrease with age. Stroke volume can be  well maintained in 

older athletes who have continued to train, but it will still be 

less than in younger  athletes. 

► Peripheral blood flow also decreases with age; in  trained 

older athletes, however, this is offset by an increased sub older athletes, however, this is offset by an increased sub 

maximal a-vO2 diff.

►Maximal strength decreases steadily with aging.

► Age-related  losses of strength result primarily from a  substantial loss 

of muscle mass 



► It is unclear how much of the decrease in  cardiovascular 

function with aging is due to physical  aging alone and how 

much is  due to deconditioning because of  because of 

decreased activity. However, many studies indicate that 

these changes are minimized in older athletes who continue 

to train, which seems to indicate that inactivity might play a 

larger role than physical aging. 

► In general, normally active people experience a shift   

toward a higher percentage of ST muscle fibers as they age, 

possibly due to a reduction in FT fibers 

► The total number of muscle fibers and fiber cross sectional 

area decrease with age, but training appears to lessen the 

change in fiber area.



► Aging also appears to slow the nervous system’s  ability to 

detect a stimulus and to  process the information to produce 

a response 

► Training cannot arrest the process of biological  aging, but  

it can lessen the impact of aging on  performance 

► Aging does not appear to reduce our capacity to  perform a 

normal activity at high altitude. In fact, it  might enhance 

our capacity! However, aging reduces our ability to adapt to 

exercise in the heat. This is largely because sweating 

capacity decreases as we  age.



► With age, body fat content increases, while at the same time 

fat-free mass decreases. Much of these changes can be 

attributed to the reduction in general activity  levels that 

occurs with aging 

► The amount of relative body fat increases as we age, 

primarily because of increased dietary intake, decreased primarily because of increased dietary intake, decreased 

physical activity, and a reduced ability to mobilized fat.

► Beyond age 30, fat-free mass decreases, primarily because 

of decreased muscle mass and decreased bone mass, both 

resulting at least partly from  decreased activity. 



► Training can help delay these changes in body composition 

► Endurance exercise training produces similar gains  in 

healthy people, regardless of their age, sex, or  initial level 

of fitness 

►With endurance training, older individuals show greater 

improvement in their muscle’s oxidative enzyme activities, 

whereas improvement in younger  people is largely due to 

increased maximal cardiac  output 



► It appears that aging does not impair a person’s  ability to 

increase muscle strength or muscle  hypertrophy 

► Prepubescent children can improve their strength with 

resistance training. These strength gains are due  largely to 

neurological factors, with little or no change in the size of neurological factors, with little or no change in the size of 

the muscle 

► The risk of injury from resistance training in young athletes 

is relatively low, and the programs they should follow are 

much like those foe adult 



► Strength gains achieved from resistance training in 

preadolescents result primarily from improved motor  skill 

coordination, increased motor unit activation,  and other 

neurological adaptations. Unlike adults, preadolescent who 

resistance-train experience little  change in muscle size 

► Aerobic training in preadolescents does not alter  VO2max 

as much as would be expected for the training stimulus, as much as would be expected for the training stimulus, 

possibly because VO2max depends  on heart size. But 

endurance performance does not improve with aerobic 

training 

► A child anaerobic capacity increases with anaerobic  

raining.



► Regular training typically results in decreased total body 

fat, increased fat-free mass, and increased total body mass 

► In general, growth and maturation rates and  processes are 

probably not altered significantly by  training 

► Resistance training should begin with a weight of one half 

your 1-RM. This is the proper weight if you can lift it about 

10 times. If you can lift it more than that, you need more 

weight, and if you can lift it fewer than eight times, you 

need less 





Sex Differences

For the same amount of muscles, 
no differences in strength between 
the sexes.

posses smaller muscle fiber 

cross-sectional areas than ♂
���� less muscle mass.



Sex Differences

For the same rate of work, trained ♀
generally have cardiac outputs similar to 
those of comparability trained ♂, but this 
is achieved through higher heart rates & 
lower stroke volumes.lower stroke volumes.

Women's smaller body size 
� smaller left ventricle 

& lower blood volume 
� lower stroke volume.



Sex Differences

Extra body fat

Lower Hb 

levels 

in women

Lower O2 content 

in arterial blood

Lower VO2max values 

expressed in ml per Kg per 

Minute



Sex Differences

Resistance training ���� major increase in 
strength (20% - 40%), similar to ♂.

In ♀ these gains are due more to neural 
factors, because increase in muscle mass factors, because increase in muscle mass 
is generally small.

Aerobic training ���� major increase in 
endurance capacity ( VO2max increases of 
10 – 40%)



Physiological responses to exercise 

in the heat

During exercise in the heat, the heat loss 
mechanisms complete with the active 
muscle for more of the limited blood volume. 
Thus, neither area is adequately supplied Thus, neither area is adequately supplied 
under extreme conditions.

Though cardiac output may remain 
reasonably constant, stroke volume may 
decline, resulting in gradual upward drift in 
heart rate.



Physiological responses to exercise in 

the heat

Oxygen uptake also increases during 
constant rate exercise in the heat.

Sweating increases during exercise in the 

heat, and this can quickly lead to heat, and this can quickly lead to 

dehydration and excessive electrolyte loss. 

To compensate, the release of aldosterone 

and ADH increases, causing sodium and 

water retention, which can expand he 

plasma volume.



Heat acclimatization
�Repeated exposure to heat stress causes a 

gradual improvement in your ability to lose 
excess heat. This process of adaptation is 
called “heat acclimatization”.

�With heat acclimatization, the rate of 
sweating increases in areas that are well 

�With heat acclimatization, the rate of 
sweating increases in areas that are well 
exposed and are the most efficient at 
promoting heat loss. This reduces skin 
temperature, which increases the thermal 
gradient from the internal to external body 
and promotes heat loss.



Heat acclimatization

�Stroke volume increases with the 

acclimatization. This aids delivery of more 

blood to the active muscles and skin 

when necessary.when necessary.

�Heat acclimatization reduces the rate of 

muscle glycogen use, delaying the onset 

of fatigue. 



Heat acclimatization

�Heat acclimatization requires exercise 

in a hot environment, not  merely 

exposure to heat.

�The amount of heat acclimatization 

attained depends on the conditions to 

which you are exposed during each 

session, the duration of exposure, and 

your rate of internal heat production.



Physiological responses to exercise 

in the cold

� Shivering (involuntary muscle 
contractions) increases metabolic heat 
production to help maintain or increase 
body temperature in the cold.

Nonshivering thermogenesis � Nonshivering thermogenesis 
accomplishes the same goal, but through 
stimulation of the sympathetic nervous 
system and by the action of hormones 
such as thyroxin and the catecholamines.



Physiological responses to exercise 

in the cold

� Peripheral vasoconstriction decreases the 
transfer of core heat to the skin, thus 
decreasing heat loss to the environment.

� Body size is an important consideration � Body size is an important consideration 
for heat loss. Both increased surface area 
and reduced subcutaneous fat facilitate 
the loss of body heat to the environment. 
So those who have a small surface area-
to-body mass ratio and those with more 
fat are less susceptible to hypothermia.



Physiological responses to exercise 

in the cold

� Wind increases heat loss by convection 

and conduction, so this effect, known as 

wind chill, must be considered along with 

air temperature during cold exposure.air temperature during cold exposure.

� Immersion in cold water tremendously 

increases heat loss through conduction. 

Exercise generates metabolic heat to offset 

some of this loss.



Physiological responses to exercise 

in the cold

�When muscle is cooled, it is weakened, 

and fatigue occurs more rapidly.

�During prolonged exercise in the cold, as 

energy supplies diminish and exercise energy supplies diminish and exercise 

intensity declines, a person becomes 

increasingly susceptible to hypothermia.



Physiological responses to exercise 

in the cold

�Exercise triggers release of 
catecholamines, which increase the 
mobilization and use of free fatty acid 
for fuel. But in the cold, for fuel. But in the cold, 
vasoconstriction impairs circulation to 
the subcutaneous fat tissue, so this 
process is attenuated.



Cold acclimatization

� Knowledge is limited, has not been 

studied well.

� Repeated exposure to the cold, may � Repeated exposure to the cold, may 

alter peripheral blood flow & skin 

temperatures, allowing greater cold 

tolerance.














