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pacity is limited, adherence to the strategy used in a hot/dry
climate (ie reducing heat storage by increasing the sweating
rate) creates a physiological disadvantage (1) that results in se-
vere dehydration. The only way to achieve a match between
heat gain and heat dissipation during outdoor exercise is by re-
ducing the metabolic heat production, thus the intensity.

Swimming
The thermal balance of swimmers is regularly challenged be-
cause of the high heat transfer coefficient of water (2). Al-
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ABSTRACT

The tropical climate is unique in that the seasons are dominated by the movement of the tropical rain
belt, resulting in dry and wet seasons rather than the four-seasonal pattern of changes in temperature and
day length seen in other parts of the world. Humid tropics are characterized by consistently high monthly
temperatures, often exceeding 18°C throughout the year, and rainfall that exceeds evapotranspiration for
at least 270 days per year. Although considerable information has been gathered on the physiological
adaptation to hot/dry climates, data on acclimation to hot/humid climates are still limited.
This review focusses on the effects of the tropical environment on human exercise performance through
studies performed in the Caribbean, with a special emphasis on prolonged aerobic exercise such as swim-
ming, cycling and running.
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RESUMEN

El clima tropical es único en el sentido de que las estaciones están dominadas por el movimiento del cin-
turón de lluvias tropicales, que trae como consecuencias estaciones de seca y lluvia, antes que el patrón
de cuatro estaciones que produce los cambios de temperatura y duración del día, observados en otras par-
tes del mundo. Los trópicos húmedos se caracterizan por temperaturas mensuales consistentemente
altas, que a menudo exceden 18°C a lo largo del año, y precipitaciones que exceden la evapotranspira-
ción durante por lo menos 270 días en el año. Aunque se ha reunido considerable información sobre la
adaptación fisiológica a los climas cálidos y secos, los datos sobre la aclimatación a los climas calien-
tes y húmedos, son todavía limitados.
Esta revisión se centra en los efectos del ambiente tropical sobre el rendimiento de los ejercicios huma-
nos a través de estudios realizados en el Caribe, con un énfasis especial en ejercicios aeróbicos prolon-
gados, tales como la natación, el ciclismo, y la carrera.
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INTRODUCTION
The specificity of the tropical (ie, hot/humid) environment is
the high degree of humidity that does not permit adequate
evaporation. Thus, when the environmental evaporative ca-
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though most studies have reported the effect of cold water on
thermoregulation, swimming in high temperature has demon-
strated increased heart rate, skin circulation and oesophageal
temperature to the same extent as running in a hot environment
(3). We recently demonstrated that the aerobic performance
of young competitive swimmers was affected by the combina-
tion of the high convection and conduction capacity of water
and the use of the silicone swim cap (SC) usually worn for
training and competition. These youngsters swam in a 33°C
swimming pool in hot/humid climate (29.2°C and 74% rh) and
the results indicated that swimming with SC on the head could
be a stress for the central command of sudation, ie the hypo-
thalamus, which is particularly sensitive in children (4). We
concluded that physiological limitations had occurred and long
distance swim performance was curtailed in these children.
Because thermoregulation during training sessions may de-
crease training intensities and thereby have a negative effect
on future performance in competition, we therefore recom-
mended that young competitive swimmers and their coaches
envisage removing the SC during training sessions and com-
petitions of 800-m or more in a tropical environment.

Cycling
Prolonged submaximal cycling performance is greatly de-
creased by dehydration and/or hyperthermia in the laboratory
(5), in which convective and evaporative cooling is likely to be
less than that encountered in outdoor competition. In outdoor
conditions, elite cyclists ride at speeds ranging from 20 to 50
km.h-1, which generate an equivalent facing windspeed that
normally allows for enough thermoregulation. Saunders et al
(6) compared cycling at different air velocities in the laboratory
in warm and humid conditions and demonstrated that when air
velocity is 33 km.h-1 or higher, the evaporative capacity of the
environment increases proportionately so that excess heat is
reduced. These conclusions were corroborated by our group
(7) during the Tour of Guadeloupe (a 9-day cycling race; mean
conditions: 31°C and 76% rh) for which we demonstrated that
the physiological parameters (ie mean heart rate, lactate re-
sponse) and performances (ie average speed) did not differ
from those recorded during similar events performed in neutral
conditions. These findings highlight the positive effects of
high convection (linked to high cycling velocity) in tropical
climates.

Running
As running speeds are lower than cycling speeds, the effect of
air convection is of less importance. Heat production in run-
ning has been described as depending on (ie increasing with)
the athlete’s body mass and speed (8), and in prolonged run-
ning events such as the marathon, thermoregulation can be a
problem. Because heat production in running depends on body
mass and especially muscle mass (iemuscle producing most of
the heat during exercise) and heat loss depends on surface area,
an athlete’s body mass has an approximately two-fold greater
effect on heat production than on heat dissipation (9). Run-

ning speed also increases heat production more than heat dis-
sipation, and while heat production depends on absolute run-
ning speed, heat exchange by convection and evaporation is
determined by the square root of the velocity of air flow over
the skin (9). In fact, in hot/humid climates with heat dissipa-
tion mechanisms at their limits, runners with lower body mass
have a distinct thermal advantage: producing and storing less
heat at the same running speed, they can run faster or farther
before reaching a limiting rectal temperature (10). Notwith-
standing the ethnic difference, Marino et al (11) demonstrated
better performances in African runners (ie with smaller body
size) than Caucasians (ie with greater body size) in warm and
humid but not in cool environmental conditions, with both pop-
ulations being equally acclimated.

Adaptation to hot and humid climate when exercising
Case of acclimated versus unacclimated individuals
Heat acclimation (HA) refers to an increase in heat tolerance
while working or exercising under stress conditions (12). The
physiological adaptations of HA include increased cardiac out-
put, stroke volume, sweat rate and blood plasma volume; de-
creased heart rate (HR), core, rectal and mean skin temperature
at rest (13); and increased oxygen consumption at a given work
rate along with earlier sweating during exercise (12). Although
some of the processes have been demonstrated to also occur
within 8 and 14 days in tropical climates (14, 15), the full ac-
climation expected by athletes (ie to be able to reproduce the
same performance in a stressful climate after acclimation as in
neutral environment) has failed to become a reality.

We demonstrated significantly lower performance dur-
ing a maximal incremental outdoor running test in high-level
triathletes (coming from temperate climate) after 8 and 14 days
of acclimation in tropical climates (14, 15) putting into evi-
dence the difficulty of fully acclimating to the tropical envi-
ronment. The subjects of the studies were well-trained, had
high VO2max, and trained for more than two hours per day in
the tropical climate (ie they trained for 4 h.day-1, the same
training schedule as in neutral climate), which are the three
characteristics reported to facilitate the acclimation process
(16, 17) .

Some authors have demonstrated that acclimated indi-
viduals (ie people native to or having lived in a tropical cli-
mate for at least two years) better thermoregulate with
suppressed sweating (18), which provides the advantage of
preserving body fluid and osmoregulation. However, this adap-
tation was demonstrated to be insufficient during prolonged
exercise at high intensity. Saat et al (19) demonstrated that
subjects, or natives acclimated to tropical climates, had lower
sudation and higher skin temperature (ie resulting in higher
vapour pressure at the skin surface, thus improving evapora-
tion) and rectal temperature at 40%VO2max, but Voltaire et al
(20) demonstrated that natives to tropical climates had signifi-
cantly lower one-hour cycling performance at 80% HRmax in
tropical than in neutral climate.
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Sex and/or anthropometric effects
The advantages of smaller body mass when distance running
in warm and humid conditions have been demonstrated (9).
The impact of the body surface area/mass ratio suggests that
women are in a better situation to thermoregulate in hot/humid
climate. Normally, men display better thermoregulation ca-
pacity due to a faster sweat rate and a larger body mass, en-
abling greater heat accumulation. In hot/humid climate,
however, they are unable to benefit from their higher sweat
rate because of the reduced evaporative capacity of humid air.
In fact, their greater sweat loss induces dehydration and a con-
sequent loss in exercise performance.

Training prescription in hot and humid environment
Testing in a climatized laboratory versus training in hot and
humid conditions?
Target HR recommendations are often based on the results of
laboratory exercise tests performed in climatized rooms. Ven-
tilatory thresholds, determined during progressive exercise
testing, are important predictors of both performance and train-
ing recommendations in endurance exercise (21). Thus, de-
termination of the specific HR associated with these thresholds
is of great use in prescribing adequate training loads based on
HR data.

During exercise in a hot/humid environment, both de-
hydration and hyperthermia occur rapidly, affecting the car-
diovascular system: the fluid loss by sweating induces an HR
drift that could disturb the relationships between HR and ven-
tilatory thresholds. Hyperthermia has a direct effect on venti-
lation (22) and a direct effect of increased core temperature has
been hypothesized to cause a change in the equilibrium con-
stants of the CO2 buffer system, resulting in a diminished ca-
pacity to buffer CO2 by body fluids (23). Therefore, testing
athletes in a climatized laboratory could yield data that cannot
be generalized to training in a tropical environment. We re-
cently conducted a study to determine whether ventilator
thresholds are similar in tropical and neutral conditions in
Guadeloupean elite cyclists performing a maximal cycling test
(24). We observed that hyperthermia occurred in the tropical
condition without significant difference between the two con-
ditions regarding the parameters usually used to prescribe
training loads. That suggests that testing cyclists in a clima-
tized laboratory will yield good information for training pres-
cription in tropical climate.

Optimization of performance in hot and humid Environment
Because the hot/humid environment decreases performance if
no convection is available, athletes who plan to compete in this
climate need to be well advised. First, well-trained subjects
acclimate better than less trained subjects (16). Secondly, if
14 days is not sufficient to reach the same performance level
as in a neutral climate, a physiological process occurs between
8 and 14 days that increases thermoregulation (14, 15). Third-
ly, two hours of daily training facilitates the acclimation
process (17) and, lastly, hyperthermia and dehydration are

worse than hyperthermia alone (25). Thus, a well-trained ath-
lete with high aerobic capacity, arriving in the hot/humid cli-
mate at least 10 days before the sporting event and willing to
hydrate as recommended (25), could certainly perform opti-
mally, despite the insurmountable deleterious effects of the hot
and humid climate on prolonged sporting performance.

PERSPECTIVES
Training in a tropical climate to increase performance in neu-
tral climate
Training in a tropical climate in order to optimize performance
in a neutral climate seems to be as interesting as training at an
altitude. Hypervolaemia is one of the most important (and per-
formance-related) adaptations that occurs during aerobic ex-
ercise (26) and relative humidity is the most important factor
of environmental stress (27). It induces a high level of sweat-
ing, which lowers heart rate and internal body temperature in
relation with hypervolaemia. We have demonstrated the pos-
itive effect (ie a 10% increase in performance in 400-m front
crawl swimming) of eight days of training in tropical climate
for high-level swimmers (28). However, similar to the obser-
vations for altitude training, the decay of acclimation to tropi-
cal climate is variable (17) and should thus be carefully
studied.
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