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Abstract

:

Background and objectives: The Australian Defence Force (ADF) engages in combat-related activities in hot climatic conditions, which exposes ADF members to the threat of exertional heat illness (EHI). After an episode of EHI, the heat tolerance test (HTT) is conducted to determine heat tolerance. Heat intolerance is the inability to maintain thermal balance while exercising in a hot environment. This study investigated the predictive roles of individual characteristics (age, gender, aerobic capacity (VO2max) and body composition) on physiological responses to the HTT in a group comprising ADF personnel and civilian volunteers. Materials and Methods: A quasi-experimental design was used and 52 (38 males and 14 females) participants were recruited from the ADF and the general population for the HTT. Heat intolerance was defined following the standard criteria for the HTT (temperature and heart rate). Data were analysed using inferential statistics. Results: The mean age of the participants was 31.1 ± 11.6 years, and 44% (23 people: 19 males and 4 females) of the participants were heat intolerant. Independent samples T-test showed that body mass index (p = 0.011) and body fat% (p = 0.034) of heat-intolerant participants were significantly higher than their heat-tolerant counterparts. Body surface area to mass ratio (p = 0.005) and aerobic capacity (p = 0.001) were significantly lower in heat-intolerant participants. Regression analyses showed that age, gender, aerobic capacity and body fat% were significant (p < 0.001) predictors of heat tolerance outcomes, with R2 values ranging from 0.505 to 0.636. Conclusions: This study showed that aerobic capacity, body fat%, age and gender are predictors of heat intolerance among military and non-military populations. However, there may be a need for future studies to consider identifying other indicators such as clinical biomarkers of heat intolerance, which could be used to develop a more reliable HTT protocol.
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1. Introduction


The Australian Defence Force (ADF) is involved in combat-related activities in hot climatic conditions which exposes ADF members to the constant threat of exertional heat illness (EHI) [1]. The threat of EHI is significant, with heat stroke (a severe form of EHI) identified as the third most common combat-related injury (4.90% of the injuries) among ADF members between 2012 and 2014 [2]. Evidence suggests that EHI may cause acute loss of manpower, interruption of training and possible medical discharge (dismissal) from service if profound clinical sequelae such as multi-organ damage occur [3]. Therefore, individuals who are recruited into the military should have the physical and physiological capacities to tolerate heat stress [4]. However, individuals vary in their ability to tolerate heat stress and the inability to maintain thermal balance while exercising in a hot environment is known as heat intolerance [5,6,7]. Previous studies have reported that heat intolerance may be a by-product of inherent impaired thermoregulatory mechanisms or may occur as a direct result of exertional heat stroke (EHS) [8,9].



As part of the strategies to manage heat illness, the ADF developed and introduced a policy to treat heat casualties [10,11]. ADF members who have experienced a known or suspected case of heat stroke are required to undergo the standard heat tolerance test as part of the return-to-duty process [11]. The standard heat tolerance test (HTT) used by the ADF is the test developed by the Israeli Defence Force in 1979 as part of the return-to-duty process for military personnel who have suffered EHS [12,13]. While the test is being used by some military populations as part of the return-to-duty process, the use of the cut-off values is debatable [14]. The HTT is considered as a functional test that is reflective of the current state and may not be predictive of future injury given that there are other individual and environmental factors that may contribute to the risk [14]. Although the HTT may help with decision-making processes to determine individual responses to heat stress, less is known about the predictors of heat intolerance, particularly in military populations [15].



Only a few studies have attempted to identify the factors that predict heat intolerance in military populations [16,17]. From these studies, it has been established that low aerobic fitness is associated with heat intolerance [16,17]. In addition, low aerobic capacity was associated with the incidence of EHI in military populations [18,19,20]. Other individual factors such as age, gender and body composition including body fat percentage (BF%), body mass index (BMI), body surface area (BSA) and body surface area to mass ratio (BSA/M ratio) have been reported to influence heat tolerance [16,21,22,23]. For example, differences in BSA/M ratio, BF%, sweat rate and aerobic capacity account for the variation in heat tolerance between men and women [16,17,24]. Irrespective of gender, middle- to older-aged individuals are more likely to be heat intolerant compared to younger individuals [25]. While BSA/M ratio did not predict heat tolerance, BF% was associated with increased heart rate and skin temperature during heat stress [16,26]. Further, the risk of EHI was higher in obese military personnel compared to their counterparts who have BMI within the normal range [18,19,20]. Dehydration is another factor that increases the risk of EHI and military studies have reported higher incidences of EHI among dehydrated personnel [3,27,28]. Given that physical activities are often intense and prolonged while wearing protective clothing, heat storage and sweating increase and this may result in dehydration when sweat loss exceeds fluid intake [29]. Dehydration of one to two per cent body mass impairs performance and may reduce heat tolerance, while body mass loss of three per cent or more may exacerbate morbidity associated with EHI [30,31]. Although dehydration has been proven to be associated with EHI [3,27,28], the relationship between dehydration and heat tolerance among military personnel is still under-researched.



To date, several studies have reported heat tolerance outcomes using the HTT [12,13,24,32,33], but only a few have investigated the predictors of HTT performance among military populations, and these were conducted in the United States of America [16,17]. Furthermore, no study has been conducted in Australia to investigate the predictors of heat intolerance among members of the ADF. Given the career implications of heat intolerance for Defence Force members (including possible medical discharge), it is important to identify the predictive role of individual characteristics in heat intolerance.



Therefore, this study aimed to identify the individual characteristics (age, gender, aerobic capacity and body composition) that predict heat intolerance. We hypothesised that individuals who are heat intolerant would have a lower aerobic capacity, lower BSA/M ratio, higher dehydration levels, higher BMI and higher BF% compared to their heat-tolerant counterparts. Further, we hypothesised that older age, female gender, aerobic capacity, a previous history of EHS and the body composition factors would affect core temperature and heart rate responses during the HTT.




2. Materials and Methods


This study employed a quasi-experimental pre-test design.



2.1. Participants


Participants aged between 18 and 60 years (to reflect the demographic profile of the ADF) were recruited from the military (n = 16), university (n = 22) and athletic community (n = 14). Participants were contacted via phone calls or emails, and their medical history details obtained via a medical pre-screening form. All participants were provided written and verbal information about this study and written informed consent was obtained. Due to ethical issues and the possible career risk associated with heat intolerance, we could not recruit ADF members as control participants in this study. Only members (14 males and 2 females) who had been referred for the HTT after a known or suspected episode of EHS and volunteered for this study were recruited. Based on ADF policy [11], ADF members who have had a suspected or known episode of EHS are referred for the HTT (author MJC is a provider for heat tolerance testing to the ADF Australia-wide). The ADF members were tested at least 7 weeks or more after their EHS incident. The exact timing of the HTT following EHS could not be controlled, as it was dependent on referral. Details of the heat illness event including type and intensity of the activity, the month the event occurred and other predisposing risk factors prior to the event were obtained from the ADF members. The other participants comprised athletes (5 males and 9 females) and students and staff of the University (19 males and 3 females) who volunteered for this study. The athletes comprised 11 triathletes and four (4) single sport (swimming and running) athletes (median years of training: 4.2 years) who undertook an average of 4–7 training sessions per week of moderate to high intensity. The student and staff volunteers also comprised a physically active group who engaged in 3–4 sessions per week of low- to moderate-intensity exercise. The exclusion criteria were (1) pregnant or lactating women; (2) a history of hypertension, malignant hyperthermia, or diabetes; (3) undergoing treatment for a mental disorder; (4) undergoing treatment for anaemia; and (5) using glucose-lowering agents or prednisolone or beta-blockers. Participants were advised to avoid caffeine, alcohol, exhaustive exercise and heat exposure for 24 h before taking part in the heat tolerance test. This study was conducted using a similar methodology published by Lisman et al. [16].




2.2. Main Outcome Measure


Heat tolerance test outcomes:



The heat tolerance status was determined using the HTT performed in the morning at the same time of day for all participants to minimise the effects of circadian rhythms. The HTT procedure was based on a protocol published by Druyan et al. [13]. The HTT was conducted in a climate control chamber set to hot/dry conditions (40 °C, 40% relative humidity). Participants walked on a treadmill for 2 h at 5 km/h with a 2% incline. An individual was deemed heat intolerant if the core temperature was >38.5 °C, the heart rate (HR) was >150 bpm or when the core temperature failed to plateau (increase >0.45 °C during the 2nd hour of the HTT). The HTT was discontinued if the participants experienced nausea, headaches, weakness, dizziness or requested to discontinue the test. Participants were provided with water ad libitum, and the volume of water consumed was recorded for calculation of sweat rate.



Physiological measures during the heat tolerance test:



Participants were asked to arrive at the laboratory in a euhydrated state which was confirmed via urine sample with a urine specific gravity (USG) of <1.015 (Atago hand refractometer, Atago Co, Ltd., Itabashi, Tokyo, Japan). Participants whose USG were above 1.015 were provided with water to hydrate before the test commenced and their hydration state was confirmed by a second assessment of urine specific gravity. Resting HR (Polar T31 Coded Transmitter, Polar Electro Oy, Kempele, Finland) and blood pressure (Aneroid Sphygmomanometer Two-Handed, ALP-K2, Tokyo, Japan) were obtained before the heat tolerance test commenced. Rectal core temperature (RET-1 Rectal Probe, Physitemp Instruments, LLC, Clifton, NJ, USA) was assessed at rest and every 5 min during the heat tolerance test. Skin temperatures were obtained using wireless temperature logging iButtons (Thermochron, iButtonLink, LLC, Wisconson USA) from four sites (right upper chest, right mid-forearm, right mid-anterior thigh, right medial posterior calf located using anthropometric landmarks) for the measurement of the mean (averaged over the 2-h test duration) skin temperature (T skin). Tskin was calculated using the following equation [34]:


T skin (°C) = 0.3 (T chest + T arm) + 0.2 (T thigh + T leg)








where T is the temperature at the different sites.



Temperature and HR measures were obtained at the start of the test and every 5 min throughout the exercise.



Other physiological measures, including the physiological strain index (PSI) and sweat rate, were calculated using standard methods. PSI was calculated using the equation derived by Moran et al. [35].


PSI = 5 (T ret − T re0) * (39.5 − T re0)−1 + 5 (HRt − HR0) * (180 − HR0)−1








where T ret and HRt were simultaneous measures of rectal temperature and HR taken at any time (5 min) during the exposure and T re0 and HR0 were the initial measurements.



The sweat rate was determined using the pre-exercise and post-exercise body weight (Tanita RD-545, Tanita Corporation, Tokyo, Japan), the volume of fluid ingested during the test and urine excreted. The sweat rate was calculated at the end of the heat tolerance test using the following equation [36]:


   S R =       (  P r e   e x e r c i s e   b o d y   w e i g h t − p o s t   e x e r c i s e   b o d y   w e i g h t  )    +    (  f l u i d   i n g e s t e d   d u r i n g   e x e r c i s e  )  −  (  u r i n e   e x c r e t e d   d u r i n g   e x e r c i s e  )    E x e r c i s e   t i m e   i n   h o u r s     








where SR is sweat rate, weight in kg, fluid and urine in litres (L).



In addition, dehydration (% BM loss) was determined based on weight loss as a percentage of starting body mass (weight) [31]. Where BM (body mass) is weight in kg.



Perceptual measures during the heat tolerance test:



Perceptions of effort, thermal sensation and thermal comfort were assessed during the HTT. Ratings of perceived exertion (RPE) were assessed on a scale of 6–20 using Borg’s scale (6—no exertion, 20—maximal exertion) [37], and the thermal sensation scale (ThS) ratings ranged from 1 “unbearably cold” to 13 “unbearably hot [38]. Perceived level of comfort (ThC) with the environmental temperature was assessed using the thermal comfort rating scale, from 1—comfortable to 5—extremely uncomfortable [38].




2.3. Independent Measures


Body composition measures:



The height of the participants was obtained using a stadiometer (Seca 220, Hamburg, Germany) before the heat tolerance test commenced. Weight and body fat percentage (BF%) were determined using a body composition analyser (Tanita RD-545, Tanita Corporation, Tokyo, Japan). Other measures such as the body mass index (BMI), body surface area and body surface area to mass ratio were calculated using validated methods.



BMI was calculated using the equation proposed by Quetelet [39] =


    b o d y   w e i g h t    (  k i l o g r a m  )    h e i g h  t 2   (  m e t e r s  )     











The body surface area (BSA) was determined with the formula by Dubois and Dubois [40].



BSA (m2) = 0.0007184 * W0.425 * H0.725, where W is the weight and H is the height. The calculated BSA was used to determine the body surface area to mass ratio (BSA/M ratio).



VO2 max (Cardiorespiratory capacity test):



Participants performed a maximal ramp incremental test to determine the VO2max using a stationary cycle ergometer on the average within one week of the HTT (Excalibur Sport, Lode B.V, Groningen, The Netherlands) [41]. A three-minute warm-up was conducted before the test commenced. The initial workload was set at 100 W for males, and 50 W for females and the workload increased at a rate of 25 W min−1. The participants were instructed to maintain a cadence of at least 70 rpm. Participants were verbally encouraged to continue the test until exhaustion. Expired gases were collected and analysed using a calibrated metabolic cart (VIASYS Healthcare Inc, Conshohocken, Pennsylvania, Philadelphia, USA). HR was recorded every minute using a Polar heart rate monitor, and RPE was recorded every two (2) minutes using the Borg’s 6–20 rating scale [37]. VO2max was determined based on at least two of the following criteria: (1) no increase in the VO2 or HR with increasing exercise intensity; (2) a respiratory exchange ratio greater than 1.10; (3) an RPE greater than 17 on the Borg scale; and (4) a heart rate above of 90% of age-predicted maximum (220-age) [42,43].




2.4. Statistical Analyses


Statistical analyses were conducted using the Statistical Package of Social Sciences (SPSS Statistics, version 26, IBM Corp, Armonk, New York, USA). Heat tolerance status was analysed as a categorical dichotomous variable (heat tolerant versus heat intolerant) and as a continuous variable (final Tc and final HR during the heat tolerance test). The Shapiro–Wilk test was used to determine whether the data were normally distributed or not. Numerical data were presented as means and standard deviations, while categorical data were presented as frequencies and proportions. Where data were normally distributed (parametric), the independent sample t-test was used to analyse the mean differences in age, anthropometric, aerobic capacity and physiological responses between the groups. Where the data were non-parametric, a Mann–Whitney U test was used. A chi-square test of independence was used to analyse the relationship between EHS and heat tolerance status as well as gender differences between the groups. Pearson’s correlation was used to analyse the correlation between the heat tolerance outcomes (final Tc and HR), individual characteristics (age, BMI, BSA, BSA/M ratio, BF%, %BM loss and VO2max) and perceptual measures (thermal comfort, thermal sensation, RPE). Multiple linear regression analyses were run to predict heat intolerance (dependent variable) using anthropometric indices, aerobic capacity (independent variables), age, gender and history of EHS (covariates). The initial model included all independent variables which were examined to assess and determine their contribution to the dependent variable. Subsequently, predictors that did not make a significant statistical contribution to the model were removed from the model. Multicollinearity, homoscedasticity, unusual points, independence of errors, and normality residuals were all tested, and assumption conditions met. The level of significance was set at 0.05.




2.5. Ethics Approval


All participants gave their informed consent for inclusion before they participated in this study. This study was conducted following the Declaration of Helsinki and the National Health and Medical Research Council’s National Statement on Ethical Conduct in Human Research. Ethical approval was provided by the Departments of Defence and Veteran’s Affairs Human Research Committee (075-18) on 21 January 2019.





3. Results


This study comprised 52 participants (38 males and 14 females) with a mean age of 31.12 (SD = 11.59). The average height and weight of the participants were 176.9 ± 7.8 cm and 79.64 ± 13.23 kg, respectively. Overall, 56% (n = 29) were heat tolerant, while 44% (n = 23) of the participants met one or more of the criteria for heat intolerance. Nineteen heat-intolerant participants (83%) were males, while 4 (17%) were females. Nine participants (56%) with a previous history of exertional heat stroke were classified as heat intolerant. However, there were no significant age and gender differences between the heat-tolerant and -intolerant groups (Table 1). Similarly, there was no significant difference between having a previous history of EHS and heat tolerance. In contrast, significant differences in anthropometric measures between the groups were observed (Table 1). Heat-intolerant participants had significantly higher body weight (p = 0.007), higher BMI (p = 0.011), greater BF% (p = 0.034), and BSA (p = 0.017). Furthermore, the heat-intolerant participants had lower BSA/M ratio (p = 0.005). The VO2max of the heat-intolerant participants was 23% significantly lower (39.2 mL/kg/min vs. 48.2 mL/kg/min) than the VO2max of the heat-tolerant participants (p = 0.001).



Participant characteristics by gender are provided in Table 2. All characteristics showed significantly higher values for males compared to females, except for BMI, VO2max and percentage dehydration (% BM loss).



Table 3 presents the differences in physiological and perceptual responses to the heat tolerance test between the heat-tolerant and -intolerant participants. There was no significant difference in baseline core temperature (Tc), baseline heart rate (HR), sweat rate, percentage dehydration (% BM loss) and mean T skin between the groups (Table 3). However, the heat-intolerant group had significantly higher final Tc, final HR, and PSI (p < 0.001, respectively). In addition, the final RPE, final ThC and final ThS were significantly higher in the heat-intolerant group compared to the heat-tolerant group (Table 3).



Pearson’s correlation analysis showed that the final Tc was positively correlated with body fat% and BMI and negatively correlated with BSA/M ratio and VO2max. Final HR showed a positive, but weak correlation with body fat% and a weak and moderate negative correlation with age and VO2max, respectively. PSI was positively correlated to BMI and negatively correlated to BSA/M ratio and VO2max (Table 4).



The relationship between gender and each heat tolerance outcome was assessed, and the results showed that male participants had a significantly higher mean final Tc compared to their female counterparts (38.36 °C ± 0.43 vs. 38.00 °C ± 0.50; t = 2.59; p = 0.013). In addition, there was a significant difference in sweat rate, with males having a higher sweat rate than females (1.31 L/h vs. 1.13 L/h, Mann–Whitney U = 158.50; p = 0.027). However, gender had no effect on final heart rate or PSI.



The effect of a previous history of EHS on the heat tolerance test measures was investigated. Participants who had a previous heat stroke event had significantly higher final Tc compared to individuals who had no history of EHS (38.47 °C ± 0.30 vs. 38.17 °C ± 0.51; t = 2.69; df = 45.41; p = 0.010). A previous history of EHS had no significant effect on the other physiological responses to heat tolerance. Furthermore, details of the heat illness event were obtained from the ADF members. While all members identified physical activity as a risk factor (extrinsic) for EHS, basic fitness assessment exercises (sit-ups, push-ups and run) and pack marches were the most common activities (50% and 25%, respectively). Eleven (69%) participants had the heat illness event during the spring and summer months (high environmental temperatures), and of these participants, seven (7) were heat intolerant. The intrinsic factors reported were poor hydration (43.8%), poor sleep (25%) and prior illness (16.7%).



Predictors of Heat Tolerance using Anthropometric and Capacity Measures


To identify the predictors of each heat tolerance outcome (final Tc, and final HR) and PSI, a series of multiple linear regression analyses were conducted. Multiple regression analyses showed that BF%, VO2max and gender significantly predicted final Tc (F (3, 47) = 26.22, p < 0.001, adj R2 = 0.602. VO2max and age significantly predicted final HR (F (2, 48) = 23.26, p < 0.001, adj R2 = 0.471.



As shown in Table 5, there was a negative relationship between VO2max and final Tc such that for every unit increase in VO2max, final Tc decreased by 0.027 °C. In contrast, a unit increase in BF% was associated with a 0.020 °C in final Tc. The predicted final Tc for males was 0.424 °C higher than the final Tc for females. Similarly, negative correlations were observed between VO2max, age and final HR (Table 5). This implies that for every unit increase in VO2max and age, final HR decreased by 1.463 and 0.589 bpm, respectively. In addition, the multiple regression analysis showed that VO2max and gender predicted PSI (F (2, 46) = 23.46, p < 0.001, adj R2 = 0.467. For every unit increase in VO2max, PSI decreased by 0.090, and the PSI for males was 0.876 times higher than the PSI for females (Table 6).





4. Discussion


It is presumed that individuals who are heat intolerant have an increased risk of repeated exertional heat illness events and the HTT is used to determine return to duty to reduce the risk. While the HTT provides quantitative estimates of heat tolerance, there is limited evidence on the effect of aerobic capacity and body composition factors that determine heat tolerance. In this study, we estimated the rate of heat intolerance and investigated the factors that predicted performance in each heat tolerance outcome separately (final Tc and final HR). Aerobic capacity (VO2max), BMI, BSA/M ratio, and BF% were found to be associated with heat intolerance in our study. However, only aerobic capacity (VO2max), BF%, male gender and age contributed significantly and predicted final core temperature and final heart rate. Further, aerobic capacity and gender contributed to the physiological strain experienced during the exercise.



The rate of heat intolerance in our study was 44%. Previous studies have reported heat intolerance rates ranging from 25% to 47% [12,16,17,24,32,33]. Three of the studies were conducted only among military personnel with a previous history of EHS [24,32,33], one study included military controls [12], while the other two studies combined military personnel and other fit participants [16,17]. The varying heat intolerance rates may be explained by aerobic fitness. In most of the studies, the mean aerobic fitness reported for the participants were higher than the average aerobic fitness for both groups in our study [16,17,32].



The influence of aerobic capacity on overall performance in the heat tolerance test including core temperature, heart rate and PSI identified in this study is consistent with previous studies that revealed that aerobic capacity predicted heat tolerance in fit populations and military personnel [16,44]. In our study, the heat-tolerant participants had a higher aerobic capacity compared to the heat-intolerant group who were less fit. According to the evidence, aerobically fit individuals have improved heat tolerance compared to unfit individuals [45]. Aerobic capacity confers a protective mechanism that is similar to the physiologic adaptations gained from heat acclimatization and includes increases in stroke volume and blood volume [45]. These physiological adaptations reduce the cardiovascular strain associated with heat stress [45]. However, unfit or less fit individuals have lower blood volume and stroke volume and tend to experience greater circulatory strain at any given core temperature during heat stress [46,47]. The greater circulatory/cardiovascular strain among the unfit was reflected in the higher exercise heart rate and reported PSI in our study. Previous studies have reported an inverse relationship between aerobic capacity and heart rate during the heat stress test. These studies suggest that high aerobic capacity diminishes the physiological strain during exercise [26,45,48].



While weight, BSA, BMI, BF% and BSA/M ratio were found to be associated with heat intolerance, BF% was the only anthropometric factor contributing to the prediction of final core temperature. The significant association between the other anthropometric measures (BSA, BMI, and BSA/M ratio) and heat intolerance may be because the measures were assessing a similar construct in relation to body weight. Our finding that an increase in BF% results in an increase in final core temperature aligns with existing literature due to the lower heat capacity of adipose tissue [47]. Previous studies have reported that individuals with a higher BF% have higher core temperature and heart rate and are at increased risk of EHI [18,21,49]. It is also important to note that the effect of body fat% on final core temperature was in association with aerobic capacity, which was negatively correlated with body fat% in this study- thus highlighting the role of aerobic capacity in heat intolerance.



Other factors such as gender and age contributed to the observed variation in final core temperature, heart rate and PSI, respectively. Male participants had an increased risk of higher core temperature than their female counterparts in this study. This finding is in contrast to previous studies conducted in military populations which have reported that females were more likely to have either a higher core temperature [16] or higher final heart rate during HTT [17]. Evidence suggests that gender differences in thermoregulation during exercise in the heat are negligible once aerobic fitness is considered [50]. While there was no significant gender difference in aerobic capacity, males had a higher physiological strain compared to females in the current study. According to Moran et al., a lower physiological strain is a reflection of a higher aerobic capacity [51]. However, it is important to note that the number of males in this current study was almost thrice the number of females. Further, the proportion of heat-intolerant males were greater than the heat-intolerant females, likely due to the higher proportion of ADF males referred for heat tolerance testing following EHS. Thus, the predicted higher core temperature and physiological strain among males might be a reflection of the higher number of males in this study compared to females.



Another demographic variable that was found to be a predictor of HR (as a criterion for heat intolerance) was age. The findings of the current study suggest final HR was lower with advancing age. In this study, 50% of the participants who were aged 40 years and older were athletes with high aerobic capacity. The lower HR in the older age group may be explained by the fitness levels of the active older participants. This finding agrees with existing literature which reported either no difference in final HR or a lower HR among active older individuals when matched for aerobic fitness with younger people while exercising in hot environmental conditions [25]. Pandolf et al. showed that aerobically fit middle-aged men had lower HR compared to younger men when matched for fitness levels [52]. According to Smolander et al., there was no difference in HR between younger and middle-aged participants during heat stress. The authors concluded that physical activity habits and aerobic fitness are important determinants of heat tolerance in older individuals [53]. In contrast, a study conducted among military personnel reported that age had no influence on the final heart rate during the HTT [16]. However, it is important to note that we had an older and highly active age group (oldest—57 years) compared to the age group (oldest—45 years) in the above study [16]. The finding of our study buttresses the effect of aerobic fitness on heat tolerance. Future military-related research on heat tolerance could focus on examining the effect of matching older aerobically fit military personnel with younger personnel. Finally, there was no significant difference in the level of dehydration between the heat-tolerant and -intolerant participants, implying that it is not a predictor of heat intolerance in this study. Previous studies have indicated that dehydration affects performance and may increase the risk of EHI [31]. The contrasting finding in this study may be associated with provision of ad libitum water that resulted in mild %dehydration in the study population.



4.1. Strengths and Limitations


This paper adds to the existing literature by identifying the predictors of heat intolerance among military and non-military populations. However, it is important to highlight the limitations of this study. First, we could not establish causal relationships due to the narrow range of observed values for the independent variables. For example, it was necessary to recruit fit participants to this study to reflect the military population, which resulted in a small range of values for the VO2max. Second, the use of a cycle ergometer for the estimation of aerobic capacity may have caused a reduction in the aerobic capacity levels among the participants. Compared to a treadmill protocol, participants are more likely to cease exercise due to intolerable leg discomfort associated with cycling, especially among those who do not cycle or are unfit [54]. Third, we estimated %BF using Tanita Scale, which is reported to have <1% error on repeated measurements. However, body impedance varies among different people and influences the accuracy of bioelectrical impedance analysis [55]. Fourth, testing spanned the summer and winter periods in North Queensland, Australia, which may have affected acclimatisation to heat. Nonetheless, it is important to note that in North Queensland, Australia, the winter periods are warm, and the summers are hot and humid. Fifth, we acknowledge that the non-military participants included in this study may not have had similar levels of exposure to hot environmental conditions and tasks like the military personnel. However, we ensured that the participants were similar to the military personnel with regards to age, gender and aerobic capacity level.




4.2. Implications for Policy and Future Research


Military personnel are involved in operations that may expose them to extreme environmental temperature in addition to rigorous physical activities which can create un-compensable heat stress and may cause heat illnesses. Nonetheless, the findings of our study highlight the importance of maintaining a high aerobic capacity and low BF% to aid thermotolerance and to reduce the physiological strain experienced during exercise. Therefore, aerobically fit personnel will be able to perform better in the heat for longer durations than unfit personnel. It is important for military planners to ensure that the training exercises/deployments undertaken by personnel are matched to their capacity level to reduce the risk of EHI. However, this does not negate the importance of ensuring aerobic capacity levels are increased to limit incidences of EHI. Furthermore, military personnel need to maintain low BF% levels to reduce the risk of heat intolerance and EHI. While our study was focused on military populations, our findings could provide some directions into future research on the HTT for other active populations.



Although we did not investigate the predictive value of the HTT, it is worth mentioning that based on the HTT criteria, 56% of participants who had a history of EHS (ADF members) were heat intolerant. While the HTT cannot determine the reoccurrence of EHS, it is reflective of the heat tolerance status at the time of testing. This implies that they may not have fully recovered from the heat illness event before presenting for the HTT. The heat intolerance outcome for this group of ADF members indicates there might be a possible interplay between physiological responses and other intrinsic factors (such as haematological, biochemical and genetic biomarkers). While clinical biomarkers of EHS have been reported in the literature [56], little is known about their role in relation to heat intolerance. Based on the limitations (sensitivity and specificity) of the HTT, these biomarkers could be included in the decision-making process, in addition to the HTT protocol, when determining return to duty. It has previously been suggested that the decision-making process should involve the use of as many reliable tools as possible, including clinical biomarkers, patient history and the HTT [15]. It is evident that possible future research is required to elucidate the function of these clinical biomarkers in the recovery process, which may potentially aid the development of a more reliable protocol.





5. Conclusions


The current study has demonstrated that individual characteristics, including aerobic capacity (VO2max), BF%, age and gender are predictors of heat intolerance among military and non-military populations during a HTT. Given that heat intolerance may precede or accompany EHS, the factors that influence heat tolerance should be accurately identified to reduce the risk of EHI. Furthermore, our study has raised questions about the need for other indicators of heat intolerance such as clinical biomarkers to be identified and used in conjunction with the HTT protocol and possibly for the development of a potential reliable protocol.
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	RPE
	Ratings of perceived exertion



	Tc
	Core temperature



	ThC
	Thermal comfort



	Ths
	Thermal sensation scale



	USG
	Urine specific gravity







References


	



Paterakis, T. Management of heat emergencies in the military setting. Int. Paramed. Pract. 2011, 1, 4–8. [Google Scholar] [CrossRef]

	



Orr, R.M.; Pope, R.R. Ready, Set, Break: Combat Training Injuries in Australian Army Personnel. In Proceedings of the APA National Physiotherapy Conference MOMENTUM, Sydney, Australia, 19–21 October 2017. [Google Scholar]

	



Moore, A.C.; Stacey, M.J.; Bailey, K.G.H.; Bunn, R.J.; Woods, D.R.; Haworth, K.J.; Brett, S.J.; Folkes, S.E.F. Risk factors for heat illness among British soldiers in the hot Collective Training Environment. J. R. Army Med. Corps 2015, 162, 434–439. [Google Scholar] [CrossRef]

	



Cheung, S.S.; Lee, J.K.; Oksa, J. Thermal stress, human performance, and physical employment standards. Appl. Physiol. Nutr. Metab. 2016, 41, S148–S164. [Google Scholar] [CrossRef]

	



Lucas, R.A.I.; Epstein, Y.; Kjellstrom, T. Excessive occupational heat exposure: A significant ergonomic challenge and health risk for current and future workers. Extreme Physiol. Med. 2014, 3, 14. [Google Scholar] [CrossRef]

	



Ketko, I.; Druyan, A.; Yanovich, R.; Epstein, Y.; Heled, Y. Return to duty/play after exertional heat injury: Do we have all the answers? A lesson from two case studies. Disaster Mil. Med. 2015, 1, 18. [Google Scholar] [CrossRef]

	



Hosokawa, Y.; Stearns, R.L.; Casa, D.J. Is Heat Intolerance State or Trait? Sports Med. 2019, 49, 365–370. [Google Scholar] [CrossRef]

	



Epstein, Y. Heat intolerance: Predisposing factor or residual injury? Med. Sci. Sports Exerc. 1990, 22, 29–35. [Google Scholar] [CrossRef] [PubMed]

	



Schermann, H.; Hazut-Krauthammer, S.; Weksler, Y.; Spitzer, S.; Epstein, Y.; Kalmanovich, G.; Yanovich, R. When Should a Heat-Tolerance Test Be Scheduled After Clinical Recovery from an Exertional Heat Illness? J. Athl. Train. 2020, 55, 289–294. [Google Scholar] [CrossRef]

	



McKenzie, R. The most effective method of cooling a soldier suffering from exertional heat stroke. ADF Health 2010, 11, 9–13. [Google Scholar]

	



Surgeon General Australian Defence Force. HD 286: Health Management for the Prevention and Treatment of Heat Casualties; Australian Defence Force: Canberra, Australia, 2008. [Google Scholar]

	



Shapiro, Y.; Magazanik, A.; Udassin, R.; Ben-Baruch, G.; Shvartz, E.; Shoenfeld, Y. Heat Intolerance in Former Heatstroke Patients. Ann. Intern. Med. 1979, 90, 913–916. [Google Scholar] [CrossRef]

	



Druyan, A.; Ketko, I.; Yanovich, R.; Epstein, Y.; Heled, Y. Refining the distinction between heat tolerant and intolerant individuals during a heat tolerance test. J. Therm. Biol. 2013, 38, 539–542. [Google Scholar] [CrossRef]

	



Mitchell, K.M.; Cheuvront, S.N.; King, M.A.; Mayer, T.A.; Leon, L.R.; Kenefick, R.W. Use of the heat tolerance test to assess recovery from exertional heat stroke. Temperature 2019, 6, 106–119. [Google Scholar] [CrossRef]

	



O’Connor, F.G.; Heled, Y.; Deuster, P.A. Exertional heat stroke, the return to play decision, and the role of heat tolerance testing: A clinician’s dilemma. Curr. Sports Med. Rep. 2018, 17, 244–248. [Google Scholar] [CrossRef] [PubMed]

	



Lisman, P.; Kazman, J.B.; O’Connor, F.G.; Heled, Y.; Deuster, P.A. Heat tolerance testing: Association between heat intolerance and anthropometric and fitness measurements. Mil. Med. 2014, 179, 1339–1346. [Google Scholar] [CrossRef] [PubMed]

	



Kazman, J.B.; Purvis, D.L.; Heled, Y.; Lisman, P.; Atias, D.; Van Arsdale, S.; A Deuster, P. Women and exertional heat illness: Identification of gender specific risk factors. U.S. Army Med Dep. J. 2015, 58–66. Available online: https://ufdc.ufl.edu/AA00062689/00038 (accessed on 15 September 2020).

	



Bedno, S.A.; Urban, N.; Boivin, M.R.; Cowan, D.N. Fitness, obesity and risk of heat illness among army trainees. Occup. Med. 2014, 64, 461–467. [Google Scholar] [CrossRef]

	



Gardner, J.W.; Kark, J.A.; Karnei, K.; Sanborn, J.S.; Gastaldo, E.; Burr, P.; Wenger, C.B. Risk factors predicting exertional heat illness in male Marine Corps recruits. Med. Sci. Sports Exerc. 1996, 28, 939–944. [Google Scholar] [CrossRef]

	



Wallace, R.F.; Kriebel, D.; Punnett, L.; Wegman, D.H.; Wenger, C.B.; Gardner, J.W.; Kark, J.A. Risk factors for recruit exertional heat illness by gender and training period. Aviat. Space Environ. Med. 2006, 77, 415–421. [Google Scholar] [PubMed]

	



Havenith, G.; Van Middendorp, H. The relative influence of physical fitness, acclimatization state, anthropometric measures and gender on individual reactions to heat stress. Graefe Arch. Clin. Exp. Ophthalmol. 1990, 61, 419–427. [Google Scholar] [CrossRef]

	



Havenith, G.; Inoue, Y.; Luttikholt, V.; Kenney, W.L. Age predicts cardiovascular, but not thermoregulatory, responses to humid heat stress. Graefe Arch. Clin. Exp. Ophthalmol. 1995, 70, 88–96. [Google Scholar] [CrossRef]

	



Epstein, Y.; Shapiro, Y.; Brill, S. Role of surface area-to-mass ratio and work efficiency in heat intolerance. J. Appl. Physiol. 1983, 54, 831–836. [Google Scholar] [CrossRef]

	



Druyan, A.; Makranz, C.; Moran, D.; Yanovich, R.; Epstein, Y.; Heled, Y. Heat tolerance in women—Reconsidering the criteria. Aviat. Space Environ. Med. 2012, 83, 58–60. [Google Scholar] [CrossRef]

	



Pandolf, K.B. Aging and human heat tolerance. Exp. Aging Res. 1997, 23, 69–105. [Google Scholar] [CrossRef]

	



Havenith, G.; Luttikholt, V.G.M.; Vrijkotte, T.G.M. The relative influence of body characteristics on humid heat stress response. Graefe Arch. Clin. Exp. Ophthalmol. 1995, 70, 270–279. [Google Scholar] [CrossRef] [PubMed]

	



Abriat, A.; Brosset, C.; Brégigeon, M.; Sagui, E. Report of 182 Cases of Exertional Heatstroke in the French Armed Forces. Mil. Med. 2014, 179, 309–314. [Google Scholar] [CrossRef]

	



Chung, N.K.; Pin, C.H. Obesity and the occurrence of heat disorders. Mil. Med. 1996, 161, 739–742. [Google Scholar] [CrossRef]

	



Charkoudian, N.; Kenefick, R.W.; Lapadula, A.J.; Swiston, A.J.; Patel, T.; Blanchard, L.A.; Caruso, E.M.; Luippold, A.J.; Cheuvront, S.N. Planning Military Drinking Water Needs: Development of a User-Friendly Smart Device Application. Mil. Med. 2016, 181, 1142–1150. [Google Scholar] [CrossRef]

	



Sawka, M.N.; Montain, S.J.; Latzka, W.A. Hydration effects on thermoregulation and performance in the heat. Comp. Biochem. Physiol. Part A Mol. Integr. Physiol. 2001, 128, 679–690. [Google Scholar] [CrossRef]

	



Casa, U.J.; Armstrong, L.E.; Hillman, S.K.; Montain, S.J.; Reiff, R.V.; Rich, B.S.E.; Roberts, W.O.; Stone, J.A. National athletic trainers’ association position statement: Fluid replacement for athletes. J. Athl. Train. 2000, 35, 212–224. [Google Scholar] [PubMed]

	



Moran, D.S.; Heled, Y.; Still, L.; Laor, A.; Shapiro, Y. Assessment of heat tolerance for post exertional heat stroke individuals. Med Sci. Monit. 2004, 10, 252–257. [Google Scholar]

	



Moran, D.S.; Erlich, T.; Epstein, Y. The heat tolerance test: An efficient screening tool for evaluating susceptibility to heat. J. Sport Rehabilit. 2007, 16, 215–221. [Google Scholar] [CrossRef]

	



Ramanathan, N.L. A new weighting system for mean surface temperature of the human body. J. Appl. Physiol. 1964, 19, 531–533. [Google Scholar] [CrossRef] [PubMed]

	



Moran, D.S.; Shitzer, A.; Pandolf, K.B. A physiological strain index to evaluate heat stress. Am. J. Physiol. Integr. Comp. Physiol. 1998, 275, R129–R134. [Google Scholar] [CrossRef]

	



Nieman, D. Exercise Testing & Prescription; McGraw-Hill Higher Education: New York, NY, USA, 2010. [Google Scholar]

	



Borg, G. Borg’s Perceived Exertion and Pain Scales; Human Kinetics: Champaign, IL, USA, 1998. [Google Scholar]

	



Gagge, A.; Stolwijk, J.; Hardy, J. Comfort and thermal sensations and associated physiological responses at various ambient temperatures. Environ. Res. 1967, 1, 1–20. [Google Scholar] [CrossRef]

	



Keys, A.; Fidanza, F.; Karvonen, M.J.; Kimura, N.; Taylor, H.L. Indices of relative weight and obesity. J. Chronic Dis. 1972, 25, 329–343. [Google Scholar] [CrossRef]

	



Du Bois, D. Clinical Calorimetry. Arch. Intern. Med. 1916, XVII, 863–871. [Google Scholar] [CrossRef]

	



Myers, J.; Buchanan, N.; Walsh, D.; Kraemer, M.; McAuley, P.; Hamilton-Wessler, M.; Froelicher, V.F. Comparison of the ramp versus standard exercise protocols. J. Am. Coll. Cardiol. 1991, 17, 1334–1342. [Google Scholar] [CrossRef]

	



Mendes, T.T.; Fonseca, T.R.; Ramos, G.P.; Wilke, C.F.; Cabido, C.E.T.; De Barros, C.L.M.; Lima, A.M.; Mortimer, L.D.; Ávila, C.F.; De Carvalho, M.V.; et al. Six weeks of aerobic training improves VO2max and MLSS but does not improve the time to fatigue at the MLSS. Graefe Arch. Clin. Exp. Ophthalmol. 2012, 113, 965–973. [Google Scholar] [CrossRef]

	



American College of Sports Medicine. ACSM Guidelines for Exercise Testing and Prescription; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2013. [Google Scholar]

	



Yanovich, R.; Ketko, I.; Muginshtein-Simkovitch, J.; Yanovich, E.; Eliyahu, U.; Fleischmann, C.; Atias-Varon, D.; Waissengrin, B.; Makranz, C.; Heled, Y. Physiological Differences Between Heat Tolerant and Heat Intolerant Young Healthy Women. Res. Q. Exerc. Sport 2019, 90, 307–317. [Google Scholar] [CrossRef]

	



Shvartz, E.; Shapiro, Y.; Magazanik, A.; Meroz, A.; Birnfeld, H.; Mechtinger, A.; Shibolet, S. Heat acclimation, physical fitness, and responses to exercise in temperate and hot environments. J. Appl. Physiol. 1977, 43, 678–683. [Google Scholar] [CrossRef] [PubMed]

	



Hopper, M.K.; Coggan, A.R.; Coyle, E.F. Exercise stroke volume relative to plasma-volume expansion. J. Appl. Physiol. 1988, 64, 404–408. [Google Scholar] [CrossRef] [PubMed]

	



Selkirk, G.A.; McLellan, T.M. Influence of aerobic fitness and body fatness on tolerance to uncompensable heat stress. J. Appl. Physiol. 2001, 91, 2055–2063. [Google Scholar] [CrossRef] [PubMed]

	



Merry, T.L.; Ainslie, P.N.; Cotter, J.D. Effects of aerobic fitness on hypohydration-induced physiological strain and exercise impairment. Acta Physiol. 2010, 198, 179–190. [Google Scholar] [CrossRef]

	



Bedno, S.A.; Li, Y.; Han, W.; Cowan, D.N.; Scott, C.T.; Cavicchia, M.A.; Niebuhr, D.W. Exertional Heat Illness Among Overweight U.S. Army Recruits in Basic Training. Aviat. Space Environ. Med. 2010, 81, 107–111. [Google Scholar] [CrossRef]

	



Kenney, W.L. A review of comparative responses of men and women to heat stress. Environ. Res. 1985, 37, 1–11. [Google Scholar] [CrossRef]

	



Moran, D.S.; Shapiro, Y.; Laor, A.; Izraeli, S.; Pandolf, K.B. Can gender differences during exercise-heat stress be assessed by the physiological strain index? Am. J. Physiol. Content 1999, 276, R1798–R1804. [Google Scholar] [CrossRef]

	



Pandolf, K.B.; Cadarette, B.S.; Sawka, M.N.; Young, A.J.; Francesconi, R.P.; Gonzalez, R.R. Thermoregulatory responses of middle-aged and young men during dry-heat acclimation. J. Appl. Physiol. 1988, 65, 65–71. [Google Scholar] [CrossRef]

	



Smolander, J.; Korhonen, O.; Ilmarinen, R. Responses of young and older men during prolonged exercise in dry and humid heat. Graefe Arch. Clin. Exp. Ophthalmol. 1990, 61, 413–418. [Google Scholar] [CrossRef]

	



Muscat, K.M.; Kotrach, H.G.; Wilkinson-Maitland, C.A.; Schaeffer, M.R.; Mendonca, C.T.; Jensen, D. Physiological and perceptual responses to incremental exercise testing in healthy men: Effect of exercise test modality. Appl. Physiol. Nutr. Metab. 2015, 40, 1199–1209. [Google Scholar] [CrossRef]

	



Dehghan, M.; Merchant, A.T. Is bioelectrical impedance accurate for use in large epidemiological studies? Nutr. J. 2008, 7, 26. [Google Scholar] [CrossRef] [PubMed]

	



Alele, F.O.; Malau-Aduli, B.S.; Malau-Aduli, A.E.O.; Crowe, M.J. Epidemiology of Exertional Heat Illness in the Military: A Systematic Review of Observational Studies. Int. J. Environ. Res. Public Health 2020, 17, 7037. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Physical and anthropometric characteristics and heat tolerance status of the participants.






Table 1. Physical and anthropometric characteristics and heat tolerance status of the participants.





	
Characteristics

	
Heat Tolerant

	
Heat Intolerant

	
Test Statistic

	
p-Value




	

	
Mean ± SD

	
Mean ± SD

	
t-test

	






	
Height (cm)

	
176.2 ± 8.7

	
177.7 ± 6.4

	
−0.688

	
0.495




	
Weight (kg)

	
75.5 ± 12.10

	
85.3 ± 12.8

	
−2.836

	
0.007




	
BMI (kg/m2)

	
24.4 ± 3.3

	
27.0 ± 3.9

	
−2.630

	
0.011




	
BSA (m2)

	
1.9 ± 0.2

	
2.0 ± 0.2

	
−2.470

	
0.017




	
BSA/M ratio (cm−2/kg)

	
256.5 ± 20.0

	
240.4 ± 19.5

	
2.913

	
0.005




	
VO2max (mL/kg/min)

	
48.2 ± 10.5

	
39.2 ± 6.4

	
3.532

	
0.001




	
Body fat (%)

	
20.2 ± 5.9

	
24.1 ± 7.0

	
−2.183

	
0.034




	

	
Median (IQR)

	
Median (IQR)

	
Mann–Whitney U

	




	
Age

	
31.0 (16)

	
26.5 (17)

	
279.00

	
0.349




	

	
N (%)

	
N (%)

	
Chi Square

	




	
Previous history of EHS

	
7 (43.8)

	
9 (56.3)

	
1.353

	
0.245




	
No history of EHS

	
22 (61.1)

	
14 (38.9)

	

	




	
Female

	
10 (71.4)

	
4 (28.6)

	
1.904

	
0.165




	
Male

	
19 (50.0)

	
19 (50.0)

	

	








BMI, body mass index; BSA/M ratio, body surface area to mass ratio; EHS; exertional heat stroke; IQR, interquartile range.
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Table 2. Participant characteristics by gender.
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Characteristics

	
Male

	
Female

	
Test Statistic

	
p-Value




	

	
Mean ± SD

	
Mean ± SD

	
t-test

	






	
Height (cm)

	
180.5 ± 4.8

	
166.9 ± 5.0

	
8.977

	
<0.001




	
Weight (kg)

	
84.2 ± 11.5

	
67.4 ± 9.4

	
4.882

	
<0.001




	
BMI (kg/m2)

	
25.9 ± 4.1

	
24.2 ± 2.6

	
1.463

	
0.150




	
BSA (m2)

	
2.0 ± 0.1

	
1.8 ± 0.1

	
7.689

	
<0.001




	
BSA/M ratio (cm−2/kg)

	
2.4 ± 0.2

	
2.6 ± 0.2

	
−2.870

	
0.006




	
VO2max (mL/kg/min)

	
43.8 ± 10.2

	
45.6 ± 9.5

	
−0.579

	
0.565




	
Body fat (%)

	
2.4 ± 0.2

	
2.6 ± 0.2

	
−2.395

	
0.028




	
%BM loss (kg)

	
1.54 ± 1.36

	
1.20 ± 0.64

	
0.894

	
0.376
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Table 3. Differences in physiological and perceptual responses to the heat tolerance test between heat-tolerant and heat-intolerant participants.
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Characteristics

	
Heat Tolerant

	
Heat Intolerant

	
Test Statistic

	
p-Value




	

	
Mean ± SD

	
Mean ± SD

	
t-test

	






	
Baseline TC (°C)

	
36.87 ± 0.29

	
37.02 ± 0.29

	
−1.811

	
0.076




	
Final TC (°C)

	
37.96 ± 0.37

	
38.67 ± 0.22

	
−8.051

	
<0.001




	
Baseline HR (bpm)

	
65 ± 11

	
70 ± 10

	
−1.631

	
0.109




	
Final HR (bpm)

	
122 ± 18

	
154 ± 15

	
−7.010

	
<0.001




	
PSI

	
3.5 ± 1.0

	
5.6 ± 1.3

	
−6.404

	
<0.001




	

	
Median (IQR)

	
Median (IQR)

	
Mann–Whitney U

	




	
Mean Tskin (°C)

	
35.61 (0.93)

	
36.08 (0.84)

	
214.00

	
0.053




	
Final RPE

	
11.00 (3.0)

	
13 (6.0)

	
200.50

	
0.016




	
Final ThC

	
2.25 (3.5)

	
3.5 (1.5)

	
160.50

	
0.001




	
Final ThS

	
10.00 (1.0)

	
11.00 (2.3)

	
182.00

	
0.005




	
SR (L/hr)

	
1.18 (0.28)

	
1.32 (0.80)

	
284.500

	
0.399




	
%BM loss (kg)

	
1.38 ± 0.82

	
1.53 ± 1.59

	
−0.463

	
0.645








Tc, core temperature; HR, heart rate; PSI, physiological strain index; RPE, rate of perceived exertion; ThC, thermal comfort; ThS, thermal sensation; SR; sweat rate; %BM loss, %body mass loss (% dehydration); IQR, interquartile range.
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Table 4. Pearson’s correlation coefficients between anthropometric, body composition and fitness measures and heat tolerance test outcomes.
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	Characteristics
	Final TC
	Final HR
	PSI





	Age
	−0.13
	−0.32 *
	−0.13



	Anthropometric and body composition measures
	
	
	



	BMI
	0.49 **
	0.25
	0.35 *



	BSA/M ratio
	−0.54 **
	−0.27
	−0.38 **



	Body fat%
	0.34 *
	0.29 *
	0.25



	%BM loss
	−0.03
	0.06
	0.14



	Fitness measure
	
	
	



	VO2max
	−0.70 **
	−0.64 **
	−0.62 **







** p < 0.01; * p < 0.05; BMI, body mass index; BSA ratio, body surface area to mass ratio; %BM loss, %body mass loss (% dehydration); Tc, core temperature; HR, heart rate; PSI, physiological strain index.
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Table 5. Multiple regression analysis showing the factors that predict heat tolerance outcomes (final Tc and final HR).
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	Variables
	R2
	Adj R2
	ꞵ
	SEB
	B
	t
	p-Value
	VIF
	Comment





	Final Tc
	Constant
	0.626
	0.602
	38.737
	0.362
	
	106.976
	<0.001
	
	Non-collinearity



	
	BF%
	
	
	0.020
	0.008
	0.272
	2.555
	0.014
	1.427
	Non-collinearity



	
	Gender (Male)
	
	
	0.424
	0.105
	0.400
	4.028
	<0.001
	1.237
	Non-collinearity



	
	VO2max
	
	
	−0.027
	0.005
	−0.566
	−5.692
	<0.001
	1.242
	Non-collinearity



	Final HR
	Constant
	0.492
	0.471
	218.435
	12.475
	
	17.509
	<0.001
	
	Non-collinearity



	
	VO2max
	
	
	−1.463
	0.240
	−0.628
	−6.099
	<0.001
	1.001
	Non collinearity



	
	Age
	
	
	−0.589
	0.205
	−0.296
	−2.872
	0.006
	1.001
	Non collinearity







β, unstandardized coefficient; SEB, residual mean square errors associated with B; B, standardized coefficient; p, significance level; VIF, variance inflation factor.
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Table 6. Multiple regression analysis showing the factors that predict PSI.
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	Variables
	R2
	Adj R2
	ꞵ
	SE
	B
	t
	p-Value
	VIF
	Comment





	PSI
	Constant
	0.489
	0.467
	7.677
	0.739
	
	10.391
	<0.001
	
	Non-collinearity



	
	Gender (Male)
	
	
	0.876
	0.343
	0.269
	2.551
	0.014
	1.002
	Non-collinearity



	
	VO2max
	
	
	−0.090
	0.015
	−0.633
	−5.999
	<0.001
	1.002
	Non-collinearity







β, unstandardized coefficient; SEB, residual mean square errors associated with B; B, standardized coefficient; p, significance level; VIF, variance inflation factor.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  medicina-57-00173


  
    		
      medicina-57-00173
    


  




  





media/file0.png





