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ABSTRACT 

Background: Sporting events are commonly held in environments that differ from an athlete’s 

typical training environment, impacting performance. To maximize performance and tolerance of 

said environments, athletes often employ adaptation strategies in natural or controlled-stress settings 

prior to competition. The purpose of this case study was to determine if post-exercise sauna bathing 

could augment performance in University-level track and field athletes competing in temperate 

[TEMP] as well as hot and humid environments [HOT]. Methods: Two male runners partook in a 

three-week heat acclimation (HA) protocol. Athletes completed a total of 16 post-exercise sauna 

sessions (total time: 600 minutes at ~40-50oC, 5-10% humidity) and 2 heat chamber runs (90 

minutes at ~12-15 kmph and a constant 38.5oC, 5-10% humidity). Blood was sampled pre- and post- 

HA to assess plasma volume (PV) percent change (∆). Results: PV increased by 13.5% and 4.9% 

following HA. Both athletes had lifetime personal bests in the 5-km in the TEMP competition, 

posting an average improvement of 1.3±0.8% from their previous personal best. Of the two athletes, 

one competed at the HOT competition in 2015 for the 10-km and ran 1:40.4 faster in 2016, reducing 

their time to completion by 5.0%. Conclusions: Post-exercise sauna bathing could be a practical 

and time-efficient method to enhance track and field athlete performance in 5- and 10-km events in 

both temperate and hot conditions.  
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INTRODUCTION 

 

Major national and international 

sporting events are commonly held in 

environments that are highly stressful for 

intense exercise, such as in heat and humidity 

(e.g., 2016 and 2020 Summer Olympics) 

and/or in extreme cold (e.g., 2014 Scarpa 

ISMF World Ski Cup). Combined stress from 

heat and cold can even occur within one event 

(e.g., triathlon or Western States 100). Un-

compensated heat stress without proper 

dissipation of thermal load can lead to 

hyperthermia and death, and training or 

competing in hot weather can severely hamper 

one’s performance by 2-57% in team sports [1-

3]. Furthermore, moderate (11-18oC) to severe 

(-20-10oC) cold exposure can severely hamper 

an individual’s performance in simple 

cognitive tasks including memory, vigilance, 

decision making, dexterity, reaction time and 

grip strength [4-7]. Thus, athletes usually try 

to adapt to natural [8, 9] or controlled-stress 

settings [10] prior to competition, to maximize 

performance and tolerance of those 

environments.  

 

A rapid onset of acclimation occurs 

over the course of 6 days that involves a 

reduction in heart rate, resting and working 

core and skin temperatures, as well as an 

improvement in thermal comfort and an 

expansion in plasma volume (PV) [11, 12]. 

This increase in PV is one of the key drivers of 

an increase in performance after heat 

acclimation (HA). This performance benefit is 

derived from an increase in cardiac output, 

resulting in a higher maximal oxygen uptake 

per given effort level [13]. During chronic 

stimuli to thermal stress (12-14 days), there 

will be an alteration in sudomotor and 

vasomotor responses, such as: a reduction in 

sweating onset, an increase in the amount and 

rate of sweating, a change in mineral 

concentration in said sweat and an improved 

redistribution of blood flow to the peripheries 

for heat exchange [11, 12]. It is still unknown 

if HA and/or acclimatization protocols lasting 

≥30 days would provide further benefits.  

 

Since ambient heat stress impacts 

almost all physiological systems, studies have 

therefore examined how heat stress-induced 

adaptations could improve performance in 

cool [14], normothermic [15] and hypoxic [16, 

17] conditions. Until recently, most athletes 

either needed to visit a tropical environment or 

use a highly technical, expensive, 

environmental chamber to adapt to hot 

environments. Even when athletes have access 

to the latter, the traditional 90-minute 

exposure, for five consecutive days in 35-

40oC, 40% humidity can be poorly tolerated by 

athletes since it can lead to blunting of their 

ability to recover and properly taper since most 

short-term heat acclimation protocols are 

undertaken shortly prior to competition and/or 

travel [18]. Secondly, such a protocol can alter 

athletes’ habitual training or be of insufficient 

duration since full acclimation can takes more 

than 14 days [11]. Thus, scientists have started 

utilizing various passive heat stressors to 

practically and efficiently adapt athletes [19].  

 

Three studies have shown that post-

exercise sauna bathing (~90oC) for 30 min, 

with a total of 10-13 sessions over a ~1.5-3-

week period can increase PV by ~7-18% and 

significantly lower heart rate in moderately or 

well-trained athletes [20-22]. Intriguingly, a 

recent study of cross-adaptation [14, 23] 

demonstrated this effect with a passive heat 

acclimation (HA) protocol independent of 

exercise  [24]. Researchers demonstrated that 

a short, 11-day period of sitting in a hot 

ambient condition (48-50oC, 50% humidity) 

for 60 minutes/day, significantly improved the 

participants’ skeletal muscle contractility in 

both cool (24oC, 40% humidity) and hot (44-

50oC, 50% humidity) conditions (≥ 9-17%) 

[24].  
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The current state of the literature on 

practical methods (e.g., using a sauna at a local 

recreational center) to adapt to the heat remain 

scarce and inconsistent. Therefore, the purpose 

of this case study was to assess a practical and 

economically efficient HA protocol that could 

be used by athletes competing in a very hot, 

humid environmental condition. A secondary 

purpose was to determine if athletes would 

also have a boost in their performance in 

temperate conditions.  

 

Background & Athletes 

Two trained University-level male 

track and field athletes (age: 22±1 years; 

weight: 68.5±0.5 kg) partook in this field-

based post-exercise sauna protocol to 

acclimate to the heat in preparation for a major 

track and field competition in Alabama, 

U.S.A. [HOT]. At the time of the post-exercise 

sauna protocol, athletes had been running for a 

Division 1 Collegiate Track Program for 2 and 

3 years, with a total of 10±2 years of 

competitive running. Training and the post-

exercise sauna protocol was undertaken during 

the months of April (avg weather: 11.7oC, 78% 

humidity) and May (avg weather: 14.4oC, 74% 

humidity) in Vancouver BC, Canada. Each 

athlete was healthy, cleared to run by their 

medical doctor and had no history of heat-

related illness. Both athletes subjectively 

informed the researchers that they routinely 

performed poorly in race situations in the heat. 

Each athlete approved and provided verbal 

consent for participating in all protocols as part 

of the demands of their sport [25] and provided 

further written informed consent for the 

publication of this case study. 

 

Post-exercise Sauna Protocol 

Athletes completed 16 periodized post-

exercise sauna sessions (total time: 600 

minutes) and 2 heat chamber runs (90 minutes 

at ~12-15 kph) over a course of 31 days in 

preparation for one race each in cool (TEMP: 

12-14oC, 90% humidity) and hot, humid 

environments (HOT: 28-29oC, 70% humidity). 

Recovery days, which consisted of no sauna 

exposure, were strategically implemented 

prior to competition to minimize fatigue and 

maximize recovery following the initial 

acclimation phase (Day 1 to Day 13). 

Acclimation Days 1 to Days 13 were 

completed continuously since daily heat stress 

for acclimation purposes appears to be 

superior to a non-continuous protocol [26]. 

There was no sauna or heat exposure during 

travel days. Sauna temperature was ~40-50oC 

(with humidity between 5 and 10%) according 

to the facility utilized by the athletes. The heat 

chamber was set at a constant 38.5oC with 5-

10% humidity (Weiss-Technik, 2014, 

WPH1504-1-30-WC-SSR-X; Heuchelheim, 

Germany). Athletes reported to a local 

laboratory to acquire pre- and post- HA blood 

samples to assess the changes in hematocrit 

(Hct) and hemoglobin (Hb). Hct and Hb were 

utilized to determine the relative percent 

change in PV (∆) via the equation developed 

by Dill and Costill [27]: ∆ PV (%) = 

100x((Hbpre/Hbpost)x(100-Hctpost)/(100-

Hctpre)-1). Baseline measurements for both 

athletes were taken prior to training on the 

same date and time of day. The second blood 

sample varied between athletes. One athlete 

provided the second blood sample the day after 

TEMP (16 days post-baseline). The other 

athlete provided the second blood sample four 

days following CHAMP (32 days post-

baseline). Time of day was not controlled for 

the second blood sample. Times are presented 

in minutes:seconds.milliseconds. An overview 

of the protocol, duration of each session and 

blood sampling time-periods can be seen in 

Figure 1. 

 

Participant Characteristics 

Athlete characteristics from their 2015 

and 2016 training/competition years can be 

seen in Table 1. 
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Figure 1. Schematic of Sauna Protocol 

 

 

 

Table 1. Subject Characteristics 

 

Subject (#) Athlete #1 Athlete #2 

Age (years) 23 21 

Weight (kg) 69 68 

Height (cm) 182 180 

Years of Running 7 6 

Years of Competing at University Level 2 3 

# of Races Ran in 2014 10 15 

# of Races Ran in 2015 15 12 

# of Races Ran in 2016 15 20 

Low Volume Training Week (km) 113 100 

High Volume Training Week (km) 160 150 

Avg Training Volume in 2014 (km) 129 110 

Avg Training Volume in 2015 (km) 145 120 

Avg Training Volume in 2016 (km) 153 130 

 

Performance Results in 5,000 and 10,000m 

Race in Hot and Cold Climates 

Following the entire post-exercise 

sauna protocol, one athlete increased their PV 

by 4.9%. The other athlete increased their PV 

by 13.5% and provided their second blood 

sample after being exposed to 11 post-exercise 

sauna sessions [total time: 415 minutes] and 

two heat chamber runs (the day following 

TEMP). Both athletes had lifetime personal 

bests (1.3±0.8% average decrease in 5-km 

times) in the TEMP competition, two weeks 

into the protocol, running 14:33.3 (-00:16.4 

faster than previous personal best; -1.8%) and 

14:20.1 (-00:06.0 faster than previous personal 

best; -0.7%). Following 3 weeks and 6 days, 

athletes competed in the 5- and 10-km race at 

the HOT competition; running 14:53.4 and 

14:47.9, and 31:11.8 and 32:03.6, respectively. 

Of the two athletes, one athlete in the 10-km 

event had competed in the same event at HOT 

the year prior (2015). They ran 1:40.4 faster in 
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2016 than their previous year, beating their 

time to complete the 10-km race by 5.0% 

(33:40.0 and 32:03.6, respectively). 

 

DISCUSSION 

 

This case study supports the limited 

data available on heat acclimation, and that 

utilizing a highly ecological method that 

repeated post-exercise sauna exposure can 

improve race performance in trained athletes 

competing in hot (28-29oC) and humid (~70% 

RH) conditions. Importantly, the effects 

observed in the present study are not trivial in 

the context of sport, especially elite sport, as 

the improvements in this case study were as 

large as 5% in one athlete. What makes this 

report novel is that this case study was 

conducted in a real-world setting (training, 

acclimation and competition), which also 

provides ecological validity to the study. 

Furthermore, it supports the notion of the 

possibility of cross-acclimation [14, 23]; 

where both athletes had a lifetime personal 

best in cool weather (12-14oC and 90% RH), 

improving the time to complete a 5-km by 

1.3±0.8%. Lastly, PV expansion occurred in 

both athletes following the acclimation by an 

average of 6.9%, indicating that successful HA 

was obtained and provides insights into the 

amount of physiological adaptation that occurs 

from post-exercise sauna exposure. 

 

To our knowledge, published research 

investigating the ability of a passive HA 

protocol to enhance performance is currently 

limited to 27 studies [20-22, 24, 28-50], and of 

those, only eleven utilized a sauna for its heat 

source. Moreso, only six have been performed 

in trained athletes using a sauna; and of the six, 

only two included performance testing 

following HA. Scoon et al [21] showed that 

over the course of three weeks (~13-15 

sessions) of post-workout sauna exposure for 

31±5 min at 89.9±2.2oC increased run time-to-

exhaustion by 32% [21]. This correlated with 

a ~2% reduction in time to finish a 5-km time 

trial. Our case study supports this notion in the 

competition setting by demonstrating that one 

athlete improved their 10-km race time by 

1:40.4, reducing their time to completion by 

5.0%. This improvement could have been 

associated with the increase in PV, which 

increased by 6.9% [13]. In line with these 

findings, Bartolome et al. [33] found a 

significant improvement in maximal oxygen 

uptake following three weeks of passive heat 

acclimation using a dry sauna in semi-

professional football players. Additionally, 

HA has been shown to improve running 

economy [15], pacing strategies [3] and 

individuals’ ability to dissipate thermal load 

[51], which simultaneously bolsters fatigue 

resilience and performance.  

 

The reported temperature used for HA 

in the current case study was significantly 

lower than that used by previous protocols 

[21], but yielded similar expansions in PV and 

improvements in performance. These findings 

could be explained by the longer HA course 

used in the current study, the continuous 

(daily) protocol and/or the longer total 

duration of heat exposure. This longer duration 

acclimation protocol coincides with a another 

study showing benefits at lower ambient 

conditions; the research group showed that 

over a 11-day period of passive exposure to 

48-50oC (50% humidity) for 60 minutes/day, 

the participants’ skeletal muscle contractility 

was increased during a maximal voluntary 

contraction in both cool (24oC, 40% humidity) 

and hot (44-50oC, 50% humidity) conditions 

(≥ 9-17%) [24]. Total time accumulated by the 

subjects was 660 minutes, which aligns with 

the total time for the athletes in the current case 

study. Despite this, we did not take any 

measurements that could assess a plausible 

increase in skeletal muscle contractility. Thus, 

future research should assess a plausible dose-

response in time accumulated and intensity of 

thermal stress on force production. 
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In addition to the benefits shown in 

performance in hot environments, heat 

acclimation/acclimatization has potential 

ergogenic effects in temperate conditions due 

to cold-induced vasoconstriction, dehydration 

and a diminished ability to sweat [52]. Lorenzo 

and colleagues (2010) first investigated this by 

subjecting 12 trained cyclists to a maximal 

oxygen uptake test, time trial performance and 

lactate threshold test following 10 days of HA 

in cool (13oC, 30% humidity) and hot (38oC, 

30% RH) conditions. Following HA, PV 

increased by 6.5±1.5% and led to a 5% and 8% 

increase in maximal oxygen uptake in cool and 

hot conditions, respectively. Performances in 

the time trial, which consisted of total amount 

of work performed in 60 minutes, were 

bolstered by 5% and 8% in cool and hot 

conditions, respectively. Lastly, HA increased 

power output and lactate threshold by 5% both 

in cool and hot conditions. A follow-up study 

showed similar findings when assessing the 

effects of a 10-day heat acclimation protocol 

on thermoneutral maximal oxygen uptake in 

22 amateur cyclists [53]. The authors reported 

a significant 4.9% increase in maximal oxygen 

uptake 4 days following the last heat 

acclimation session. In support of these results, 

recent reviews and meta-analyses have 

confirmed the potential for cross-acclimation 

[16, 54]. Although not as substantial findings 

as Lorenzo and colleagues, we saw a 1.3±0.8% 

increase in time trial performance in both 

athletes in similar conditions (TEMP: 12-

14oC, 90% humidity). The discrepancies here 

could partially be related to the humidity in 

both conditions. It was roughly 90% RH at 

TEMP and ~70% at HOT, compared to the 

30% seen in Lorenzo et al. This in turn, would 

target the beneficial sudomotor adaptations 

that occur with long-term heat exposure, and 

diminish one’s ability to evaporate sweat [55]. 

Although our track athletes had a plausible 

higher thermal tolerance, the uncompensated 

heat stress imposed by the high humidity could 

explain the smaller improvement in time trial 

performance as compared to previous studies 

in highly trained cyclists where humidity was 

lower [15]. 

 

Limitations 

This case study has limitations that 

limit the extent to which the current findings 

might apply to the larger population. One of 

the primary limitations to the current case 

study is the inability to quantify improvements 

in race performance that could have been 

attributed to training or attributed to prior 

experience at the competitions. Secondly, the 

performance environment was not controlled 

due to TEMP and HOT being conducted at real 

world track and field competitions. A third 

limitation to the current case study is the 

difference in timing of the blood samples. The 

athlete with the highest PV expansion 

provided their second blood sample one day 

following the TEMP race, which was 15 days 

following the start of the sauna protocol. The 

second athlete provided their subsequent blood 

sample 16 days later (31 days after the first 

sauna session). Thus, differences in hydration 

and the stage to which they were acclimated 

could have altered the findings. The 

discrepancies could be further explained by the 

timing of the second blood sample in respect 

to the cessation of their last exercise session 

(whether that be training or competition); since 

a single session of intense exercise (such as a 

race) can plausibly alter 24 hour post-exercise 

PV by 10% [56]. Lastly, hydration status was 

not tightly monitored throughout the protocol; 

athletes were requested to hydrate ad libitum 

and dehydration could have confounded the 

PV changes [57]. Despite these limitations, the 

intervention did appear to improve 

performance, suggesting that the ecological 

validity of HA in real-world scenarios is 

plausible. 
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CONCLUSION 

 

Post-exercise sauna interventions may 

be a practical and time-efficient method to 

enhance track and field athlete performance 

competing in 5- and 10-km events in both cool 

and hot conditions. These data indicate that 

post-exercise sauna exposures could be an 

easily implementable intervention for athletes 

who compete in environments with 

temperature-related stressors. As such, future 

research should investigate practical HA 

strategies to understand optimal training load, 

heat exposure, heat progression and other 

relevant parameters in relation to HA.   
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