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The current study assessed sex differences in thermoregu-
latory and physiological adaptation to short-term
(STHA) and long-term heat acclimation (LTHA). Sixteen



body temperature by ∼0.34 °C, the onset threshold for
sweating by 0.29 °C, and the body temperature threshold
for cutaneous vasodilation by 0.23–0.30 °C (Inoue et al.,
2005).

Heat acclimation (HA) improves heat transfer from
the body’s core to the skin and ultimately to the external
environment, serving to attenuate physiological strain
and improve exercise capacity (Sunderland et al., 2008;
Lorenzo et al., 2010). HA reduces heat storage, partially
as a result of adaptations to the sudomotor function
causing an increase in whole body evaporative heat loss
(Poirier et al., 2014). Additionally, HA increases blood
volume preserving stroke volume and reducing heart rate
(HR) at a given workload (Frank et al., 2001; Lorenzo &
Minson, 2010). For a more comprehensive review of
adaptation to exercise heat stress, the reader is referred to
a recent review article on human heat adaptation (Taylor,
2014).

There is a dearth of literature assessing female’s
responses to HA. Previously, the physiological responses
of males and females to 10-day fixed intensity HA were
assessed with females initially exhibiting lower rectal





lower in STHA (484 ± 105 kJ) compared with LTHA
(570 ± 124 kJ). There was no interaction effect of HA
phase and sex for total work [F(1, 14) = 0.186, P = 0.673,
np2 = 0.013].

ANOVA revealed a main effect of HA phase on dura-
tion Tr ≥ 38.5 °C [F(1, 14) = 4.982, P = 0.042, np2 =
0.262]. The duration Tr ≥ 38.5 °C was higher in STHA
(49 ± 8 min) compared with LTHA (46 ± 8 min). There
was no interaction effect of HA phase and sex for
duration Tr ≥ 38.5 °C [F(1, 14) = 0.513, P = 0.486,
np2 = 0.035].

Physiological responses during HA (days 1–5
and 5–10)

Thermoregulatory responses

There was a main effect of HA day on resting Tr (Tr



STHA(RHTT1 to RHTT2) (−0.23 ± 0.32 °C, P = 0.018),
LTHA(RHTT2 to RHTT3) (−0.26 ±



P =



In the current study, males demonstrated more adapta-
tion following STHA compared with females with a
reduction in Trrest (−0.24 ± 0.16 °C) and Trpeak

(−0.32 ± 0.36 °C); these changes did not result in any
changes in Trchange. The magnitude of reduction in Tr is
very similar to the 0.3 °C observed by Garrett et al.
(2012) following 5 days of controlled hyperthermia.
Endurance performance is markedly impaired in hot
compared with temperate environment due to an
increase in core temperature causing a decrease in
central activation (Nybo & Nielsen, 2001). Attenuation
of the Trpeak may lessen or delay the likelihood of indi-
viduals obtaining or expressing signs of heat-related ill-
nesses when training, working, or competing in the heat,
demonstrating the effectiveness of STHA in males.

In the current study, exercise intensity, exercise dura-
tion, and total work performed were higher during
LTHA compared with STHA. This increased exercise
intensity was administered to elicit and maintain the
target core temperature of 38.5 °C. The higher exercise
intensity during LTHA would result in a higher meta-
bolic heat production compared with STHA. Because
total heat loss during exercise is predominantly a func-
tion of evaporative heat loss, a greater rate of metabolic
heat production in LTHA, with comparable Tr values
achieved, suggests an increase in evaporative heat loss



adaptation may be more protocol dependent. In the
current study, females obtained no additional benefit to
the sudomotor function as a result of LTHA; however, an
increase in SR was observed from RHTT2 to RHTT3 in
male participants.

Limitations
The exercise elicited during the HA sessions was per-
formed at 65% of !VO2max. Females in the current study
had a lower absolute !VO2max compared with male par-
ticipants; consequently, they worked at a lower meta-
bolic heat production providing a lower stimulus for
sweat production (Gagnon et al., 2008, 2013; Cramer
& Jay, 2014). Furthermore, females in the current study
had a lower body mass compared with the male par-
ticipants which entails less heat storage, and therefore a
lower exercise intensity is required to increase their
body temperature to 38.5 °C (Gagnon et al., 2009).
Consequently, the stress imposed during the HA ses-
sions was likely lower in female participants, poten-
tially constraining adaptation and influencing the time
course of adaptation due to inadequate endogenous
heat strain. Future research is warranted to quantify
these potential differences between males and females.




