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In recent decades, sports activities related to nature
have become increasingly popular. As more and more
people look for ski resorts in mountainous regions or beco-
me involved with activities such as walking and/or moun-
tain climbing at moderate and high altitudes, diseases
related to this environmental stress become problems that
doctors have to face with an increasing frequency; they
need, therefore, to know these entities better. In addition,
many athletic competitions are performed at altitudes above
2,000 m, such as the Olympic Games of 1968 and the World
Cup Soccer Games of 1970, which took place in Mexico City,
Mexico, at 2,240 m. Experts have been investigating how to
improve athletic performance in such situations.

“Diseases of altitude” are primarily caused by hypo-
xia and are influenced by the cold weather and the time of
exposure. The main syndromes are acute mountain sick-
ness (AMS), high-altitude pulmonary edema (HAPE), and
high-altitude cerebral edema (HACE). Potential noxious
effects of the hypobaric hypoxia include conditions such as
coronary heart disease, pulmonary diseases, hemoglobino-
pathies and pregnancy.

Acute responses to hypobaric hypoxia

Cardiopulmonary effects – systemic blood pressure:
In normotensive individuals, the results of the studies re-
garding the response of blood pressure (BP) to initial expo-
sure to hypobaric hypoxia have been distinct. Some inves-
tigators have found an increase in BP 1-5, others a slight re-
duction 6-7, and others no change at all 8,9. The tendency
observed in most of the studies, however, is an increase in
blood pressure levels on the first day of exposure to a sig-
nificant altitude and, later, a decline of the values to those
found at sea level, mainly in regard to the systolic blood
pressure (SBP) 3,5.

Studies evaluating the behavior of pressure in normo-
tensive individuals during exercise, after acute exposure to
hypobaric hypoxia, have also shown discrepancies. Balke 10

observed an increase of 5 to 10mmHg in the SBP and a re-
duction of 5mmHg in diastolic BP in 6 individuals during
exercise on a bicycle at a simulated altitude of 4,200m, when
compared with that found at sea level. Malconian et al 11

found a 10% reduction in the mean BP at maximal effort, in a
simulated altitude of 8,848m, corresponding to the summit
of Mount Everest, compared with the values found at sea
level. D’Este et al 12 performed a submaximal test on 10 nor-
motensive individuals after acute exposure to 2,500m and
did not find significant differences in the pressure response
compared with the results of the test at sea level. Palatini et
al 13 found a significant increase in the SBP at rest but not at
the maximal effort, in 5 endurance athletes, who underwent
a prolonged submaximal test on bicycles, 12 hours after
exposure to 3,322m.

In regard to investigations in hypertensive patients,
D’Este et al 12 did not observe any change in BP at rest, but
SBP significantly increased to the submaximal level during
exercise, but not at the maximal effort. Savonitto et al 14 stu-
died the effects of acute exposure at 3,460m on the response
of BP to dynamic and isometric exercises in 11 men with light
to moderate systemic hypertension. The results observed
were light increases in the SBP at rest but no significant
changes occurred during the exercise. In the handgrip test,
BP and heart rate (HR) were not influenced by the acute
exposure to the hypobaric hypoxia.

We understand that the diversity of the methodolo-
gies of the different experiments has rendered the compari-
son of the results difficult.

The small number of hypertensive individuals studied
under these conditions and the wide variety of responses
among them do not allow us to exclude the possibility that
nontreated hypertensive individuals, when exercising at
moderate and elevated altitudes, may have pressure levels
hazardously elevated.

Cardiovascular autonomic modulation – Sympathetic
nervous activity increases with the increase in altitude, but it
relates better to the ventilatory response to chronic hy-
pobaric hypoxia than to the severity of the hypoxia itself 15.

Acute exposure to hypobaric hypoxia increases HR at
rest 2-5,11. It also increases the component of low frequency
and reduces that of high frequency in the spectral analysis 3,8.
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The maximal HR of the exercise, however, may be maintained
or undergo reduction 11,14,16. The last behavior is more preva-
lent at high altitudes 11, maybe because of the longer time of
exposure to hypoxia inherent in those conditions. Malco-
nian et al 11 found a 25% reduction in the maximal HR at a
simulated altitude of 8,848m, in relation to that at sea level.
Savard et al 16 observed a partial restoration of the previous
levels in individuals who had been at altitudes between
5,250 and 8,700m, after inhalation of 60% O

2
.

Sagawa et al 17 examined the baroreflex response of 7
nonacclimatized men at sea level and at the first hour of
exposure to altitudes between 3,800 and 4,300m, in a hypo-
baric chamber. The results were in accordance with a signi-
ficant reduction (p<0.05) in the sensitivity of the carotid
baroreflex cardiac response.

These results suggest that the acute response to the
hypobaric hypoxia relate more to an increase in the sympathe-
tic activity. A longer exposure to this environmental con-
dition causes a reduction in the adrenergic activity 16. Chro-
nic hypobaric hypoxia may reduce the maximal HR by re-
ducing the density and affinity of the beta-adrenergic recep-
tors, as already demonstrated for the alpha-2 receptors 18.

Pulmonary ventilation and saturation of oxygen –
Barometric pressure decreases as altitude increases. While
the percentage of oxygen in the air remains constant
(20.93%), the partial pressure of oxygen decreases 19. The lo-
wer density of the air at high altitudes reduces the resistan-
ce of the airways, and the maximal inspiratory and expiratory
flows are higher than at sea level 20. In spite of this, however,
the efficacy of the ventilatory muscles may be reduced due
to hypoxia, and therefore, be a limiting factor to exercise 20.

Pulmonary ventilation increases and, inversely, satura-
tion of oxygen (SaO

2
) drops with an increase in altitude 2,5,20.

Malconian et al 21 studied 8 healthy men (age range:
21-31 years) in simulated altitude (hypobaric chamber) du-
ring the sleeping period. SaO

2
 at sea level was 97±1%, at

4,572m it was 79±3%, at 6,100m it was 62±11%, and at
7,620m it was 52±2%. During maximal exercise at 8,848m in a
cycloergometer, the mean SaO

2
 reached 49% with a mean pH

of 8 11.

Oxygen uptake (VO
2
) – Several studies show a reduc-

tion in VO
2
 at rest and/or at certain level of exercise at mode-

rate and high altitudes 5,22,23.
Basu et al 5 studied 16 men (age range: 20-30 years) du-

ring the initial days of acclimatization in the Himalayas, at
altitudes between 3,100 and 4,200m. The values of VO

2
 at

rest and during submaximal exercise with a load of 100 W, at
sea level, were, respectively, 3.25 and 20.31mL/kg/min. At
the altitude of 3,110 m, the values of VO

2
 at rest and during

the submaximal effort with 100 W dropped significantly
(p<0.001) and continued to drop (p<0.01) at 4,177m.

At lower altitudes, 2,500m, Levine et al 23 observed a
12% reduction of the peak VO

2
 in a population of 20 old

people, during the acute exposure; VO
2
 reached normal va-

lues after acclimatization. In another extremity, at the

simulated altitude of Mount Everest, an 80% drop in the
maximal VO

2
 in relation to sea level was found 24.

Pressure of the pulmonary artery and ventricular
function – Davila-Roman et al 25 studied the ventricular func-
tion in 14 runners who had completed an ultramarathon at
high altitude (2,350 to 4,300m’s), to evaluate if prolonged
exercise, such as in this type of race, would damage the left
ventricle (LV). Until then, there were reports of damage to
the LV after strenuous exercise. Before the race, the echo-
cardiograms were normal; SBP of the pulmonary artery had
a mean value of 28mmHg and the dosages of troponin I was
undetectable. Immediately after the marathon, the echocar-
diograms showed, as expected, global and segmental in-
crease of the left ventricular function in all individuals and,
except for one, the values of troponin I were undetectable.
However, in 5 of them, marked dilation with hypokinesia of
the right ventricle (RV) was observed, as well as paradoxical
movement of the interventricular septum, pulmonary hyper-
tension, and bronchospasm. One of these individuals sho-
wed a slight elevation of troponin I. At the end of one day;
these findings had already normalized. Therefore, in this
sample of athletes performing at high altitudes, inversely to
the expectation, the ventricular damage occurred in the RV
and not in the LV. The incidence and pathogenesis of these
findings still need to be determined. We do not think that
the RV impairment is exclusively secondary to the ultrama-
rathon.

Malconian et al 11 found electrocardiographic altera-
tions compatible with pulmonary hypertension (increase in
the amplitude of the P wave in D

2
, D

3
, AVF, right shift of the

QRS axis, increase in the ratio S/R in the left precordials and
increase in the negativity of the T wave in V

1
 and V

2
), from

the simulated altitude of 6,100 m on. Most of the changes
reversed to normal 12 hours after the return to sea level.

Respiratory changes and arrhythmias during sleep –
At high altitudes and during sleep, some healthy individuals
have a periodical respiratory pattern, also called Cheyne-
Stokes respiration 17,21,26. Combined with this variation, there
are cyclic changes in the cardiac rhythm and HR 19. Cum-
mings and Lysgaard 27 recorded their own cardiac rhythms
and observed a pronounced respiratory sinus arrhythmia
and bradycardia during sleep at 5,033m.

During the Operation Everest II, simultaneous records
of respiration and electrocardiogram were performed in 8
individuals during sleep 21. The evaluations were carried out
at sea level and at the following altitudes: 5,490m, 6,100m,
and 7,620m. The results found at high altitudes were the
following: sinus bradycardia (41±0.5bpm), bradycardia-
tachycardia cycles respectively related to the phases of the
periodical respiratory cycle of bradypnea/apnea and ta-
chypnea, sinus arrhythmia, junctional escapes, and ven-
tricular and supraventricular extrasystoles. Similar results
had already been observed in previous studies 21.

The mechanisms of these alterations of respiration
and cardiac rhythm are yet to be determined. Administra-
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tion of oxygen or carbon dioxide eliminates apnea but not
the respiratory periodicity during exposure to hypobaric
hypoxia 19. A mechanism of vagal modulation may be
involved 21.

Endocrine alterations – Roberts et al 28 observed an
increase in glucose cellular uptake, at rest and during sub-
maximal exercise, resulting from exposure to hypobaric hy-
poxia. According to these authors, glucose utilization is
higher initially than after acclimatization, and this is intensi-
fied by the use of beta-blockers. McClelland et al 29, studying
rats, did not find any increase in carbohydrate utilization.

Hypobaric hypoxia increases diuresis. During the
Australian Bicentennial Mount Everest Expedition 30, 10 in-
dividuals were evaluated in regard to the effects of the
exposure to an altitude of 5,400m on the plasmatic concen-
tration of the atrial natriuretic peptide. Results showed re-
duction in the activity of plasmatic renin and aldosterone,
increase in the levels of the atrial natriuretic peptide, and
also increase in the diuresis and natriuresis.

Zaccaria et al 31 studied the hormones that regulate so-
dium in 7 men, one week and 21 days after being at 5,050m,
before and after exercise and they compared the results to
those obtained at sea level. Plasmatic samples of renin, al-
dosterone and atrial natriuretic peptide activity were
obtained at the orthostatic position and at the end of a
maximal exercise. Sodium excretion and the urinary volume in
24 hours were also evaluated, as well as the total body water
and hematocrit. They found a constant suppression of the
plasmatic renin activity and of the aldosterone levels, the
opposite of the findings at sea level, concluding that these
hormones were not stimulated by strenuous exercise. They
also observed an increase of the atrial natriuretic peptide
during acute exposure, but not during chronic exposure.

We consider the above-discussed endocrine altera-
tions not yet well clarified, requiring further studies.

Endothelial and blood alterations – Endothelin 1:
Exposure to a continuous increase in altitude progressively
increases plasmatic endothelin 1 (ET-1) 32,33, which is a pep-
tide synthesized by endothelial cells, with potent vaso-
constrictive and mitogenic action upon the vascular smoo-
th muscles.

Morganti et al 32 observed changes in the plasmatic
dosages of ET-1 (from 1.8±0.1pg/mL, at sea level, to 2.7±
0.2mg/mL, at 4,240m), concomitantly with reductions of the
SaO

2
 (from 98.6±0.2%, at sea level, to 80.8±0.4%, at that alti-

tude). In a study of 6 men climbing the Monte Rosa in the
Alps (4,559m), those authors also found increases in the
pulmonary SBP (from 19±1 to 26±1.9mmHg), directly related
to the increase of plasmatic ET-1.

Increase in the plasmatic ET-1 has been observed in
cases of HAPE (high-altitude pulmonary edema), including
in the bronchoalveolar lavage, and it is part of one of the
hypotheses about the pathogenesis of HAPE 33.

Erythropoietin – A few hours after exposure to hypo-
baric hypoxia, the secretion of renal erythropoietin increa-

ses 34-37. As it stimulates the synthesis of red blood cells, in
approximately one week it significantly increases the con-
centration of hemoglobin and, therefore, the capacity of
transporting O

2
 in the blood 38. Therefore, even though ery-

thropoietin levels increase at the acute phase of exposure to
higher altitudes, its effects will be felt during acclimatization.

Vascular endothelial growth factor – Asano et at 37

studied 8 swimmers training at 1,886m. After 10 days of
training, they observed transient reduction in the levels of
the vascular endothelial growth factor (VEGF) in the serum,
followed by a significant increase, reaching a peak at the 19th

day. The initial values were obtained one month after the
return to a low altitude. We do not know, however, if the
reduction of VEGF occurred in the first days of exposure to
altitude.

Acclimatization

Hypobaric hypoxia triggers adaptive physiological
mechanisms destined to satisfy the energetic needs of the
cells. Acclimatization happens when after days of exposure
to a certain altitude, usually a period of 2 to 3 weeks, there is
a chronic adaptation to environmental conditions 38,39.

The physiological mechanisms are the following: 1)
increase in the pulmonary ventilation 39; 2) reduction in the
HR previously increased in the acute response 22,39; 3) de-
crease in the plasmatic volume 39,40; 4) reduction of the accu-
mulation of lactate in the blood during submaximal exercise
in relation to the more elevated levels of acute response 39;
5) improvement of the cardiorespiratory capacity for exerci-
se, also related to the initial exposure to the hypobaric hy-
poxia 23,41; 6) increase in the secretion of renal erythropoie-
tin, in the hemoglobin mass and in the hematocrit 34,36,37,42.

The time necessary for each of these responses vari-
es. Some of them are fully manifested within days of arrival
at a certain altitude, while others may require 2 to 3 weeks 39.
In regard to extreme altitudes, such as those above 8,000m,
however, a period of 77 days seems to be more adequate 43.

Unlike the acclimatization period, the return to the bio-
logical conditions at sea level is much less known. Beidle-
man et al 39 studied the effects of acclimatization on 6 men
who, after 16 days at 4,300m, stayed for 8 days at sea level,
returning then to the previous altitude, but at this time in a
hypobaric chamber. Even though the performance of the
submaximal exercise was not maintained after the return to
the altitude, several responses of acclimatization were retai-
ned. These responses lasted longer than necessary for
acclimatization, except for the HR; this fact may be explai-
ned by the rapid changes of the autonomous nervous sys-
tem. Some individuals, whose work is athletic competition
or recreational activities involving intermittent journeys
into high altitudes, may benefit from the responses to pre-
vious acclimatization.

Diseases of altitude

Even though acute mountain sickness (AMS), high-
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altitude pulmonary edema (HAPE) and high-altitude cere-
bral edema (HACE) are distinct disorders, they relate to each
other. They usually occur in young and healthy people as a
result of poor acclimatization. The more severe forms of
HAPE and HACE are not necessarily preceded by MAS 26.

Acute mountain sickness (AMS) – AMS is the most
common of all. It is usually self-limited and rarely leads to
death. Symptoms appear between 4 and 8 hours after arrival
at the altitude 35, and the most characteristic ones are the
following: headache, nausea, insomnia, anorexia, and
dyspnea 17,26,38. Despite the individual tolerance to hypoba-
ric hypoxia, the best way to prevent AMS is to ascend
slowly 19,26,38,44. One should also avoid strenuous efforts at
the initial phase of acclimatization, provide a good hydra-
tion ingesting at least 3 liters of water per day, and eat light
meals in which carbohydrates predominate 19,26. In all 3
situations, the best treatment is the descent 19,26,44,45.

Controlled studies have shown that acetazolamide re-
duces the incidence and severity of MAS 17,46,47. Being an
inhibitor of carbonic anhydrase, it facilitates the excretion of
urinary bicarbonate, promoting reduction of the respiratory
alkalosis and, therefore, increasing the respiratory drive
with reduction of the nocturnal hypoxemia 19,26,38,47. Doses
used vary from 125 to 250mg every 12 hours or 500mg in
tablets with prolonged release every 24 hours. Drug intake
should start one day before ascent and continue until 2
days after reaching the maximal height or can be maintained
for longer periods, if the risk of AMS is high 19,26,38,47. The
side effects can include increase in diuresis, epigastralgia,
and paresthesia 19,26,46,47.

High-altitude pulmonary edema (HAPE) – HAPE is a
noncardiogenic pulmonary edema. It is accompanied by
pulmonary hypertension, an increase in the pulmonary
capillary permeability and hypoxemia 48. HAPE typically
occurs in young and healthy mountaineers and is precipita-
ted by rapid ascents at altitudes above 2,500-3,000m 45,48-50.
There is an individual susceptibility and it tends to recur
45,48,49,51. HAPE clinically manifests 2 to 5 days after acute ex-
posure to hypobaric hypoxia, 78% of the cases appear until
the 10th day 38,45, with the following symptoms: abnormal
dyspnea on effort and, later, even at rest, cyanosis, dry cou-
gh that evolves to a mucous-sanguinolent cough, and
tachycardia 19,38. Teleradiography shows diffuse alveolar
images unevenly distributed  19,38,45. The alveolar fluid is rich
in proteins and inflammatory mediators 33,45,52,53.

HAPE is a severe and potentially fatal condition and
immediate descent is mandatory 19,26. If this is impossible or
concomitantly with the descent, the therapeutical scheme
recommended is to inhale oxygen and use 10-20mg of nifedi-
pine by sublingual via plus 20mg of slow-release nifedipine,
which should be repeated every 6 hours 26,38,53,54.

In a double-blind study, the prophylactic use of nifedi-
pine reduced the incidence of recurrent pulmonary edema
in mountaineers during ascent at 4,559m 55. This calcium
channel antagonist decreases the pulmonary artery pressu-

re and increases SaO
2
. A blocking action of the inflammato-

ry response to hypoxia was also described 54.
Inhalation of nitric oxide has been recently tried in the

treatment of HAPE, because of its selective vasodilating ac-
tion upon the pulmonary vascular network 56. Anand et al 56

treated random patients with moderate to high intensity
HAPE with 50% O

2
, nitric oxide at 15 ppm, a mixture of O

2
 and

nitric oxide, and environmental air. They discovered that
both O

2
 and nitric oxide reduce the pressure in the pulmonary

artery and also the pulmonary perfusion-ventilation disor-
der, and improve oxygenation. The results showed an addi-
tive effect with a more significant improvement of the pul-
monary hemodynamics and of the gas exchanges, when O

2

and nitric oxide are simultaneously used.
Pathophysiology of HAPE remains partially unk-

nown. Accumulation of fluid with a high content of protein
in the alveolar space results from an increase in the permea-
bility of the pulmonary vascular endothelium, exceeding
the capacity of reabsorption 53. There are several hypothe-
ses to explain this increase in permeability and some of them
are listed below: 1) pulmonary arterial hypertension 57-59; 2)
hypoxia inducing the release of inflammatory mediators,
such as cytokines, ET-1, and intercellular adhesion molecule
(ICAM-1) 33,52; 3) hyperperfusion of the pulmonary vessels
not undergoing vasoconstriction (hypoxic pulmonary
vasoconstriction is extensive but not uniform) leading to
dilation and high flow in the capillaries and consequent
capillary lesion 60. On the other hand, the rapid normalization
that occurs with oxygen therapy and descent indicates a
preserved pulmonary “architecture” 53. Perhaps the interac-
tion of these and other hypotheses may explain the mecha-
nisms responsible for HAPE.

A study trying to elucidate the reason for a constitutio-
nal predisposition to recurrent HAPE was recently publi-
shed. Hanaoka et al 49 showed that some human lympho-
cyte antigens (HLA) are increased in Japanese patients
with HAPE, especially those with the recurrent disease.
HLA-DR6 and/or HLA-DR4 were most frequently found in
Japanese individuals with HAPE than in a control group.
The HLA-DR6-positive individuals with HAPE had signifi-
cantly higher pulmonary arterial pressures than other HLA-
DR6-negative patients with HAPE. The authors say that at
least some cases of HAPE are immunologically mediated,
perhaps through a greater susceptibility to pulmonary hy-
pertension. This study supports the observations of Stei-
nacker et al 61, who found a smaller pulmonary vasocons-
triction, a greater vascular capacitance and a greater ventila-
tory response during exercise in individuals resistant to
HAPE compared with those who had HAPE.

High-altitude cerebral edema (HACE) – It usually
happens at altitudes higher than 4,500m 38. Intense heada-
che, mental confusion, hallucinations, and ataxia 19,38 charac-
terize HACE. The victim is usually tired, with no conditions
to objectively evaluate his/her own status, may have hallu-
cinations and walk like a drunken person 19. The fine move-
ments of the hands, fingers and eyes are affected 19. Edema
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and petechial hemorrhages are typically found in the brain at
autopsy 19. Prevention can be done through a slow ascent,
good hydration and avoidance of strenuous exercises 19,26.
Descent is the treatment and it should be started immediate-
ly because evolution to death can be rapid 19,26,38. Oxygen
improves the symptoms, but when interrupted, the situation
aggravates even more 19. Dexamethasone does not affect
cerebral edema, but reduces the symptoms and, therefore,
makes the descent easier 26.

Sports activities at moderate and high altitudes

There are 3 groups of individuals classified according
to their way of responding to hypobaric hypoxia. The
groups are the following: 1) healthy people living at sea
level or at low altitudes; 2) those who were born and live at
moderate and high altitudes; 3) those with heart diseases,
pulmonary diseases and hemoglobinopathies.

The first group can be subdivided into sedentary,
active and athletic individuals. The acclimatization process
has no direct correlation with the previous level of physical
conditioning. An athlete with high aerobic conditioning is
equally exposed to the diseases of altitude as a sedentary
individual. In absolute values, however, especially after the
acclimatization period, the differences in the cardiopulmo-
nary capacities are kept as at sea level. Physical training and
the intensity of the exercises should be differentiated and
adequate to each subgroup.

The second group is well represented by the Sherpas,
a small ethnic group living in the Himalayas at altitudes
ranging from 3,000 to 4,900m 62. The maximum altitude a man
can permanently live at is 5,300m 63. A large number of
those people provide support to climbers of the highest
mountains in the world, as carriers and mountain guides,
and they usually do this without an extra oxygen supply.

Garrido et al 62 assessed the cardiorespiratory capacity
of 6 Sherpa climbers at sea level. They found a VO

2
max of

66.7±3.7mL/min-1.kg-1 and a ventilatory anaerobic threshold
of 62(±4)% of the VO

2
max. This high functional reserve can

be associated with a process of natural selection and also
with physiological adaptations induced by long training in
a hostile environment 62. Supporting the first hypothesis, a
study showed that in Lhasa, Tibet (3,658m), the newborns
descending from the Tibetans had a higher arterial SaO

2
 at

birth and during the first months of life than the descen-
dents of the Chinese 64. In regard to the second hypothesis,
Curran et al 22 compared within the same ethnic group
Tibetans living at 4,400m and at 3,658m, through a cycloer-
gometric test with direct oxygen consumption at 3,658m.
The authors observed that the first group reached a higher
load of exercise (211+/-6 versus 177+/-7 watts, p<0.01) with
a lower pulmonary ventilation (127+/-5 versus 149+/-5 L/
minBTPS, p<0.01).

The third group has been studied at moderate altitu-
des, 2,000 to 4,000m. Most of the people with heart disease
can safely reach these altitudes, even though hypobaric
hypoxia stimulates the autonomic nervous system and this

response can be exacerbated by physical activity, therefore
increasing the myocardial VO

2 
23,65-67. During the first four

days of exposure to high altitudes, the risks are higher 21,63.
A gradual ascent with limitation of the physical activity to a
level lower than that performed at sea level, the improve-
ment of physical conditioning before ascent and a strict
control of pressure levels, in addition to a therapeutical
scheme, minimize possible complications 65,66. However,
subgroups of patients with pulmonary hypertension, decom-
pensated heart failure, unstable angina, recent acute
myocardial infarction, noncontrolled severe atrial hyperten-
sion, severe pulmonary disease, homozygote sickle cell ane-
mia, recurrent thromboembolic episodes, and patients with a
severe anemia or reduction in SaO

2
 can be at high risk 65,66.

On the other hand, some individuals with the sickle cell trait
have their first crisis of vascular occlusion during exercise at
these altitudes. In competitions, they have the tolerance to
exercise reduced, which until then had not been observed
at sea level 68.

Several sports activities are particularly dependent on
high altitudes and have their peculiarities. A typical example
is mountaineering.

Mountaineering –  As a general rule, in long ascents at
altitudes higher than 3,000m, the positive difference of the
altitudes between two consecutive nights should not
exceed 300m, and there should be two nights at the same al-
titude at every 3 days 26.

Controlled studies have shown that the use of acetazo-
lamide enhances the velocity of ascent by reducing the symp-
toms of AMS and improving physical performance 46,47.
Compared with individuals taking placebo, those using
acetazolamide had a smaller weight loss, a smaller muscle
mass loss and a greater tolerance for effort 46.

To reduce the risks of dehydration caused by inspira-
tion in a cold and dry environment, an abundant hydration
with 3 to 5 liters of liquids per day is fundamental, as well as
a diet rich in carbohydrates, which release more energy (5.0
kcal/L O

2
) than lipids (4.7 kcal/L O

2
) 69.

In regard to coca chewing, a common habit in the
Andean countries, a study carried out at the Instituto Boli-
viano de Pesquisa by Spielvogel et al 70 concluded that the
beneficial effects of the herb were caused neither by an in-
crease in the maximum capacity to exercise nor by its greater
efficiency. Coca chewing increases the plasmatic concen-
tration of free fatty acids and, therefore, can benefit prolon-
ged submaximal exercisers.

Based on studies carried out in expeditions at high al-
titudes, above 7,500m, it has been observed that despite
the extreme hypoxemia, the cardiac function is preserved
with no electrocardiographic evidence of myocardial hypo-
xia 11,71. Disorders of the central nervous system, however,
are frequent and alterations in the motor coordination have
been described persisting for more than 12 months 71.

A relevant point is training athletes who are going to
compete at moderate altitudes, when they come from regions
close to the sea level.
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Athletic training – Limitations of performance in com-
petitions at moderate altitudes were more carefully obser-
ved during the Olympic Games of 1968 in Mexican City, at
2,240 m. Then, the athletes performing predominantly aero-
bic activities did not break records in activities such as long
races. Good performance was observed only in activities of
short duration, such as the 100-m races, in which the mobi-
lization of sources of oxidative energy is small.

Acclimatization usually takes two weeks at moderate
altitudes up to 2,300m. Beyond this altitude, to each additio-
nal ascent of 610m, one week should be added, up to the al-
titude of 4,572m 69, characterizing a gradual acclimatization
considered more physiological and safer.

Our experience with soccer players, who acclimatized
to compete at 3,600m, showed that the major complications
resulting from the altitude such as headache, nausea, vomi-
ting and reduction in performance were observed more
often at the 3rd and 7 th days of stay. These complications
reappeared when the athletes moved to higher places, in a
program of gradual acclimatization 72.

One characteristic of the low threshold of sensitivity
to hypobaric hypoxia that we observed was the elevation of
the HR at rest, when waking up, 24 hours after the arrival at
the altitude, in relation to the HR obtained at the wake up
time at sea level. An 80% increase would indicate clinical
complications at that altitude, requiring an individualized
training 73.

Training at altitude cannot be performed with the same
intensity as that at sea level. Studies of university students
revealed that the intensity of the training at 2,300m would be
60% of the VO

2 
max reached at sea level, at 3,100m it would

be 56%, and at 4,000m 39% of the VO
2
 max74. In practical

terms, we believe there is certain difficulty in maintaining
these levels of intensity, which certainly reach more eleva-
ted levels. Any symptom or clinical sign, however, can limit
the athlete’s physical activity.

It is believed that in prolonged sports competitions
involving races and successive stops, such as soccer and
basketball, the players may suffer little influence of the hypo-
baric hypoxia as a result of a reduced intensity training 75. This
reduction in the intensity of the physical training does not
imply reduction in the tactical training, which should be
maintained. This is especially important so that the players
can get used to a change in the dynamics of the displacement
of the ball consequent to the smaller atmospheric pressure.

We consider the training at progressively higher altitu-
des the best way to prepare a group of athletes to compete
at altitudes higher than 2,600m. Our greatest experience was
with the preparation of soccer players for competitions at
3,600m in the city of La Paz, Bolivia 73.

The training started at low altitude and lasted 15 days.
The workload was assessed considering the cardiorespira-
tory capacity obtained through ergospirometric tests in
treadmill, with direct evaluation of the expired gases. The
workload reached at the anaerobic threshold of the athlete
was applied as base of training, because we considered it
the most practical manner to prepare for the physical restric-
tions observed in hypobaric hypoxia. To exemplify, we
briefly show the results of the ergospirometric evaluation of
15 soccer players for a competition at 3,600m: age range:
26±2 years; VO

2
 max: 61±3.7mL/kg/min; anaerobic thre-

shold: 78±4.6% of the VO
2
 max; training intensity: 200±10m/

min; training HR: 143±12bpm73.
The effect of training was controlled during physical

conditioning, applying the field tests (Guidelines ACSM) 76.
The best results were obtained with an initial training at
2,600m during one week; at 2,900m another week; and at
3,600 m during the week preceding the competition 73.

We observed that after the period of acclimatization,
the return to sea level is characterized by an improvement of
the performance, consequent to training and, possibly, to
the increase in the capacity of oxygen transportation. In the
assessment of a group of 15 athletes, 16 days after a period
of 2 weeks at 2,900 m (Quito, Ecuador) and a reassessment at
700m (Poços de Caldas, Minas Gerais state, Brazil), which is
a nonsignificant altitude, we obtained the following results
of VO

2
 max in field tests 76: at 2,900m, 50±2.8mL/kg/min, at

700m, 57.42±3.6mL/kg/min, with significant differences 72.
Authors studying runners who underwent acclimatization
at 2,300 and 4,000m, however, observed no significant
improvement in the physical capacity after return from the
altitude 77.

Finally, we can conclude that competitions at modera-
te and high altitudes depend on adequate evaluation of the
athlete, individual training regarding parameters obtained
at sea level and at certain altitude, control of the body
weight to establish a balance between caloric intake and
physical activity, good hydration, gradual acclimatization,
and perfect understanding between the technical team and
athletes.
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