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Abstract

:

Exercise can disrupt the fluid balance, hindering performance and athlete health. Limited data exist on fluid balance responses in varying climates, sexes, and ages. This study aimed to measure and compare fluid balance and urine values among elite soccer players during training at high and low temperatures, examining the differences between sexes, playing positions, and competitive levels within men’s soccer. During the 2022–2023 competitive season, a descriptive observational study was conducted on 87 soccer players from an elite Spanish soccer team. The study found that none of the groups exceeded weight loss values of 1.5% of their body mass. Additionally, the soccer players studied experienced higher weight loss, fluid intake, and a higher sweat rate (SR) during summer training compared to winter training. During the summer, male U23-21 soccer players exhibited higher levels of weight loss, fluid intake, and a higher SR compared to female soccer players or the U19-17 male category. No significant differences were found between playing positions. In conclusion, differences in the fluid balance were observed based on the climatic conditions, competitive level, and sex.
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1. Introduction


In soccer, players cover an average total distance of approximately 8–14 km during a complete match, including 90 min of play and added extra time [1,2,3,4], characterized by a highly variable pattern of actions, such as walking, jogging, running at high and low speeds, sprinting, moving backwards, kicking, jumping, and tackling. In addition, it has been calculated that the average oxygen consumption during a match is around 70% of the maximum oxygen consumption (VO2 max), while the heart rate is approximately 85%, with it being rare to find values below 65% of the maximum values [4,5]. However, when soccer players are dehydrated, they experience a significantly higher heart rate, rate of perceived exertion, blood lactate level, and core body temperature [6].



Exercise can disrupt the fluid balance, which can hinder performance and athlete safety [7]. Both hyperhydration and dehydration are physiological states that should be avoided in athletes [8]. Several factors can increase the risk of dehydration or overhydration, including environmental conditions, such as humidity, altitude, and airflow; fluid availability, such as water stations and hydration breaks; exercise structure, such as the number of daily sessions, duration, and intensity of the exercise; and athlete factors, such as gender, acclimatization status, and body composition; as well as factors specific to the sport being played [7,9,10].



Advance planning through an understanding of each player’s individual sweat loss patterns, customized hydration plans, and education on hydration can help ensure that each player receives the appropriate amount of fluid to meet their needs [4]. It is important to note that the sensation of thirst may not always accurately reflect the body’s fluid needs [11]. Additionally, the high-intensity nature of soccer, coupled with limited fluid availability during competitions, may increase the risk of dehydration for players [4,12].



It is commonly accepted that during exercise lasting for about two hours or less, the amount of water lost through respiration in the lungs is trivial, and the associated changes in metabolic mass can be ignored [13,14]. Therefore, it is often assumed that for a soccer player, every 1 kg of body mass lost after physical exertion represents approximately 1 L of water loss. This makes it easy to calculate the amount of sweat lost by measuring the change in body mass after correcting for fluid intake [15,16]. Studies indicate that a 2% loss of body weight can negatively impact athletic performance [8], as well as increase the likelihood of heat-related illness [11] and injury [17]. Other methods of assessing hydration levels besides body weight change include thirst level, urine color, urine osmolality, sweat rate (SR), sweat analysis, and urine specific gravity (USG) [4,18,19]. Consequently, the athlete should try to reach the state of euhydration, which represents the optimal water balance in the human body, essential for metabolic function, thermoregulation, and general health, in order to achieve optimal athletic performance and minimize thermoregulatory and physiological stress [11,20].



Female athletes typically have a lower SR than males because they have less muscle tissue to contribute to metabolic heat production during exercise, as well as lower absolute work rates, which could affect their water requirements compared to males [21,22]. In addition, different playing positions have varying anthropometric characteristics and physical demands during matches. Therefore, hydration needs may differ between matches and training [23,24,25,26]. Finally, it is important to consider that total daily fluid requirements may vary with age. Adolescents, due to their larger body surface area relative to their mass, may experience greater heat stress when exercising in hot environments compared to adults. This is because they absorb ambient heat more readily than adults [9,11].



In summary, a soccer player’s water requirements are influenced by various factors, such as gender, age, daily physical activity, and the environment in which they are playing. However, published studies evaluating parameters related to fluid status in soccer players have not compared all of these characteristics in the same study. Therefore, the aim of this study was to measure and compare the SR, fluid balance, and urine values in elite soccer players during training at high and low temperatures, looking for differences between sexes, playing positions, and competitive levels within men’s soccer. Accordingly, it was initially hypothesized that:



Hypothesis (H1). 

During training, fluid intake will be insufficient according to the official recommendations and calculated SR.





Hypothesis (H2). 

The SR and fluid intake will be higher when training at higher temperatures.





Hypothesis (H3). 

For physiological reasons, there will be significant differences in the fluid balance, SR, and urine values between the sexes (female team and U23-21) and male competition levels (U23-21 and U19-17). However, there will be no significant differences between playing positions.






2. Materials and Methods


2.1. Study Design


This is a descriptive observational study on the fluid balance, SR, and urine values in elite soccer players of both sexes, who belong to the Valencia C.F. Academy. The sample size calculation was performed with the RStudio software (version 3.15.0, RStudio Inc., Boston, MA, USA). The significance level was set a priori at p = 0.05. The standard deviation (SD) was set according to the total sweat rate (L/h) data from previous studies on male elite Spanish soccer players (DE = 0.21) [27]. With an estimated error (d) of 0.057, the sample size needed was 62 soccer players. The study population was selected by non-probabilistic, non-injury, convenience sampling among elite soccer players of both sexes belonging to the Valencia C.F. Academy. In addition, the study design, as well as the development of the manuscript, followed the STROBE statement [28].




2.2. Participants


The study included all soccer players from the Valencia Mestalla (U23-21), Juvenil A (U19-17), and Valencia CF Femenino teams. However, some players did not return to the club after the first trial, while others were unavailable due to sports-related injuries or promotion to the first team. Therefore, 19 players from the U23-21, 21 from the U19-17, and 22 from Valencia CF Femenino completed the warm environment training, while 12 from the U23-21, 6 from the U19-17, and 7 from Valencia CF Femenino completed the cold environment training. Thus, the sample was analyzed by dividing it into two subgroups: (1) the sample with repeated measurements (RM), and (2) the sample with non-repeated measurements (n-RM). All athletes have competed for at least nine years and perform five regular training sessions, along with two additional sessions per week, lasting approximately 90 to 120 min per day. They play one official soccer match per week. Women who were menstruating were excluded from the study, as this situation may affect urine samples. Table 1 shows the characteristics of the players, differentiating between players who took the test in both weather conditions and players who only participated in one measurement.




2.3. Procedure


The assessment was conducted during two training sessions in the month of January and August, during the competition season 2022–2023 in Paterna, Valencia (Spain). One session occurred in the winter (cool), while the other took place in the summer (warm) (Table 2). According to the coach’s guidelines, the intensity of the training was considered to be high (MD-3) and was similar in both cases. The sessions were representative of those normally performed by the team on typical days of the week and times in the season. The training sessions consisted of a 20 min warm-up on both the field and in the gym, followed by intervals of running, ball exercises, and 100 min soccer matches. All training sessions took place between 10:00 a.m. and 12:30 p.m., and all players followed the same training protocol. The players wore standard training and match equipment, including shorts, T-shirts, sports bras (for women), socks, shin guards, and soccer boots. The coach conducted the training without any interference from the research team. The players were not required to undergo any dietary control as part of the research. However, they were asked to urinate and defecate prior to the pre-training measurements. The club’s nutritionist insisted that the players follow the general hydration and nutrition protocol the day before the sample collection to ensure that all the players were well hydrated before the test.



The athletes were instructed to drink only from their assigned flasks. They were informed to notify the researcher when their flask was empty and needed to be refilled. After the training, the liquid from the canisters was poured into a beaker. The amount of liquid consumed by the athlete during training was calculated by subtracting the volume of liquid poured into the beaker from the total volume of liquid in the canister. To measure the volume of urine excreted by the soccer players, we recorded the volume of urine from the start of each training session until the end. For this purpose, soccer players may urinate before the pre-training weigh-in without the need to measure the volume of urine excreted. However, after the initial weigh-in, they must use an aseptic container with a 2 L capacity for urine collection. The protocol complies with the Declaration of Helsinki for human research and is approved by the Ethics Committee at the University of Valencia (1534145).




2.4. Instruments


The kinanthropometric measurements were conducted in accordance with ISO 7250-1:2017 [29] and the International Society for the Advancement of Kynanthropometry (ISAK) standard [30], by an accredited ISAK 1 anthropometrist. The body mass and height measurements were taken using a Seca 515/514 bioimpedance machine with an accuracy of 50 g and a Seca 213 transportable stadiometer with an accuracy of 1 mm, respectively. The soccer players were weighed in their underwear and barefoot before the start of training. They were instructed to urinate or defecate before the initial weigh-in. After training, the athletes wiped sweat from their faces, torso, and legs before being weighed again. To record the temperature, relative humidity, and wind speed at the research site, we utilized data from the Agencia Estatal de Meteorología (AEMET) to record the meteorological parameters. These environmental parameters were recorded from the warm-up’s start until the end of the training sessions and documented on a record sheet.



The percentage of weight lost was calculated using the equation proposed by Martins [31]: Percentage (%) Weight Lost or Dehydration = [(Weight before − Weight after)/Weight before] − 100. Weight expressed in kg. The calculation of the SR was carried out using the following formula, taken from Murray [19]: SR = (Weight Lost + Fluid Ingested − Urine)/Minutes Activity. Weight expressed in kg.



After the training session, the hydration status was estimated by the urine specific gravity (USG), measured with a digital refractometer (REC-200ATC, Gain Express Holdings Ltd., Hong Kong, China), and the urine color, using the Armstrong scale of 1 to 3 hydrated, 4 to 6 dehydrated, and 7 or 8 seriously dehydrated [32]. The hydration status using the USG was classified as follows: hydrated (USG ≤ 1.020), dehydrated (USG 1.021–1.024), and seriously dehydrated (USG > 1.024) [20]. The urine color was analyzed in all players who were able to urinate before training; all of them being in a hydrated state.




2.5. Stadistical Analysis


The normal distribution of the variables was evaluated using the Kolmogorov–Smirnov and Shapiro–Wilk tests. The homogeneity of variances was analyzed with the Levene test. Categorical variables are described as absolute (n) and relative (%) frequencies, and quantitative variables as the mean (SD). Comparisons between the parametric quantitative variables of 2 independent samples (sample of subjects with one measurement) were made with Student’s t-test, while the Mann–Whitney U test was employed for the non-parametric ones. Depending on the normality of the variables, comparisons of the quantitative variables of paired samples (sample of subjects with two measurements) were evaluated using Student’s t-test for repeated measurements or the Wilcoxon W test. The comparison between more than 2 independent means of parametric variables was analyzed by the variance analysis (ANOVA) test; however, the Kruskal–Wallis test was employed when the variables did not follow normal distribution. The comparison between more than 2 means of parametric variables from the sample with repeated measurements were studied using the ANOVA test for repeated measures or the Friedman test if the variables were non-parametric. Differences in the categorical variables were evaluated with the chi-square test. Statistical significance was set at p < 0.05. Statistical analysis was performed with the statistical package SPSS 26.0 for Windows.





3. Results


3.1. Fluid Balance and Sweat Rate


Table 3 shows the fluid balance, SR, and USG values for the two samples analyzed by sex, and in both winter and summer training. During summer training, U23-21 players experienced higher weight loss (RM: 0.87 ± 0.59 kg; 1.17 ± 0.82%/n-RM: 0.96 ± 0.63 kg; 1.27 ± 0.8%), fluid intake (RM: 1.97 ± 0.88 L/n-RM: 2.12 ± 0.73 L), SR (RM: 1.34 ± 0.46 L/h/n-RM:1.46 ± 0.40 L/h), and USG in RM (1.03 ± 0.01) compared to winter training. However, there were no statistically significant differences in the urine output. Female players presented a significantly higher SR during summer training (RM: 0.72 ± 0.17 L/h/n-RM: 0.68 ± 0.16 L/h) in comparison with winter training (RM: 0.63 ± 0.14 L/h/n-RM: 0.55 ± 0.10 L/h). When compared by sex, males had higher weight loss (RM: 0.87 ± 0.59 kg; 1.17 ± 0.82%/n-RM: 0.96 ± 0.63 kg; 1.27 ± 0.8%), fluid intake (RM: 1.97 ± 0.88 L/n-RM: 2.12 ± 0.73 L), SR (RM: 1.34 ± 0.46 L/h/n-RM:1.46 ± 0.40 L/h), and USG (RM: 1.03 ± 0.01/n-RM: 1.02 ± 0.01) during summer training, as well as in the total sample. No statistically significant differences were observed between playing positions during summer and winter training in n-RM. However, midfielders showed higher weight loss (1.07 ± 0.68 kg/1.56 ± 0.90%), fluid intake (1.96 ± 0.82 L), and SR (1.39 ± 0.55 L/h) in the warm training session and lower USG (1.02 ± 0.01) than the other playing positions in the RM (File S1: Results according to playing position).



Table 4 shows the hydration values and fluid balance between the competitive levels for men in both winter and summer training. U19-17 athletes had a higher SR (RM: 1.18 ± 0.31 L/h/n-RM: 1.09 ± 0.25 L/h), fluid intake (RM: 1.72 ± 0.28 L/n-RM: 1.76 ± 0.37 l), and weight loss in RM (0.82 ± 0.62 kg/1.15 ± 0.86%) during warm training, while the USG in n-RM was higher during cool training (1.03 ± 0.00). No statistically significant differences were found in the urine output. When comparing the two levels of competition, U23-21 players showed a higher weight loss (U23-21: 0.96 ± 0.63 kg/U19-17: 0.58 ± 0.53 kg), fluid intake (U23-21: 2.12 ± 0.73 L/U19-17: 1.76 ± 0.37 L), and SR (U23-21: 1.46 ± 0.40 L/h/U19-17: 1.09 ± 0.25 L/h) during summer training in n-RM.



Figure 1 shows the SR values by team and by season of the year in which the evaluation was carried out. During the summer training, the female team had the lowest SR value (RM: 0.72 ± 0.17 L/h/n-RM: 0.68 ± 0.16 L/h), followed by the U19-17 (RM: 1.18 ± 0. 31 L/h/n-RM: 1.09 ± 0.25 L/h), while the U23-21 (RM: 1.34 ± 0.46 L/h/n-RM: 1.46 ± 0.40 L/h) had the highest value (RM: 1.34 ± 0.46 L/h/n-RM: 1.46 ± 0.40 L/h). In addition, the female team exhibited the lowest mean SR (n-RM: 0.65 ± 0.16 L/h), followed by the U19-17 (n-RM: 0.98 ± 0.33 L/h), and the U23-21 (n-RM: 1.14 ± 0.54 L/h).




3.2. Hydration Status


Table 5 shows the hydration status as a function of sex in both winter and summer training. No statistically significant differences in the urine color status and USG were observed, regardless of the type of training. No statistically significant differences were observed between the playing positions during summer and winter training (File S1: Results according to playing position).



Table 6 shows the hydration status as a function of the level of competition in both winter and summer training. Statistically significant differences in the urine color were observed during winter training in n-RM, with the entire sample of the U23-21 team in the DH category. No statistically significant differences in the USG and urine color were observed during summer training. Figure 2 shows the hydration status by team and by season of the year in which the evaluation was carried out.





4. Discussion


To our knowledge, this is the first study to analyze the fluid balance, SR, and urine values during training in different climatic conditions in elite soccer players, comparing them across playing positions, sexes, and male competitive levels. The main results were as follows: (1) neither group consumed the recommended amount of fluids based on the official recommendations and calculated SR, but they did not exceed weight loss values of 1.5% of their body mass; (2) weight loss, fluid intake, and SR were higher during summer training than winter training in all the groups of soccer players studied. Nonetheless, urine collected did not vary. (3) During summer, U23-21 players showed higher values for weight loss, fluid intake, and SR than female athletes, or the U19-17 male category; (4) no differences in the hydration status or SR were observed between playing positions.



4.1. Fluid Balance and Sweat Rate


The International Olympic Committee (IOC) recommends, as a general guideline, the consumption of 6 mL of fluid per kg of body mass every 2–3 h, which amounts to 2–3 L per day. Additionally, it is recommended to consume 1–2 L of fluid per hour of exercise and 1 L for every 5 °C increase in ambient temperature above 21.5 °C [33]. However, the SR of athletes varies significantly due to factors such as environmental conditions, metabolic rate, clothing, and heat acclimatization [7,33]. The amount of fluid lost through sweating can range from less than 1 to more than 3 L per hour [33]. Therefore, it is difficult to establish an absolute recommendation for fluid intake during exercise. Additionally, limiting the rate of gastric emptying affects the amount of fluid an athlete can ingest during competition [33].



In a recent study, data were collected from different sports modalities, where 268 soccer players were included, obtaining mean values of 0.94 ± 0.38 L/h in SR and 795 ± 441 mg/h (34.6 ± 19.2 mmol/h) in lost sodium [34]. However, it should be noted that they did not differentiate between level categories or sexes. In a second study, they included 497 soccer players (415 male and 82 female) and found a mean SR range of 0.3–2.5 L/h, although, as in the previous study, the data were not differentiated between athletes [8]. In addition, the review assessed the potential impact of hypohydration on cognitive function, sport-specific skills, sprinting ability, and high-intensity intermittent performance in soccer. The data indicate significant negative effects; however, additional research is required for more precise conclusions. The average results for the SR in the U23-21 category (1.14 ± 0.54 L/h), both in summer (RM: 1.34 ± 0.46 L/h/n-RM: 1.46 ± 0.40 L/h) and winter (RM: 0.55 ± 0.16 L/h/n-RM: 0.62 ± 0.21 L/h), are consistent with the previously mentioned reviews, thus supporting the consistency of our findings.



In relation to weight lost, Shirreffs et al. evaluated fluid intake (830 ± 380 mL) and weight loss (1.5 ± 0.5%) after a 90 min training session in 67 soccer players, from three European professional teams [35]. However, the study did not find any relationship between body mass and sweat loss or volume of fluid consumed. Therefore, factors such as activity rate, heat acclimatization status, and genetic differences likely contribute to the large variability observed among soccer players. Another study collected data from 19 semi-professional soccer players on their SR (0.86 ± 0.42 L/h), fluid intake (768 ± 292 mL), body weight loss (1.07 ± 0.62 kg and 1.46 ± 0.84%), and environmental conditions (23.9 ± 2.63 °C) over an 11-week period [36]. Although most soccer players did not match fluid loss during training, the results showed that a fluid intake above ~10 mL·kg−1 body weight was associated with an increase in the total distance traveled and high-speed running distance during prolonged training sessions (>110 min) [36].



The weight loss values observed in our study were lower than those reported in the literature. The mean weight loss values for U23-21 soccer players were 1.05 ± 0.76%, for U19-17 players it was 0.74 ± 0.81%, and for female players it was 0.60 ± 0.67%. Our results found that fluid intake during training was higher than previously reported. Specifically, the mean values for U23-21 (1.65 ± 0.86 L), U19-17 (1.61 ± 0.53 L), and female players (1.13 ± 0.49 L) were all higher than in previous studies. This trend was also observed in both summer and winter values across all three groups of soccer players. Possible reasons for the observed differences between players may include environmental factors such as temperature or humidity, variations in training intensity, differences in acclimatization status, body composition (including fat and muscle mass), and variations in dietary education and hydration habits.



When quantifying a player’s hydration, it is important to consider training intensity. Several studies have shown that higher intensity training is associated with greater weight loss, greater loss of sodium in sweat, and a higher SR [27,37]. Therefore, the hydration needs of soccer players should be increased accordingly. Our research was conducted during MD-3 in both summer and winter to ensure that all soccer players were subjected to the same physical demands and to eliminate bias.



Women experience changes in fluid balance throughout the menstrual cycle due to hormonal variations. In the follicular phase, estrogen, luteinizing hormone, and follicle-stimulating hormone levels increase, affecting the regulation of body fluids. During the luteal phase, there is a significant increase in body temperature of 0.3 to 0.5 °C at rest and during exercise. This could increase the risk of heat-related illness, especially if combined with dehydration [38,39]. Thus, in female elite soccer players, it was observed that sweat sodium loss and SR during exercise were related to basal testosterone concentration, but not to basal cortisol concentration or the testosterone/cortisol ratio [40]. Hormonal changes can impact fluid dynamics, body temperature, thirst, and, consequently, athletic performance and overall health [8,38]. Nevertheless, it is important to note that the specific interaction between SR, the menstrual cycle, and hydration requires further research to fully understand its impact on women’s health and performance.



Studies have shown that women generally have lower SR values due to their lower body mass and lower absolute work rates [12,21]. Our results are consistent with the scientific literature, indicating lower values in female soccer players (0.65 ± 0.16 L/h) compared to U23-21 male soccer players (1.14 ± 0.54 L/h), particularly during summer training in both RM (0.72 ± 0.17 L/h vs. 1.34 ± 0.46 L/h) and n-RM (0.68 ± 0.16 L/h vs. 1.46 ± 0.40 L/h).



A recent study assessed the fluid balance of eight female professional soccer players during a training session and a match [12]. During training, the athletes experienced a slight increase in weight (0.2 ± 0.3 kg; 0.29 ± 0.57%) and a urine output of 104 ± 257 mL, along with a SR of 0.49 ± 0.26 L/h. In contrast, during the match, the athletes experienced a decrease in weight (0.7 ± 0.5 kg; 1.12 ± 0.86%) and a urine output of 107 ± 83 mL, along with a SR of 0.85 ± 0.30 L/h [12]. Our study found that weight decreased after training (0.35 ± 0.41 kg; 0.60 ± 0.67%), while the urine output (0.20 ± 0.15 L) and SR (0.65 ± 0.16 L/h) remained similar.



Concerning young soccer players, there seems to be a tendency to underestimate their sweat losses, which can lead to inadequate hydration during training (especially in hot conditions) [41]. Food education is crucial for optimizing the nutrition and hydration of young soccer players. It can enhance their knowledge and enable them to apply it during their future careers. Effective interventions include talks, informative posters, infographics, and web or mobile applications. These interventions have been shown to improve knowledge and habits in young soccer players [42,43,44]. In our study, we found that U19-17 soccer players had lower values for SR, fluid intake, and weight loss after exercise compared to U23-21 soccer players, particularly during summer training. Physiological differences may contribute to discrepancies in these values. Factors such as a higher basal metabolic rate in adults, a higher body mass to body surface area ratio, more efficient thermoregulatory capacity in adults, physiological development, and established hydration habits may result in a greater need for thermoregulation through sweating during exercise [4,42,45].




4.2. Hydration Status and Environment


The prevalence of starting exercise in a hypohydrated state has been observed in soccer players. The prevalence of hypohydration was observed to be 63.3% using the USG as a measurement method, 37.4% using urine osmolarity, and 58.8% using urine color [45]. Male, elite soccer players during pre-training had a higher prevalence of hypohydration states (66.0%, 66.2%, and 79.6%, respectively) compared to female, recreational, and pre-game players (49.4%, 55.6%, and 41.3%, respectively) [45]. Furthermore, the scientific literature documents instances of young athletes arriving at training sessions and competitions already dehydrated [4].



Exercise in hot conditions led to significant increases in heart rate, the rate of perceived exertion, and skin temperature, while the temperature gradient decreased [33,46]. Conversely, no significant changes in blood lactate concentration were observed during exercise in cold conditions [46]. These results suggest that the environmental temperature has a significant impact on the physiological response during exercise, which may affect perceived fatigue and performance. During prolonged exercise in hot environmental conditions, the IOC recommends consuming fluids containing diluted carbohydrates and electrolytes to improve the overall fluid intake. On the one hand, the diluted carbohydrates and electrolytes increase the palatability of fluids [33]. On the other hand, carbohydrate intake during exercise can increase the time to exhaustion and decrease the heart rate during tests [46]. None of the soccer players studied consumed carbohydrate-rich beverages during training. This may be due to personal preference or nutritional recommendations from the nutritionist based on the caloric and/or carbohydrate load of the microcycle, which focuses on carbohydrate periodization [47].



Regarding low temperatures, they may lead to reduced hydration needs. However, the relationship between sweat loss and fluid intake is complex and can vary between individuals. Additionally, in these conditions, athletes may experience a decreased thirst sensation, which could increase the risk of dehydration if proper hydration habits are not maintained [14]. A study was conducted to analyze the fluid and electrolyte balance of 17 professional soccer players during a training session at 5.1 ± 0.7 °C. The players experienced a weight loss of 1.62 ± 0.55% (1.27 ± 0.47 kg), their water intake was 423 ± 215 mL, and their SR was 1.13 ± 0.30 L/h [14]. Another study assessed the fluid balance of 14 professional soccer players in response to low and high cold training intensities. The study found that the SR (0.98 ± 0.21 L/h) and fluid intake (505 ± 265 mL) were higher at a high intensity compared to a low intensity (0.55 ± 0.20 L/h and 394 ± 160 mL, respectively), while maintaining a similar USG (1.023 ± 0.004 at high intensity and 1.024 ± 0.005 at low intensity) [27].



Considering the IOC’s recommendation to keep USG levels below 1.020 [33], our results showed that most of the players in all categories ended up dehydrated or severely dehydrated, especially the U19-17 in winter training (RM: 1.03 ± 0.01/n-RM: 1.03 ± 0.00). There could be several reasons for this. Firstly, it may be due to inadequate hydration or poor dietary intake prior to training, although it should be noted that the club’s nutritionist provided and implemented the necessary dietary and hydration recommendations to the players the day before the test. Additionally, it could be attributed to the intensity of the training, as it was demanding for all players. However, it is important to note that these players are considered elite and have at least 9 years of competitive experience.



In addition to testing the USG, another method to assess the hydration of soccer players is through bioimpedance (BIA). BIA is a non-invasive and easy-to-apply method based on the principle that body water conductivity varies between different compartments and can be used to calculate fat mass and fat-free mass (including total body water) [48]. Determining the water status prior to training and/or competitions could enhance hydration patterns and prevent adverse effects, such as dehydration and hyperhydration, which can negatively impact sports performance or increase the risk of injury [49]. However, it is important to note that certain diseases, treatments, clinical situations, and individual conditions (such as ethnicity and extremity position), as well as the type of bioimpedance (including the number of electrodes and frequency), and rules of use, may affect the results of this instrument [50]. Therefore, it is advisable to combine methods to avoid measurement errors.




4.3. Limitations


This research had some limitations that should be discussed. Although the study population was small, all Spanish soccer players in the selected sample were recruited, which is a significant sample size according to the statistical principles applied. In addition, the concentrations of electrolytes, such as sodium or potassium, in sweat were not analyzed due to logistical reasons, which is useful for the quality control of sweat samples. Another limitation of the present study was that fluid intake was only assessed during exercise. Assessing the first morning USG, 24 h urine volumes, and/or 24 h fluid intake before training would provide information on the influence of basal hydration on the SR and urine color. Additionally, the second evaluation was completed 5 months after the initial tests conducted in August. It is unclear whether the sweat rate and fluid intake of the players were influenced by acclimatization, food education by the club dietitian-nutritionist, or changes in their physical condition during the observed period. In addition, none of the players consumed carbohydrates during exercise, and future studies could explore how carbohydrate sources, such as gels, bars, and sports drinks, may affect players’ ad libitum water intake. Lastly, although the sample incorporating n-RM is larger, it is important to consider both intra- and inter-individual variability when interpreting the results. However, we included the RM sample to enhance the sensitivity and reliability of the results.




4.4. Practical Applications


The following practices are recommended for soccer clubs due to the variability of fluid balance and urine values:




	
Food education: Implement food education programs for soccer players, especially in youth categories, to promote understanding about and the importance of adequate fluid and food intake to support sports performance and recovery. The use of infographics, presentations, or posters can contribute to this. In addition, it is advisable to encourage the consumption of seasonal foods that can contribute to hydration, such as vegetables like beet, cucumber, and tomato, and fruits like watermelon, orange, and melon, as well as animal milk or vegetable drinks.



	
Body composition monitoring: To monitor changes in hydration and adjust nutritional and hydration strategies, body composition assessment methods, such as electrical bioimpedance, should be used.



	
Sex: It is important to consider sex differences when it comes to hydration. Recognize and address differences in hydration needs between males and females, including the influence of the menstrual cycle on the sweat rate and sodium loss.



	
Climate adaptation: To prepare athletes for competing in high temperature conditions and minimize the risk of heat-related illnesses, climate adaptation programs should include acclimatization to different temperatures and relative humidity.



	
Urinary values: Urinary indices can be used as a tool to assess the hydration status of athletes before and after physical demands. This information can be used to make timely adjustments in fluid intake.



	
Hydration interventions during training and competitions: It is recommended to establish hydration practices and protocols during exercise sessions. This includes providing regular drinking breaks and making hypotonic, isotonic, or hypertonic beverages available, according to individual needs.



	
Individualized hydration strategies: It is crucial to develop individualized hydration plans for athletes, since hydration affects cognitive, technical, and physical performance. To achieve this, it is desirable to know certain values, such as the sweat rate or sodium concentration in sweat, not only at the team level but also on an individual basis.










5. Conclusions


The main findings indicate that the soccer players did not meet the recommended fluid intake based on the official guidelines and calculated SR; however, they did not exceed a 1.5% body mass loss. Furthermore, summer training sessions consistently resulted in higher weight loss, fluid intake, and SR compared to winter sessions across all player categories. Among the U23-21 male football players, these values were higher than those of their female counterparts and the U19-17 male category. Lastly, no significant differences were observed between the various playing positions.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu16060903/s1, File S1: Results according to playing position. Table S1. Hydration values and fluid balance of the sample as a function of playing position. Table S2. Hydration values and fluid balance of the sample as a function of playing position. Figure S1. Sweating rate by player position of the sample with repeated measurements. Figure S2. Sweating rate by player position of the sample with non-repeated measurements. Figure S3. Hydration status by player position of the sample with repeated measurements. Figure S4. Hydration status by player position of the sample with non-repeated measurements.





Author Contributions


Conceptualization, J.M.M.-S., J.M.S. and J.S.-R.; methodology, J.M.M.-S., J.M.S., J.S.-R., S.d.l.C.M., J.S.-C., Á.F.G.-F. and P.L.-M.; data curation, J.S.-R., S.d.l.C.M. and J.S.-C.; formal analysis, J.S.-R., S.d.l.C.M., J.S.-C., Á.F.G.-F. and P.L.-M.; investigation, J.M.M.-S., J.M.S., J.S.-R., J.S.-C., Á.F.G.-F. and P.L.-M.; visualization, J.M.M.-S., J.M.S. and J.S.-R.; writing—original draft preparation, J.S.-R., S.d.l.C.M., J.S.-C., Á.F.G.-F. and P.L.-M.; writing—review and editing, J.M.M.-S., J.M.S., J.S.-R., S.d.l.C.M., J.S.-C., Á.F.G.-F. and P.L.-M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee at University of Valencia (file no. 1534145, 15 January 2021).




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available in the tables in this article. The data presented in this study are available on request from the corresponding author.




Acknowledgments


Authors are grateful to the Valencia C.F. Academy (soccer players and technical-medical staff) for their support and collaboration in the development of this study. This study is part of the doctoral thesis by Jaime Sebastiá Rico.




Conflicts of Interest


All authors of the work declare that they do not have any conflicts of interest.




Abbreviations


AEMET: Agencia Estatal de Meteorología; BIA: bioimpedance; n-RM: non-repeated measurements; RM: repeated measurements; SR: sweat rate; USG: urine specific gravity.




References


	



Mujika, I.; Burke, L.M. Nutrition in Team Sports. Ann. Nutr. Metab. 2010, 57 (Suppl. 2), 26–35. [Google Scholar] [CrossRef]

	



Rivilla-García, J.; Calvo, L.C.; Jiménez-Rubio, S.; Paredes-Hernández, V.; Muñoz, A.; van den Tillaar, R.; Navandar, A. Characteristics of Very High Intensity Runs of Soccer Players in Relation to Their Playing Position and Playing Half in the 2013-14 Spanish La Liga Season. J. Hum. Kinet. 2019, 66, 213–222. [Google Scholar] [CrossRef] [PubMed]

	



Dolci, F.; Hart, N.H.; Kilding, A.E.; Chivers, P.; Piggott, B.; Spiteri, T. Physical and Energetic Demand of Soccer: A Brief Review. Strength Cond. J. 2020, 42, 70–77. [Google Scholar] [CrossRef]

	



Collins, J.; Maughan, R.J.; Gleeson, M.; Bilsborough, J.; Jeukendrup, A.; Morton, J.P.; Phillips, S.M.; Armstrong, L.; Burke, L.M.; Close, G.L.; et al. UEFA Expert Group Statement on Nutrition in Elite Football. Current Evidence to Inform Practical Recommendations and Guide Future Research. Br. J. Sports Med. 2021, 55, 416. [Google Scholar] [CrossRef] [PubMed]

	



Bangsbo, J.; Iaia, F.M.; Krustrup, P. Metabolic Response and Fatigue in Soccer. Int. J. Sports Physiol. Perform. 2007, 2, 111–127. [Google Scholar] [CrossRef] [PubMed]

	



Ali, A.; Gardiner, R.; Foskett, A.; Gant, N. Fluid Balance, Thermoregulation and Sprint and Passing Skill Performance in Female Soccer Players. Scand. J. Med. Sci. Sports 2011, 21, 437–445. [Google Scholar] [CrossRef] [PubMed]

	



Belval, L.N.; Hosokawa, Y.; Casa, D.J.; Adams, W.M.; Armstrong, L.E.; Baker, L.B.; Burke, L.; Cheuvront, S.; Chiampas, G.; González-Alonso, J.; et al. Practical Hydration Solutions for Sports. Nutrients 2019, 11, 1550. [Google Scholar] [CrossRef] [PubMed]

	



Nuccio, R.P.; Barnes, K.A.; Carter, J.M.; Baker, L.B. Fluid Balance in Team Sport Athletes and the Effect of Hypohydration on Cognitive, Technical, and Physical Performance. Sports Med. 2017, 47, 1951–1982. [Google Scholar] [CrossRef]

	



Urdampilleta, A.; Gómez-Zorita, S. From Dehydration to Hyperhidration Isotonic and Diuretic Drinks and Hyperhydratant Aids in Sport. Nutr. Hosp. 2014, 29, 21–25. [Google Scholar] [CrossRef]

	



Laksmi, P.W.; Morin, C.; Gandy, J.; Moreno, L.A.; Kavouras, S.A.; Martinez, H.; Salas-Salvadó, J.; Guelinckx, I. Fluid Intake of Children, Adolescents and Adults in Indonesia: Results of the 2016 Liq.In7 National Cross-Sectional Survey. Eur. J. Nutr. 2018, 57, 89–100. [Google Scholar] [CrossRef]

	



American College of Sports Medicine; Armstrong, L.E.; Casa, D.J.; Millard-Stafford, M.; Moran, D.S.; Pyne, S.W.; Roberts, W.O. American College of Sports Medicine Position Stand. Exertional Heat Illness during Training and Competition. Med. Sci. Sports Exerc. 2007, 39, 556–572. [Google Scholar] [CrossRef]

	



Tarnowski, C.A.; Rollo, I.; Carter, J.M.; Lizarraga-Dallo, M.A.; Oliva, M.P.; Clifford, T.; James, L.J.; Randell, R.K. Fluid Balance and Carbohydrate Intake of Elite Female Soccer Players during Training and Competition. Nutrients 2022, 14, 3188. [Google Scholar] [CrossRef]

	



Cheuvront, S.N.; Montain, S.J. Myths and Methodologies: Making Sense of Exercise Mass and Water Balance. Exp. Physiol. 2017, 102, 1047–1053. [Google Scholar] [CrossRef] [PubMed]

	



Maughan, R.J.; Shirreffs, S.M.; Merson, S.J.; Horswill, C.A. Fluid and Electrolyte Balance in Elite Male Football (Soccer) Players Training in a Cool Environment. J. Sports Sci. 2005, 23, 73–79. [Google Scholar] [CrossRef] [PubMed]

	



Maughan, R.J.; Watson, P.; Evans, G.H.; Broad, N.; Shirreffs, S.M. Water Balance and Salt Losses in Competitive Football. Int. J. Sport Nutr. Exerc. Metab. 2007, 17, 583–594. [Google Scholar] [CrossRef]

	



Maughan, R.J.; Shirreffs, S.M.; Leiper, J.B. Errors in the Estimation of Hydration Status from Changes in Body Mass. J. Sports Sci. 2007, 25, 797–804. [Google Scholar] [CrossRef]

	



Davis, J.-K.; Laurent, C.M.; Allen, K.E.; Green, J.M.; Stolworthy, N.I.; Welch, T.R.; Nevett, M.E. Influence of Dehydration on Intermittent Sprint Performance. J. Strength Cond. Res. 2015, 29, 2586–2593. [Google Scholar] [CrossRef] [PubMed]

	



Baker, L.B.; Stofan, J.R.; Hamilton, A.A.; Horswill, C.A. Comparison of Regional Patch Collection vs. Whole Body Washdown for Measuring Sweat Sodium and Potassium Loss during Exercise. J. Appl. Physiol. 2009, 107, 887–895. [Google Scholar] [CrossRef]

	



Murray, B. Hydration and Physical Performance. J. Am. Coll. Nutr. 2007, 26, 542S–548S. [Google Scholar] [CrossRef]

	



Thomas, D.T.; Erdman, K.A.; Burke, L.M. American College of Sports Medicine Joint Position Statement. Nutrition and Athletic Performance. Med. Sci. Sports Exerc. 2016, 48, 543–568. [Google Scholar] [CrossRef]

	



Kilding, A.E.; Tunstall, H.; Wraith, E.; Good, M.; Gammon, C.; Smith, C. Sweat Rate and Sweat Electrolyte Composition in International Female Soccer Players during Game Specific Training. Int. J. Sports Med. 2009, 30, 443–447. [Google Scholar] [CrossRef] [PubMed]

	



Cheuvront, S.N.; Haymes, E.M.; Sawka, M.N. Comparison of Sweat Loss Estimates for Women during Prolonged High-Intensity Running. Med. Sci. Sports Exerc. 2002, 34, 1344–1350. [Google Scholar] [CrossRef] [PubMed]

	



Sebastiá-Rico, J.; Martínez-Sanz, J.M.; González-Gálvez, N.; Soriano, J.M. Differences in Body Composition between Playing Positions in Men’s Professional Soccer: A Systematic Review with Meta-Analysis. Appl. Sci. 2023, 13, 4782. [Google Scholar] [CrossRef]

	



Porta, M.; Sebastiá-Rico, J.; Martínez-Sanz, J.M.; Contreras, C.; Vaquero-Cristóbal, R.; López-Cáceres, P.A. Anthropometric Values in Spanish Elite Soccer: Differences between Divisions and Playing Positions. Appl. Sci. 2023, 13, 11441. [Google Scholar] [CrossRef]

	



Barros, R.M.L.; Misuta, M.S.; Menezes, R.P.; Figueroa, P.J.; Moura, F.A.; Cunha, S.A.; Anido, R.; Leite, N.J. Analysis of the Distances Covered by First Division Brazilian Soccer Players Obtained with an Automatic Tracking Method. J. Sports Sci. Med. 2007, 6, 233–242. [Google Scholar]

	



Di Salvo, V.; Baron, R.; Tschan, H.; Calderon Montero, F.J.; Bachl, N.; Pigozzi, F. Performance Characteristics According to Playing Position in Elite Soccer. Int. J. Sports Med. 2007, 28, 222–227. [Google Scholar] [CrossRef]

	



Rollo, I.; Randell, R.K.; Baker, L.; Leyes, J.Y.; Medina Leal, D.; Lizarraga, A.; Mesalles, J.; Jeukendrup, A.E.; James, L.J.; Carter, J.M. Fluid Balance, Sweat Na+ Losses, and Carbohydrate Intake of Elite Male Soccer Players in Response to Low and High Training Intensities in Cool and Hot Environments. Nutrients 2021, 13, 401. [Google Scholar] [CrossRef] [PubMed]

	



Vandenbroucke, J.P.; von Elm, E.; Altman, D.G.; Gøtzsche, P.C.; Mulrow, C.D.; Pocock, S.J.; Poole, C.; Schlesselman, J.J.; Egger, M. STROBE Initiative Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): Explanation and Elaboration. Epidemiol. Camb. Mass 2007, 18, 805–835. [Google Scholar] [CrossRef]

	



ISO 7250-1:2017; Basic Human Body Measurements for Technological Design—Part 1: Body Measurement Definitions and Landmarks. Spanish Association for Standardization: Madrid, Spain, 2017.

	



Esparza-Ros, F.; Vaquero-Cristóbal, R.; Marfell-Jones, M. International Standards for Anthropometric Assessment; International Society for the Advancement of Kinanthropometry (ISAK): Glasgow, UK, 2019; ISBN 978-84-92986-15-6. [Google Scholar]

	



Martins Nobrega, M.; Tumiski, J.A.; Jorge, K.; Worms, R.H.; Mendes Rosa, W.; Bohn Zanoni, J.H.; Coppi Navarro, A. A desidratação corporal de atletas amadores de futsal. Rev. Bras. Prescrição E Fisiol. Exerc. 2007, 1, 4. [Google Scholar]

	



Armstrong, L.E.; Maresh, C.M.; Castellani, J.W.; Bergeron, M.F.; Kenefick, R.W.; LaGasse, K.E.; Riebe, D. Urinary Indices of Hydration Status. Int. J. Sport Nutr. 1994, 4, 265–279. [Google Scholar] [CrossRef]

	



Racinais, S.; Hosokawa, Y.; Akama, T.; Bermon, S.; Bigard, X.; Casa, D.J.; Grundstein, A.; Jay, O.; Massey, A.; Migliorini, S.; et al. IOC Consensus Statement on Recommendations and Regulations for Sport Events in the Heat. Br. J. Sports Med. 2023, 57, 8–25. [Google Scholar] [CrossRef]

	



Barnes, K.A.; Anderson, M.L.; Stofan, J.R.; Dalrymple, K.J.; Reimel, A.J.; Roberts, T.J.; Randell, R.K.; Ungaro, C.T.; Baker, L.B. Normative Data for Sweating Rate, Sweat Sodium Concentration, and Sweat Sodium Loss in Athletes: An Update and Analysis by Sport. J. Sports Sci. 2019, 37, 2356–2366. [Google Scholar] [CrossRef] [PubMed]

	



Shirreffs, S.M.; Sawka, M.N.; Stone, M. Water and Electrolyte Needs for Football Training and Match-Play. J. Sports Sci. 2006, 24, 699–707. [Google Scholar] [CrossRef]

	



Badham, L.; Stern, S.E.; O’Connor, F.K.; Wijekulasuriya, G.A.; Corcoran, G.; Cox, G.R.; Coffey, V.G. Fluid Intake Is a Strong Predictor of Outdoor Team Sport Pre-Season Training Performance. J. Sports Sci. 2023, 41, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Sabou, V.; Rush, C.; Mason, L.; Dupont, G.; Louis, J. Effects of Training Intensity and Environmental Condition on the Hydration Status of Elite Football Players. Sci. Med. Footb. 2020, 4, 329–337. [Google Scholar] [CrossRef]

	



Giersch, G.E.W.; Charkoudian, N.; Stearns, R.L.; Casa, D.J. Fluid Balance and Hydration Considerations for Women: Review and Future Directions. Sports Med. 2020, 50, 253–261. [Google Scholar] [CrossRef]

	



Kolka, M.A.; Stephenson, L.A. Effect of Luteal Phase Elevation in Core Temperature on Forearm Blood Flow during Exercise. J. Appl. Physiol. 1997, 82, 1079–1083. [Google Scholar] [CrossRef]

	



Castro-Sepulveda, M.; Cancino, J.; Jannas-Vela, S.; Jesam, F.; Lobos, C.; Del Coso, J.; Zbinden-Foncea, H. Role of Basal Hormones on Sweat Rate and Sweat Na+  Loss in Elite Women Soccer Players. Int. J. Sports Med. 2020, 41, 646–651. [Google Scholar] [CrossRef]

	



Davis, B.; Bowling, L.; Dean, T.; Knight, S.; Robinson, M.; Russell, A.; O’Neal, E. Collegiate Soccer Players Consistently Underestimate Practice Sweat Losses Regardless of Practice Sweat Loss Volume. Montenegrin J. Sports Sci. Med. 2022, 11, 65–70. [Google Scholar] [CrossRef]

	



Martín-Payo, R.; Fernández-Álvarez, M.D.M.; Zabaleta-Del-Olmo, E.; García-García, R.; González-Méndez, X.; Carrasco-Santos, S. Feasibility Study of an Educational Intervention to Improve Water Intake in Adolescent Soccer Players: A Two-Arm, Non-Randomized Controlled Cluster Trial. Int. J. Environ. Res. Public Health 2021, 18, 1339. [Google Scholar] [CrossRef]

	



Gao, Z.; Wang, S.; Peng, L.; Sun, L.; Qiu, P.; Bai, B.; Zhang, Q.; Wu, J.; Zha, Y.; Zhu, F.; et al. Comparison of the Effects of Different Forms of Nutrition Education on Adolescent Male Soccer Players. Int. J. Environ. Res. Public Health 2022, 19, 13803. [Google Scholar] [CrossRef]

	



Sánchez-Díaz, S.; Yanci, J.; Castillo, D.; Scanlan, A.T.; Raya-González, J. Effects of Nutrition Education Interventions in Team Sport Players. A Systematic Review. Nutrients 2020, 12, 3664. [Google Scholar] [CrossRef] [PubMed]

	



Chapelle, L.; Tassignon, B.; Rommers, N.; Mertens, E.; Mullie, P.; Clarys, P. Pre-Exercise Hypohydration Prevalence in Soccer Players: A Quantitative Systematic Review. Eur. J. Sport Sci. 2020, 20, 744–755. [Google Scholar] [CrossRef] [PubMed]

	



Pellicer-Caller, R.; Vaquero-Cristóbal, R.; González-Gálvez, N.; Abenza-Cano, L.; Horcajo, J.; de la Vega-Marcos, R. Influence of Exogenous Factors Related to Nutritional and Hydration Strategies and Environmental Conditions on Fatigue in Endurance Sports: A Systematic Review with Meta-Analysis. Nutrients 2023, 15, 2700. [Google Scholar] [CrossRef] [PubMed]

	



Anderson, L.; Orme, P.; Naughton, R.J.; Close, G.L.; Milsom, J.; Rydings, D.; O’Boyle, A.; Di Michele, R.; Louis, J.; Hambly, C.; et al. Energy Intake and Expenditure of Professional Soccer Players of the English Premier League: Evidence of Carbohydrate Periodization. Int. J. Sport Nutr. Exerc. Metab. 2017, 27, 228–238. [Google Scholar] [CrossRef] [PubMed]

	



Moreira, O.C.; Aubin, D.A.A.; de Oliveira, C.E.P.; Luján, R.C. Métodos de evaluación de la composición corporal: Una revisión actualizada de descripción, aplicación, ventajas y desventajas. Arch. Med. Deporte Rev. Fed. Esp. Med. Deporte Confed. Iberoam. Med. Deporte 2015, 32, 387–394. [Google Scholar]

	



Sebastiá-Rico, J.; Soriano, J.M.; González-Gálvez, N.; Martínez-Sanz, J.M. Body Composition of Male Professional Soccer Players Using Different Measurement Methods: A Systematic Review and Meta-Analysis. Nutrients 2023, 15, 1160. [Google Scholar] [CrossRef]

	



Alvero-Cruz, J.R.; Correas Gómez, L.; Ronconi, M.; Fernández Vázquez, R.; Porta i Manzañido, J. La bioimpedancia eléctrica como método de estimación de la composición corporal, normas prácticas de utilización. Rev. Andal. Med. Deporte 2011, 4, 167–174. [Google Scholar]








[image: Nutrients 16 00903 g001] 





Figure 1. Sweat rate by team. 
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Figure 2. Hydration status by team. 
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Table 1. Characteristics of the sample.






Table 1. Characteristics of the sample.





	
RM Sample




	

	
Males

(n = 16)

	
Females

(n = 11)

	
Total

(n = 27)




	
Age (years)

	
19.9 (2.4)

	
22.6 (3.5)

	
21.0 (3.15) *




	
Weight (kg)

	
72.9 (4.1)

	
61.6 (8.7)

	
68.3 (8.4) *




	
Height (cm)

	
181.2 (6.0)

	
165.0 (5.9)

	
173.1 (8.1) *




	
n-RM sample




	

	
Males

	
Females

	
Total




	

	
W

(n = 40)

	
C

(n = 18)

	
T

(n = 58)

	
W

(n = 22)

	
C

(n = 7)

	
T

(n = 29)

	
W

(n = 62)

	
C

(n = 25)

	
T

(n = 87)




	
Age (years)

	
18.4 (2.4)

	
19.2 (2.9)

	
18.7 (2.5)

	
21.0 (3.7)

	
25.0 (4.8)

	
22.0 (4.3) †

	
19.3 (3.1) *

	
20.8 (4.3) *

	
19.8 (3.6) *




	
Weight (kg)

	
70.8 (6.7)

	
72.6 (7.3)

	
71.3 (6.8)

	
59.0 (7.8)

	
63.5 (4.8)

	
60.1 (7.4)

	
66.6 (9.0) *

	
70.0 (7.8) *

	
67.6 (8.8) *




	
Height (cm)

	
181.3 (6.2)

	
181.7 (6.9)

	
181.5 (6.5)

	
165.4 (5.7)

	
165.4 (5.9)

	
165.4 (5.8)

	
173.4 (7.9) *

	
173.6 (8.1) *

	
173.5 (8.0) *








W: summer measurement; C: winter measurement; T: total. Variables are expressed as mean (SD). * p < 0.05 males vs. females. † p < 0.05 warm vs. cool.













 





Table 2. Weather conditions during the three training sessions of testing.
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U23-21

	
U19-17

	
Female




	

	
C

	
W

	
C

	
W

	
C

	
W






	
Initial temperature (°C)

	
6

	
26

	
12

	
23

	
13

	
23




	
Final temperature (°C)

	
10

	
29

	
15

	
29

	
18

	
27




	
Initial relative humidity (%)

	
36

	
77

	
88

	
44

	
82

	
49




	
Final relative humidity (%)

	
28

	
59

	
72

	
35

	
51

	
37




	
Initial wind speed (km·h−1)

	
12

	
6

	
14

	
11

	
11

	
16




	
Final wind speed (km·h−1)

	
6

	
12

	
12

	
22

	
4

	
11








W: summer measurement; C: winter measurement.













 





Table 3. Hydration and fluid balance values of the sample, as a function of gender.
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Female

	
U23-21




	

	
W

	
C

	
T

	
W

	
C

	
T






	
RM sample




	
n

	

	

	
11

	

	

	
10




	
Weight loss:

	

	

	

	

	

	




	
kg

	
0.40 (0.52)

	
0.31 (0.39)

	
-

	
0.87 (0.59) *

	
0.42 (0.45)

	
-




	
%

	
0.61 (0.80)

	
0.48 (0.59)

	
-

	
1.17 (0.82)

	
0.53 (0.58)

	
-




	
Fluid intake (L)

	
1.32 (0.57)

	
1.10 (0.40)

	
-

	
1.97 (0.88) *†

	
0.83 (0.44)

	
-




	
Urine output (L)

	
0.27 (0.17)

	
0.15 (0.11)

	
-

	
0.15 (0.08)

	
0.14 (0.08)

	
-




	
SR:

	

	

	

	

	

	




	
L/h

	
0.72 (0.17) †

	
0.63 (0.14)

	
-

	
1.34 (0.46) *†

	
0.55 (0.16)

	
-




	
mL/min

	
12.05 (2.81) †

	
10.46 (2.37)

	
-

	
22.38 (7.67) *†

	
9.24 (2.75)

	
-




	
USG

	
1.02 (0.01) †

	
1.02 (0.01)

	
-

	
1.03 (0.01) *†

	
1.03 (0.00) *

	
-




	
n-RM sample




	
n

	
22

	
7

	
29

	
19

	
12

	
31




	
Weight loss:

	

	

	

	

	

	




	
kg

	
0.38 (0.43)

	
0.29 (0.39)

	
0.35 (0.41)

	
0.96 (0.63)

	
0.52 (0.40)

	
0.79 (0.59) †




	
%

	
0.63 (0.69)

	
0.48 (0.66)

	
0.60 (0.67)

	
1.27 (0.8)

	
0.69 (0.49)

	
1.05 (0.76) †




	
Fluid intake (L)

	
1.20 (0.47)

	
0.92 (0.54)

	
1.13 (0.49)

	
2.12 (0.73)

	
0.91 (0.39)

	
1.65 (0.86) †




	
Urine output (L)

	
0.23 (0.16)

	
0.11 (0.05)

	
0.20 (0.15)

	
0.16 (0.08)

	
0.19 (0.12)

	
0.17 (0.09)




	
SR:

	

	

	

	

	

	




	
L/h

	
0.68 (0.16)

	
0.55 (0.10)

	
0.65 (0.16) †

	
1.46 (0.40)

	
0.62 (0.21)

	
1.14 (0.54) †




	
mL/min

	
11.28 (2.65)

	
9.12 (1.69)

	
10.77 (2.60) †

	
24.39 (6.73)

	
10.27 (3.49)

	
18.9 2 (8.97) †




	
USG

	
1.02 (0.01)

	
1.02 (0.00)

	
1.02 (0.01)

	
1.02 (0.01)

	
1.02 (0.01)

	
1.02 (0.01)








W: summer measurement; C: winter measurement; SR: sweat rate; T: total; USG: urine specific gravity; variables are expressed as mean (SD). * p < 0.05 males vs. females. † p < 0.05 warm vs. cool.













 





Table 4. Hydration values and fluid balance of the sample, as a function of male competitive level.
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U19-17

	
U23-21




	

	
W

	
C

	
T

	
W

	
C

	
T






	
RM sample




	
n

	

	

	
6

	

	

	
10




	
Weight loss:

	

	

	

	

	

	




	
kg

	
0.82 (0.62) †

	
0.27 (0.21)

	
-

	
0.87 (0.59)

	
0.42 (0.45)

	
-




	
%

	
1.15 (0.86) †

	
0.37 (0.27)

	
-

	
1.17 (0.82)

	
0.53 (0.58)

	
-




	
Fluid intake (L)

	
1.72 (0.28) †

	
0.88 (0.14)

	
-

	
1.97 (0.88) †

	
0.83 (0.44)

	
-




	
Urine output (L)

	
0.18 (0.08)

	
0.14 (0.04)

	
-

	
0.15 (0.08)

	
0.14 (0.08)

	
-




	
SR:

	

	

	

	

	

	




	
L/h

	
1.18 (0.31) †

	
0.51 (0.05)

	
-

	
1.34 (0.46) †

	
0.55 (0.16)

	
-




	
mL/min

	
19.69 (19.41) †

	
8.45 (0.88)

	
-

	
22.38 (7.67) †

	
9.24 (2.75)

	
-




	
USG

	
1.03 (0.00)

	
1.03 (0.01)

	
-

	
1.03 (0.01)

	
1.03 (0.00)

	
-




	
n-RM sample




	
n

	
21

	
6

	
27

	
19

	
12

	
31




	
Weight loss:

	

	

	

	

	

	




	
kg

	
0.58 (0.53)

	
0.19 (0.66)

	
0.50 (0.57)

	
0.96 (0.63)

	
0.52 (0.40)

	
0.79 (0.59) †




	
%

	
0.87 (0.78)

	
1.12 (0.83)

	
0.74 (0.81)

	
1.27 (0.8)

	
0.69 (0.49)

	
1.05 (0.76) †




	
Fluid intake (l)

	
1.76 (0.37)

	
1.08 (0.68)

	
1.61 (0.53) †

	
2.12 (0.73)

	
0.91 (0.39)

	
1.65 (0.86) †




	
Urine output (l)

	
0.15 (0.09)

	
0.15 (0.09)

	
0.15 (0.09)

	
0.16 (0.08)

	
0.19 (0.12)

	
0.17 (0.09)




	
SR:

	

	

	

	

	

	




	
L/h

	
1.09 (0.25)

	
0.56 (0.21)

	
0.98 (0.33) †

	
1.46 (0.40)

	
0.62 (0.21)

	
1.14 (0.54) †




	
mL/min

	
18.24 (4.19)

	
9.38 (3.45)

	
16.27 (5.47) †

	
24.39 (6.73)

	
10.27 (3.49)

	
18.9 2 (8.97) †




	
USG

	
1.02 (0.01)

	
1.03 (0.00)

	
1.03 (0.00) †

	
1.02 (0.01)

	
1.02 (0.01)

	
1.02 (0.01)








W: summer measurement; C: winter measurement; SR: sweat rate; T: total; USG: urine specific gravity; variables are expressed as mean (SD). † p<0.05 warm vs. cool.













 





Table 5. Hydration status as a function of sex.






Table 5. Hydration status as a function of sex.





	

	
Female

	
U23-21




	
CO

	
USG

	
CO

	
USG






	
RM sample. (n (%))




	
n

	
11

	
10




	
H:

	
W

	
3 (27.3)

	
6 (54.5)

	
0 (0.0)

	
2 (20.0)




	

	
C

	
0 (0.0)

	
5 (45.5)

	
0 (0.0)

	
1 (10.0)




	
DH:

	
W

	
5 (45.5)

	
2 (18.2)

	
9 (90.0)

	
3 (30.0)




	

	
C

	
11 (100.0)

	
1 (9.1)

	
10 (100.0)

	
2 (20.0)




	
SDH:

	
W

	
3 (27.3)

	
3 (27.3)

	
1 (10.0)

	
5 (50.0)




	

	
C

	
0 (0.0)

	
5 (45.5)

	
0 (0.0)

	
7 (70.0)




	
n-RM sample. (n (%))




	
n

	
29

	
31




	
H:

	
W

	
5 (22.7)

	
9 (40.1)

	
1 (5.3)

	
4 (21.1)




	

	
C

	
0 (0.0)

	
2 (28.6)

	
0 (0.0)

	
4 (33.3)




	
DH:

	
W

	
11 (50.0)

	
7 (31.8)

	
17 (84.5)

	
5 (26.3)




	

	
C

	
7 (100.0)

	
2 (28.6)

	
12 (100.0)

	
2 (16.7)




	
SDH:

	
W

	
6 (27.3)

	
6 (27.3)

	
1 (5.3)

	
10 (52.6)




	

	
C

	
0 (0.0)

	
3 (42.9)

	
0 (0.0)

	
6 (50.0)








W: summer measurement; C: winter measurement; CO: urine color; DH: dehydrat