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Endurance exercise is any type of
cardiorespiratory exercise being performed
over an extended period of time (Gibson,
Wagner and Heyward, 2019).
That definition, of course, is a bit of an oversimplification,
as the performance of endurance exercise involves the
complex interaction of multiple physiological functions. That
said, endurance performance can be characterized by one
requirement—the need to sustain repeated skeletal muscle
contraction. This holds true whether a person is hiking,
rowing, cycling, cross-country skiing or running a marathon.
According to researcher Lance Dalleck, PhD, three
key markers of endurance performance are used in
most research:
•
1. Maximum oxygen uptake (V O2max) refers to the highest
rate at which oxygen can be taken up and consumed by
the body during intense exercise (Bassett and Howley,
•
2000). There are two components of V O2max: (1) the
ability of the cardiorespiratory system to transport
oxygen to the exercising muscles and (2) the ability of
exercising muscles to extract and utilize that oxygen.
2. Lactate threshold refers to the intensity of exercise at
which there is an abrupt increase in blood lactate
levels. Having a higher lactate threshold means the
individual is capable of maintaining a higher intensity of
steady-state exercise (which occurs below the lactate
threshold) during endurance exercise, and can therefore
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maintain faster steady-state tempos during training or
racing. In untrained individuals, the lactate threshold
•
occurs at approximately 50 to 55% of V O2max this can
generally be improved to 75% with endurance training,
with values of 80 to 90% having been reported in elite
endurance athletes (McArdle, Katch and Katch, 2015).
3. The term “economy” is used to express the oxygen
consumption required to perform a given exercise
workload, regardless of the type of endurance activity
•
(Daniels, 1985). Individuals with similar V O2max values
can have different endurance performances depending
on their economy of movement, which can be improved
with better biomechanical technique (Robergs &
Roberts, 1997).
The most common approach to increase this triad
of markers is a combination of increased training
volume, steady-state exercise and interval workouts.
However, this strategy may lead to an increased risk of
overtraining and injury.
An alternate method of improving endurance
performance involves the use of more strategic recovery
practices. Past research has provided some preliminary
evidence that exercise in conjunction with passive heat
exposure confers endurance-related benefits (Zurawlew
et al., 2016; Scoon et al., 2009). The favorable adaptations
from post-exercise heat exposure (e.g., hot water
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immersion) include, but are not limited to, an earlier onset of
cutaneous vasodilatation and sweating, increased plasma
volume and greater red blood cell mass via upregulation of
HIF-1A (Zurawlew, Mee and Walsh, 2018).
ACE enlisted the help of Lance Dalleck, PhD, and
his team of researchers in the High Altitude Exercise
Physiology Program at Western Colorado University
to examine the effects of two post-exercise passive
heating strategies—wearing a sauna suit and hot water
•
immersion—on V O2max, lactate threshold and economy.

The Study
The participants for this study were 30 men and
women, ages 18 to 50, none of whom had more than one
cardiometabolic risk factor (i.e., elevated blood pressure,
blood lipids and/or blood glucose).
The participants were randomized into three groups: (1)
a control group that performed exercise training but did not
use either of the passive heating strategies, (2) a group that
performed exercise training with post-exercise hot water
immersion and (3) a group that performed exercise training
and wore a sauna suit post-exercise.
At baseline and at the end of the study, all participants
completed a running economy protocol that consisted of
three stages of increasing speed: Stage 1 = 4.6 mph, Stage
2 = 5.0 mph, and Stage 3 = 5.4 mph. They also completed
•
maximal exercise testing to measure V O2max and lactate
threshold. Each participant’s first and second ventilatory
threshold (VT1 and VT2) were also obtained during
maximal exercise testing.
All participants completed a standardized three-week
training program (Table 1). Three days a week (Monday,
Wednesday and Friday), the participants performed
moderate-intensity continuous training at VT1. One day
a week (Tuesday), they performed high-intensity interval
training at 100% of VO2max. And one day a week
(Thursday), they performed steady-state training at VT2.
All sessions included a five-minute warm-up and cooldown at a rating of perceived exertion (RPE) of 2 on the
0-to-10 scale. Interval bouts were interspersed with 2.5
minutes of active recovery.
The two non-control groups underwent passive heat
recovery after the Monday, Wednesday and Friday

workouts. For the hot water immersion group, participants
sat in a hot tub (~102° F; 39° C) with only the head above
the water surface for 30 minutes. Those in the sauna suit
group wore a full-body sauna suit (Kutting Weight hoodie
and pants) for 30 minutes.
Importantly, participants ingested core temperature
sensors on two occasions during week 1 of the study
to ensure the hot water immersion and sauna suit
protocols were safe and to identify possible underpinning
mechanisms of how these treatments were beneficial to the
•
improvement of V O2max, economy and lactate threshold.

The Results
The physical and physiological characteristics of the
participants at baseline and after week 3 are presented in
Table 2. Note that six participants were unable to complete
the study due to issues not related to the study itself, so
the results reflect only 24 participants. Overall, there was
excellent adherence to the total number of training sessions
within all three groups (94% or higher).
•
After three weeks, mean V O2max changes and lactate
threshold changes in the sauna suit and hot water
immersion groups were statistically significantly greater
when compared to the control group. Only in the hot
water immersion group were there statistically significant
improvements in running economy between baseline and
three weeks for all three stages.

Table 1
Intervention and Progression Details for the Three-week Exercise Training Program
Week
1

Monday

Tuesday
•

20 min at VT1

2

4 x 1 min at 100% V O2max
•

25 min at VT1

3

6 x 1 min at 100% V O2max
•

30 min at VT1

8 x 1 min at 100% V O2max

Wednesday

Thursday

Friday

20 min at VT1

10 min at VT2

20 min at VT1

25 min at VT1

15 min at VT2

25 min at VT1

30 min at VT1

20 min at VT2

30 min at VT1

•

Note: VT1 = First ventilatory threshold; V O2max = Maximal oxygen consumption; VT2 = Second ventilatory threshold
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Table 2
Physical and Physiological Characteristics at Baseline and Three Weeks for Control, Sauna Suit and Hot Water
Immersion Groups (Values are mean ± SD)
Control Group
(N=8)

Sauna Suit Group
(N=7)

Hot Water Immersion
Group (N=9)

Parameter

Baseline

3 Weeks

Baseline

3 Weeks

Baseline

3 Weeks

Age (years)

26.6 ± 11

—

24.8 ± 17

—

22.9 ± 11

—

Height (cm)

165 ± 29

—

168.6 ± 30

—

177.7 ± 3

—

Body mass (kg)

64.7 ± 30.2

64.7 ± 31.7

65.1 ± 38.8

64.3 ± 36.7

72.9 ± 39.4

72.8 ± 36.4

Economy – stage 1 (mL/kg/min)

24.3 ± 2.3

23.1 ± 4.4

24.5 ± 3.4

24.0 ± 2.4

24.8 ± 1.8

22.3 ± 3.8*

Economy – stage 2 (mL/kg/min)

27. 6 ± 3.9

26.5 ± 4.5

28.2 ± 2.4

27.3 ± 3.0

28.0 ± 1.9

26.1 ± 3.4*

Economy – stage 3 (mL/kg/min)

29.7 ± 3.8

29.0 ± 5.8

31.2 ± 1.7

29.6 ± 3.5

30.2 ± 2.2

28.1 ± 3.5*

59.8 ± 4.4

62.8 ± 5.4*

57.3 ± 4.0

65.2 ± 4.7*†

58.6 ± 6.9

67.0 ± 7.7*†

39.4 ± 15.2

40.5 ± 15.9

42.2 ± 10.6

45.5 ± 12.9*†

46.3 ± 25.4

49.7 ± 26*†

•

Lactate threshold (% V O2max)
•

V O2max (mL/kg/min)

Within-group change is statistically significantly different from baseline, p < 0.05
†Change from baseline is statisticºally significantly different from control group, p < 0.05
*

•

Note: SD = Standard deviation; V O2max = Maximal oxygen consumption

•

Incidence of VO2max Responders and Non-responders
•

The incidence of V O2max responders and non-responders
to the exercise program is an important consideration. In
the control group, 50% of individuals were categorized as
responders, meaning there was a greater than 3.2% change
•
in V O2max. In the sauna suit and hot water immersion
•
groups, 100% of participants were V O2max responders.

Core Temperature Responses
Both passive heating strategies
were equally sufficient to raise
core temperatures, and both
stayed below temperatures (102°
F; 39° C) that might increase the
risk of heat illness.

The Bottom Line

“. . . the improvements

in endurance-related
parameters were
obtained with a minimal
investment of additional
time and no additional
training . . .”

Based on the results of this study,
passive heating strategies (i.e.,
wearing a sauna suit or using hot
water emersion for 30 minutes)
following moderate-intensity continuous training while
keeping the core body temperature below dangerous levels
may lead to statistically significant
•
V O2max and lactate threshold changes.
Exercise professionals should have a fundamental
appreciation of the three critical performance-defining
physiological parameters discussed in this research—
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•

V O2max, lactate threshold and economy—as this will
provide a foundation upon which to design comprehensive
training programs to optimize endurance performance.
Dalleck says that perhaps the most important element
of the finding of this study is the practicality of the postexercise passive heating approaches, as the improvements in
endurance-related parameters were obtained with a minimal
investment of additional time and no
additional training.
“This strategy allows people to
augment their training without
adding volume and/or intensity,”
Dalleck says. “This means they can
achieve performance gains without
increasing the risk of overtraining
or injury.”
Post-exercise passive heating can
also be used to preserve training
adaptations if a client is traveling,
tapering a periodized program or
trying to preserve fitness during an
off-season program.
It is important to highlight the fact that researchers do
not know if “more is better” when it comes to post-exercise
passive heating, so individuals should not go beyond the
30 minutes used in this research in an attempt to make
further gains. In addition, they should not go above the
temperatures used in this research, as reaching higher core
body temperatures can be incredibly dangerous.
ACE CERTIFIED • April 2020

|

3

Finally, the research team encourages exercise
professionals to recommend proper hydration practices.
All participants were encouraged to drink plenty of fluids
throughout their exercise sessions and while engaging in
the post-exercise passive heating protocols. 
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peer-reviewed International Journal of Research
in Exercise Physiology.
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