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Abstract
Objectives: Following heat illness, a return to activity may require passing a heat tolerance test (HTT). However, there are several logistical limita-
tions to the widespread use of the HTT. Thus, it would be advantageous to develop a test that could be conducted in a thermoneutral (~22°C) environ-
ment to predict heat tolerance status. The purpose of the current study was to determine the sensitivity and specificity of using the criteria of a heart 
rate (HR) ≥130 bpm following 30 min of thermoneutral exercise in detecting heat-intolerant and heat-tolerant individuals. Material and Methods: 
Sixty-five subjects visited the lab on 3 separate days. The first visit consisted of completing a maximal oxygen uptake (VO2 max) test to assess cardiovas-
cular fitness. For lab visits 2 and 3, subjects randomly completed a 2-hour walking treadmill test in either a hot (40°C, 40% relative humidity [RH]) or 
thermoneutral (22°C, 40% RH) environment. Results: Forty-eight subjects were classified as heat-intolerant and seventeen subjects as heat-tolerant. 
Using the criterion of a HR ≥130 bpm at 30 min of exercise in the thermoneutral environment, specificity (54%) and sensitivity (100%) of passing 
the HTT was calculated. Secondary analysis using multiple regression revealed 3 significant variables for predicting ending HR during the HTT. They 
were: 1) absolute VO2 max (l/min), 2) age, and 3) HR at 30 min of exercise during thermoneutral exercise. Conclusions: Exercise in a thermoneutral 
environment had a positive predictive value of 100%, thus, if a subject has a HR ≥130 bpm at 30 min of exercise in a thermoneutral environment, they 
are very likely to fail a subsequent 2-hour HTT in the heat and be classified as heat-intolerant. Therefore, prior screening has the potential to save time 
and money, along with providing safety to a heat-intolerant subject. Int J Occup Med Environ Health. 2023;36(2)
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INTRODUCTION
Physical work or exercise in hot environments poses a sig-
nificant physiological challenge to humans [1,2]. To bal-
ance the complex metabolic demands of physical activity 
in the  heat requires a  well-coordinated response from 
both the  thermoregulatory and cardiovascular systems, 
to dissipate heat and thus control body temperature [1]. 
The  ability to manage heat stress in hot environments 

has been found to be influenced by many physiological 
factors, such as cardiovascular fitness, body composi-
tion, prior heat illness, dehydration, acclimatization, and 
recent illness [1,3].
Exertional heat illness (EHI) varies in terms of symp-
toms and severity and could be related to an acute illness 
or representative of a persistent condition, such as heat 
intolerance [1]. Heat intolerance is the inability to adapt 
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(e.g.,  esophageal or rectal thermistors, ingestible core 
temperature pills, etc.) to accurately measure core body 
temperature. Thus, it would be advantageous to develop 
a predictive test that could be conducted in a thermoneu-
tral (~22°C) environment, which is short in duration that 
could be used to screen for heat-intolerant individuals 
prior to their attempting a full 2-hour HTT in the heat, 
thus saving time and resources.
Previous research by Mandel et  al.  [10] found a  strong 
correlation (r = 0.83) between ending heart rate during 
a  HTT (40°C, 40% RH) with heart rate after 30  min of 
similar intensity exercise performed in a thermoneutral 
environment (22°C, 40% RH). Considering the  strong 
relationship between intrasubject HR during hot and 
thermoneutral exercise, it seems reasonable to hypoth-
esize that HR after 30  min of thermoneutral exercise 
could be used as the basis of predicting whether someone 
would pass or fail the HTT.
Jones et al. [11] examined the HR response and maximal 
oxygen uptake (VO2 max) in individuals who attempted 
a HTT. They found that subjects who passed the HTT had 
a  significantly higher VO2 max (51.4 vs. 44.5 ml/kg/min, 
p  =  0.03) compared to those who failed the  HTT  [11]. 
Additionally, a  significantly higher HR during thermo-
neutral exercise was found in those who failed the HTT 
(131 vs. 104 bpm, p = 0.02).
Considering the strong relationship between successfully 
passing the  HTT and having a  lower HR during ther-
moneutral exercise and overall cardiovascular fitness, 
the  purpose of the  current study was twofold. The  first 
objective was to determine sensitivity and specificity 
using the  criteria of a  HR ≥130 bpm following 30  min 
of thermoneutral exercise in detecting heat-intolerant 
and heat-tolerant individuals. Traditionally, test sensitiv-
ity is the ability of a test to correctly identify those with 
the disease (true positive rate), whereas test specificity is 
the ability of the test to correctly identify those without 
the disease (true negative rate). The second objective was 

to the demands of exercise in a hot environment, as evi-
denced by excessive tachycardia and hyperthermia, which 
may put these individuals at a higher risk for developing 
heat exhaustion and/or heat stroke [4].
Professional and recreational athletes, various occupation-
al workers (e.g., firefighters, bakery, construction, agricul-
tural, etc.) and military personnel routinely perform tasks 
that require physical work in hot environments which 
exposes these individuals to heat stress [5]. For example, 
the annual incidence rate of heat illnesses in the U.S. mili-
tary has been reported to be approx. 1667 cases of heat 
exhaustion and 475 cases of heat stroke per year. In  the 
10 years between 2008–2018, it was estimated that heat 
illness cost the U.S. military USD 1 billion in lost produc-
tivity, personnel retraining, and medical expenses [5,6].
Following EHI, the current return-to-activity (RTA) guide-
lines for physicians and occupational medicine clinicians 
are variable and subjective. For >30 years, military groups 
around the world (e.g., Israel, USA, the United Kingdom, 
and Singapore) have used a heat tolerance test (HTT) to 
objectively determine the suitability of military personnel 
to return to active duty following a heat illness [3,4,7,8,9]. 
Traditionally the HTT is a 2-hour walking treadmill test 
conducted in an environmental chamber set to 40°C and 
40% relative humidity (RH). To successfully pass an HTT, 
the  subject must walk at 5.31 km/h at 4% grade (Naval 
Health Research Center HTT protocol) for 120 min and 
maintain a heart rate (HR) >160 bpm and/or a core body 
temperature >38.6°C, respectively [3,4,7]. If the individu-
al does not pass the HTT, they are usually not able to RTA 
due to their inability to tolerate a hot environment and 
are defined as heat-intolerant [3,7,8].
One major limitation of the widespread use of the HTT 
to predict RTA is the  need to have an environmental 
chamber to control the  ambient air temperature and 
relative humidity. In addition, the current HTT protocols 
are long as they require 2  h of exercise in the  heat and 
need sophisticated and expensive laboratory equipment 
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MD, USA) and gender-specific percent body fat was esti-
mated. Height and weight were measured using a Detecto 
439 Physician Beam scale (Detecto, Webb City, MO, USA) 
and used to calculate BMI. Each participant then com-
pleted an incremental VO2 max test to volitional exhaustion 
on a Cosmed treadmill (Chicago, IL, USA). Expired gases 
were collected each minute using a one-way valve (Hans 
Rudolph, Shawnee, KS, USA) and a True One 2400 (Parvo 
Medics, Salt Lake City, UT, USA) metabolic measurement 
system. Heart rate was measured each minute using a Polar 
H7 (Polar, Kempele, Finland) heart rate sensor.
The second and third visits required the  participant 
to walk on a  treadmill (Fitnex Fitness Equipment Inc, 
Dallas, TX, USA) for 120 min at a speed of 5.31 km/h and 
a 4% grade in either a hot 40°C or thermoneutral 22°C 
environment (40% RH for both trials) in a  Norlake cli-
mate chamber (Hudson, WI, USA). The speed and grade 
were in accordance with the NHRC HTT protocol [3,4,7]. 
The  order of the  hot and thermoneutral trials was ran-
domly assigned and separated by a minimum of 48 h.
Prior to each of the  last 2 trials the subjects were asked 
to ingest a temperature pill (CorTemp Temp Sensor Pal-
metto, Florida , USA) at least 6 h prior to testing and to 
drink one liter of water the  night and morning before 
testing to ensure hydration. Once the  subject arrived, 
the core temperature was checked using a CorTemp Data 
Recorder (model 262K, HT150001 HQ Inc, Palmetto, 
Florida, USA), and resting heart rate was measured using 
a  Garmin Premium heart rate monitor synchronized 
to a  Garmin Forerunner 35 (Garmin, Olathe,  KS, USA) 
recorder. Urine specific gravity was measured by a hand-
held refractometer (Cole-Palmer RSA-BR90A Refractom-
eter, Vernon Hills, IL, USA) and required to be <1.018.
The subject then entered the environmental chamber and 
commenced walking on the  treadmill at 5.31 km/h 
and  a  4% grade while core temperature and HR were 
recorded every minute and RPE (6–20-point scale) every 
15 min. Subjects were able to drink water ad libitum.

to develop a multiple regression equation using anthro-
pometric and physiological measurements collected 
during thermoneutral exercise to predict the ending HR 
of an individual during a HTT.

MATERIAL AND METHODS
The subjects for this study were 65 healthy, moderately 
active  volunteers (32 females and 33 males). They had 
a mean (M) ± standard deviation (SD) age 23.4±3.6 years, 
height 1.70±0.10 m, weight 69.4±13.5  kg, and maximal 
oxygen uptake of 46.6±10.1 ml/kg/min. Subjects were 
recruited through flyers and word of mouth on the  San 
Diego State University campus and were required to be 
physically active (i.e., min. 3 exercise sessions/week), to not 
have previously experienced any heat illness symptoms, 
and to not be pregnant. All participants were required 
to fill out the  Physical Activity Readiness Questionnaire 
(PAR-Q) and sign an informed consent prior to participat-
ing in the study. This study was approved by the Institu-
tional Review Board at San Diego State University (#208-
0260) in accordance with the Helsinki Declaration.
All measurements took place at the  San Diego State 
University Exercise Physiology Laboratory,  USA. Study 
participants were required to report to the  laboratory 
on  3  separate occasions. On the  first visit, participants 
completed study paperwork and, after sitting for 15 min, 
resting heart rate (Pulse Oximeter CMS60DL, Crucial 
Medical Systems, Atlanta, GA, USA) and blood pressure 
(Prestige Medical Sphygmomanometer, Northridge, CA, 
USA) were recorded. Female participants were then asked 
to collect a small urine sample in a private bathroom for 
the purpose of conducting a urine pregnancy test (Sure-
Vue Urine hCG Fisher HealthCare, Houston, TX, USA). 
All female subjects were required to have a negative preg-
nancy test to continue participating in the study.
Next, skinfolds (chest, midaxillary, triceps, subscapular, 
abdominal, hip and thigh) were measured with a skinfold 
calliper (Lange, Beta Technology Incorporated, Cambridge, 
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classified as heat-intolerant while seventeen were heat-
tolerant. In the heat-intolerant group, 8 reached the core 
temperature criteria (≥38.6°C) while 40 reached the heart 
rate criteria (HR ≥ 160 bpm). Mean height, body weight 
and VO2 max were all significantly lower in the heat-intoler-
ant vs. heat-tolerant groups. Additionally, the M±SD HR 
for the  heat-tolerant and heat-intolerant groups were 
130±18 bpm and 158±9 bpm, respectively. In  addition, 
M±SD core temperature for the heat-tolerant and heat-
intolerant groups were 38.0±0.4 and 38.2±0.3°C, respec-
tively. As shown in Table 2, the predictive test had a sen-
sitivity of 54% and a specificity 100%.
Automatic forward stepwise multiple regression analy-
sis was used to examine the  predictive relationships 
between physiological (e.g., absolute and relative VO2 max, 
resting HR and core temperature, HR and core tempera-
ture at 30  min of exercise in a  thermoneutral environ-
ment, age) and anthropometric (e.g., BMI, % fat, height, 
weight) measures to predict ending HR during the HTT. 
The results indicated that the model provided a  signifi-
cant prediction of ending HR during the HTT. The model 

The treadmill test was discontinued if the  subject met 
any of the following criteria: 1) core temperature ≥39°C, 
2) heart rate ≥180 bpm, 3) the subject wished to discon-
tinue the test, or 4) the 120 min time limit was reached. 
The subject was classified as heat intolerant if their core 
temperature reached ≥38.6°C, or HR ≥160 bpm during 
the HTT performed in the heat.
Paired t-tests were used to compared mean data collected 
on heat-intolerant vs. heat-tolerant subjects as shown 
in Table  1. Significance was set to p < 0.05. Automatic 
forward stepwise multiple regression analysis was per-
formed using SPSS.

RESULTS
Specificity and sensitivity of using the criterion of a HR 
≥130 bpm at 30 min of exercise in a thermoneutral envi-
ronment were calculated for the 65 participants, as pre-
viously suggested by Jones et  al.  [11]. Each subject was 
classified as heat-tolerant, or heat-intolerant based on 
their core temperature and heart rate during the  HTT 
in the heat. As shown in Table 1, there were 48 subjects 

Table 1. Anthropometric and aerobic fitness measures of the heat intolerant vs. heat tolerant subjects, San Diego, USA, 2020

Variable

Participants
(N = 65)

heat intolerant
(N = 48)

heat tolerant
(N = 17)

Age [years] (M±SD) 22.9±3.2 24.7±4.3

Height [m] (M±SD) 1.68±0.1 1.77±0.1*

Weight [kg] (M±SD) 67.1±13.2 75.8±12.5*

BMI [kg/m2] (M±SD) 23.67±3.1 24.1±2.8

Resting heart rate [bpm] (M±SD) 73±11 62±8**

VO2 max (M±SD)

ml/kg/min 43.2±8.4 56.3±7.9**

l/min 2.92±0.92 4.18±1.02**

Body fat [%] (M±SD) 19.1±7.3 14.4±6.6*

* Significant difference between groups p < 0.05.
** Significant difference between groups p < 0.01.
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those recovering from a  heat illness  [3,12,13]. During 
exercise, body temperature is determined by the balance 
between heat accumulation and heat dissipation  [1,2]. 
Heat storage is the result of excessive heat accumulation 
and the  inability to dissipate body heat  [1,2,14]. Indi-
viduals who accumulate heat at a  faster rate than what 
would be expected display signs of greater physiological 
strain  [1,2,13,14]. These individuals are usually defined 
as heat-intolerant, due to their inability to adapt to work 
or exercise in hot environments and have increased sus-
ceptibility to heat illness [1,2,13,14].
Heat intolerance has been shown to be multi-factori-
al [1,13,15] including both inherent and permanent fac-
tors, and/or a temporary functional condition [1,2,13,14]. 
Due to the  serious nature of heat illness and that heat 
intolerance has a 11.4% rate of repeated heat illness [13], 
various HTT protocols were developed and utilized to 
identify individuals’ susceptibility to heat stress. Heat 
intolerance can be ascertained through environmentally 
controlled heat exposure and is functionally defined as 
a  core temperature ≥38.6°C or a  HR ≥160 bpm during 
120 min of walking in the heat [7,10,11]. Interestingly, in 
the current study, of the 48 subjects who were classified 
as heat-intolerant, 40 reached the heart rate criteria (HR 
≥ 160 bpm) while only 8 reached the  core temperature 

explained 55% (r = 0.74) of the variance of the ending HR 
during the HTT (F(3, 61) = 24.32, p < 0.001). The forward 
variable selection based on results of simple regression 
with single explanatory variable indicated that HR (bpm) 
at 30 min of exercise in the thermoneutral environment 
(β = 0.69, p < 0.001), absolute VO2 max (l/min) (β = –0.26, 
p  <  0.05), and age (β  = –0.19, p < 0.05) each contrib-
uted significantly and uniquely to the outcome variable. 
Normalized regression coefficients (β values) indicate 
the strength of the effect of each independent variable to 
the dependent variable, each considered individually in 
simple regression model. Thus, HR at 30 min of exercise 
had the strongest effect on predicting ending HR during 
the HTT, followed by absolute VO2 max (l/min) and then 
age, respectively. The final predictive model was:

	 Ending HR during the HTT = 141 + (0.48 × HR [bpm]) +�  
	 (–1 × age [years]) + (–4.40 × VO2 max [l/min])� (1)

DISCUSSION
The HTT is a  screening tool that has been used for 
>30 years in both military and occupational medicine 
settings that aims to identify individuals who may be 
susceptible to heat illness, to identify cases of poten-
tial exertional heat illness, and determine RTA status in 

Table 2. Sensitivity and specificity of using heart rate (HR) during thermoneutral exercise to predict heat tolerance test (HTT) in 65 healthy volunteers, 
San Diego, USA, 2020

HTT

Participants
(N = 65) 

[n]

heat intolerant
(N = 48)

sensitivity
heat tolerant

(N = 17)
specificity total

Overall test score 54% 100%

positive (HR ≥130 bpm) 26 (true positives) 0 (false positives) 26 (positive prediction value 100%)

negative (HR <130 bpm) 22 (false negatives) 17 (true negatives) 39 (negative prediction value 46%)

Using the test criteria of a HR ≥130 bpm at 30 min of exercise in a thermoneutral environment were calculated for the 65 participants as previously suggested by Jones et al. [11]. 
Heat intolerant individuals were determined as having a core temperature >38.6°C or a HR >160 bpm during the HTT.



O R I G I N A L  P A P E R      S. NORTHWAY ET AL.

IJOMEH 2023;36(2)6

The results of the current study found some support for 
using heart rate data collected during exercise in a ther-
moneutral environment to predict heat tolerance during 
a  HTT (Table  2). Specifically, the  negative predictive 
value was found to be 46% – in other words if a subject 
had a HR <130 bpm during thermoneutral exercise they 
would have about a  50% chance of passing the  HTT in 
the heat. However, individuals who are pre-screened via 
thermoneutral exercise for whom HR ≥130 bpm, would 
not likely pass the  HTT, using established HR and core 
temperature criteria, as these individuals were found 
to be heat-intolerant 100% of the  time. In  other words, 
the positive predictive value of the test was 100%.
Often in medical diagnosis the validity of a newly devel-
oped method of testing for a disease is compared to a gold 
standard or an existing preferred method [19]. Currently 
no gold standard exists for diagnosing or pre-screening 
personnel for heat intolerance without these individuals 
attempting an  HTT. The  use of a  HTT to confirm heat 
intolerance at times has been questioned as a diagnostic 
tool. Schermann et al. [15] argue that the HTT is a func-
tional test that reflects only the current physiological state 
of an individual. There are a  multitude of intrinsic and 
extrinsic factors that can temporarily influence heat intol-
erance  [1,3,14]. Although there is inherent or acquired 
pathological heat intolerance, more often the underlying 
cause is related to physiological factors that are modifi-
able such as aerobic fitness, body weight, and lack of heat 
acclimatization [1,15].
As there are many factors that influence heat tolerance, 
it was hypothesized that multiple regression analysis 
might be useful to predict an individual’s ending HR 
during an  HTT. The  association between age, gender, 
anthropometric and aerobic fitness measures have been 
previously examined as to how they affect performance 
during exercise in the heat [1,3,11]. In the current study, 
multiple regression analysis revealed the three significant 
independent variables for predicting ending HR during 

criteria (≥38.6°C). Such data suggests that cardiovascu-
lar strain is more limiting that hyperthermia when using 
the HTT in its current configuration. Future work should 
examine if the heart rate criteria should be increased to 
reflect heat tolerance status more accurately. It  should 
be pointed out, however, that the  threshold criteria of 
HR ≥160 bpm used in the current HTT is consistent with 
standard recommended by the  American Conference 
on Governmental Industrial Hygienists (180 bpm–age). 
Alternately, cardiovascular strain as measured by  HR, 
may be reached sooner than hyperthermia during a HTT 
as it has recently been shown that there is a discordance 
between increases in HR and core temperature during 
exercise in the heat [16].
In previous research it has been shown that HR after 
30  min of exercise in a  thermoneutral environment is 
strongly correlated with the ending HR during an HTT 
in the  heat  [10]. It  has been suggested that using data 
obtained during a simulated HTT performed in a ther-
moneutral environment could provide a simple, practical 
test to predict heat tolerance status, which could be used 
to screen for heat-intolerant individuals prior to attempt-
ing a full 2-hour HTT in the heat [10,17]. Such a hypoth-
esis is supported by the  data of Mandel et  al.  [8] who 
found a strong correlation (r = 0.83) between the ending 
HR during a hot HTT with the 30-minute HR obtained 
during exercise in thermoneutral conditions. In  addi-
tion, both Shvartz et  al.  [17] and Maunder et  al.  [18] 
found moderate to strong correlations between mean 
HR during thermoneutral exercise and HR during exer-
cise in the  heat. Lastly, when comparing heat-tolerant 
vs. heat-intolerant  subjects Jones et  al.  [11] found that 
the  heat-intolerant subjects had a  significantly higher 
HR during thermoneutral exercise (M±SD 131±11 vs. 
104±13 bpm, p = 0.02). Thus, past research suggests that 
there is a  strong relationship between the  within sub-
ject HR during exercise in hot and thermoneutral envi-
ronments.
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VO2 max) independent of body mass  [1]. Although there 
was significantly higher body weight in the heat-tolerant 
group, the significantly lower estimated body fat percent-
age suggests that the weight differential could be attributed 
to a larger percentage of lean tissue and reduced adipose 
tissue. Lean tissue such as skeletal muscle, is more efficient 
at dissipating heat compared to adipose tissue and a higher 
body fat percentage has been shown to exaggerate the HR 
response to exercise in the heat [3]. Therefore, individu-
als who have significantly higher cardiovascular fitness 
and a higher percent of lean tissue, independent of body 
weight/mass, may perform more efficiently in the heat.
Over the lifespan, cardiovascular fitness and thermoregula-
tory function, and the resulting ability to tolerate heat, has 
been shown to be related to age [1,4,15]. Young children and 
older adults (>50 years old) are 2 population groups that are 
at increased risk for heat illness when exposed to hot envi-
ronments [1,20]. Age-related functional physiological and 
cardiovascular factors that may be compromised in older 
adults or immature in children can negatively affect ther-
moregulation. These include decreased sweat gland activity, 
cardiac output, and maximal oxygen uptake [1,17].
A study by the U.S. military in 2018 found that the highest 
incidence of heat stroke and heat exhaustion were among 
male service members who were <20 years old [6]. Addi-
tionally, in the case study evaluations by Moran et al. [2] 
the 4 individuals who were determined to have heat illness 
were all <21 years old. In the current study, the correlation 
between age and ending HR during the  HTT was found 
to be weak (r = –0.38), however it was found to be a sig-
nificant independent variable that strengthened the mul-
tiple regression model. The average age of the heat tolerant 
individuals in the current study was M±SD 24.7±4.3 years 
while the heat intolerant subjects were slightly younger at 
22.9±3.2 years, which was not significant (p > 0.05).
Pandolf  [21] indicates that tolerance for heat stress in 
middle-aged (45–64 years) people is less than younger 
individuals. However, the physiological responses to exer-

an HTT, were absolute VO2 max (l/min), age, and HR after 
30 min of exercise during thermoneutral exercise.
Cardiovascular fitness (i.e.,  VO2 max) has been shown to 
have a  moderately strong relationship with heat toler-
ance regardless of gender or physical characteristics of 
the subject [1,3,11]. Aerobic fitness, expressed as VO2 max, 
is known to improve exercise efficiency, increase blood 
volume and augment sweating  – all of which mediate 
performance in the heat. This is supported by the regres-
sion model based in the current study, as absolute VO2 max 
(l/min) was found to be a  significant independent vari-
able in predicting ending HR during the HTT.
When comparing the  VO2 max of the  individuals classed 
as heat-intolerant (failed the  HTT) vs. those who were 
heat-tolerant (passed the  HTT), the  former had a  signifi-
cantly lower VO2 max (M±SD 2.92±0.92 vs. 4.18±1.02 l/min, 
p < 0.01). These findings are supported by Lisman et. al. [3] 
who reported that VO2 max had the  most significant effect 
on physiological strain (e.g., HR, core temperature) during 
treadmill walking in the  heat. Cardiovascular fitness is 
accompanied by physiological adaptions that allow efficient 
heat dissipation and increases the  individual’s ability to 
compensate during heat stress. When performing the HTT, 
lower cardiovascular fitness reduces the ability to thermo-
regulate and tolerate the metabolic demands of the activity.
Interestingly, absolute VO2 max (l/min) was found to be 
the significant predictor of an individual’s ability to pass 
the HTT, not relative VO2 max (ml/kg/min) which considers 
bodyweight. Although there were significant differences 
in weight between the heat-intolerant and heat-tolerant 
groups (M±SD 67.1±13.2 vs. 75.8±12.5 kg, p < 0.05) and 
estimated body fat percentage (19.1±7.3 vs. 14.4±6.6%; 
p  <  0.05), there were no significant differences in BMI 
(23.7±3.1 vs. 24.1±2.8 kg/m2, p > 0.05).
Lisman et  al.  [3] has indicated that body fat percentage 
and BMI were significant factors in predicting an unsuc-
cessful  HTT. Superior cardiovascular function, however, 
may contribute to a  reduced work intensity (relative to 
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of the time. Therefore, if a subject has a HR >130 bpm at 
30  min of exercise in a  thermoneutral environment, they 
are very likely to fail a subsequent 2-hour HTT in the heat 
and be classified as heat intolerant. Therefore, prior screen-
ing has the potential to save time and money, along with 
providing safety to a heat-intolerant subject by not having 
to do a 2-hour HTT that they likely will fail. Furthermore, 
an individual’s absolute VO2 max and age strengthen the pre-
dictability of using HR collected during thermoneutral 
exercise to determine heat tolerance status via a HTT.
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