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Myocardial functional responses do not 
contribute to maximal exercise performance 
in the heat
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Abstract 

Background: Both the extent and means by which maximal oxygen uptake (V̇O2max) is depressed by elevated 
ambient temperature are uncertain. Particularly, information is currently unavailable regarding the possible influence 
of alterations in myocardial function on V̇O2max and performance during exercise in the heat. This study investigated 
the effects of environmental heat on V̇O2max, peak work capacity, and myocardial function during a standard, pro-
gressive cycle test to exhaustion. Twelve euhydrated men (aged 20.7 ± 1.7 years) performed a maximal cycle test in 
an environmental chamber in both heat stress [35°C, 30% relative humidity (RH)] and temperate (20°C, 30% RH) condi-
tions with measurement of standard gas exchange variables, core temperature, and echocardiographic measures of 
cardiac function.

Results: A small but statistically significant reduction of peak work capacity was observed in the heat stress versus 
temperate conditions (253 ± 30 and 259 ± 30 W, respectively, p = 0.02). Mean V̇O2max was not statistically different 
in the two conditions (p = 0.16) but values were 3.4% lower in the heat, and 9 of 12 participants demonstrated lower 
values in the heat stress trial. No differences in responses of heart rate, cardiac output, stroke volume, core tempera-
ture, hydration status, or myocardial systolic or diastolic function were observed between the two conditions, but 
perceived body temperature was higher in the heat.

Conclusions: The small, negative impact of heat on exercise performance and V̇O2max could not be explained by 
disturbances in myocardial functional responses to exercise in young adult males.
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Background
Understanding the influence of ambient heat on human 
motor performance bears importance not only for ath-
letes but health care providers in occupational and mili-
tary medicine as well. Moreover, such information can be 
expected to provide insights into the basic physiological 
mechanisms which define exercise-induced fatigue.

Currently, research indicates that the effects of elevated 
environmental temperature on exercise capacity depend 
on the form of exercise being performed. During aerobic 

endurance exercise (i.e., events >30  min), elevations in 
ambient temperature clearly negatively influence per-
formance in models of submaximal treadmill and cycle 
exercise time-to-fatigue [1, 2], as well as finish times in 
competitive race events [3].

This effect has been explained by a reduction in skeletal 
muscle perfusion caused by (a) a fall in plasma volume 
due to sweating-induced dehydration, and (b) a ther-
moregulatory “steal” of circulatory flow to the cutane-
ous circulation for convective heat dissipation from the 
skin [4, 5]. However, a review of recent studies indicates 
that reductions in endurance performance in the heat are 
observed in euhydrated participants without evidence 
of diminished muscle perfusion, supporting the alterna-
tive concept that elevations in core temperature trigger 
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