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Despite a wealth of sport nutrition guidelines for adult athletes, there are currently no nutrition guidelines for youth winter sports athletes. Whilst it may be pragmatic to apply nutrition guidelines for adult athletes to youth winter sports athletes, it is inappropriate. Due to a paucity of research on youth athletes, it is impossible to provide evidence-based guidelines for this population, so careful extrapolation from the theoretical and practical considerations that apply to other athletic groups is necessary. Youth winter sport athletes undergo rapid biological growth and maturation which influences their nutritional requirements. A varied and balanced diet that ensures sufficient energy availability for optimal growth and maturation as well as sporting performance is the cornerstone of youth athlete nutrition and should also allow for youth athletes to meet their micronutrient requirements. In some cases, micronutrient status (e.g., vitamin D and iron) should be monitored and optimized if appropriate by a medical professional. Dietary supplement use is prevalent amongst youth athletes, however is often unnecessary. Education of youth athletes, their parents and coaches on best nutritional practices as well as the risks associated with dietary supplements is vital for their long-term athletic development. Further research in youth winter sports athletes across different stages of growth and maturation competing in a variety of sports is urgently required in order to inform nutritional guidelines for this population.
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INTRODUCTION

Despite a wealth of sport nutrition guidelines for adult athletes (e.g., Thomas et al., 2016), there are only a few review papers for winter sports athletes (e.g., Meyer et al., 2011) and even fewer original research papers on the nutrition needs or practices of youth winter sports athletes. Whilst it may be pragmatic to simply apply recommendations for adult athlete's to youth athletes, there are many reasons why this is inappropriate (see Hannon et al., 2020b for an overview). As a result of ongoing growth and maturation, youth athletes go through many anatomical and physiological changes that impose specific nutritional requirements during their second decade of life (Malina et al., 2004). Nutritional recommendations for youth athletes therefore should not only focus on sporting performance but first meet the requirements for optimal growth and development (Bergeron et al., 2015, Tercier et al., 2019).

Youth winter sports athletes have diverse physiological and metabolic capacities, their respective sporting demands, physiological and metabolic, differ greatly and they compete in a wide variety of conditions. The unique combination of maturity status (Lloyd et al., 2014), sport [e.g., ice hockey (Konarski et al., 2019), ski mountaineering (Praz et al., 2014) or curling (Ainsworth et al., 2000)] and environment [e.g., indoor or outdoor, often cold but sometimes hot, at low or high altitude (Ocobock, 2016)] poses key challenges for practitioners working with youth winter sports athletes. This narrative mini-review discusses some of these key considerations and challenges using the (limited) available literature, and provides some practical approaches with which they can be addressed (Table 1). The extant literature was searched using Scholar, PubMed, Web-of-Science, and Scopus from inception to December 2020 using database adapted search strings based on the key-words nutrition, energy expenditure, athletes, youth, winter, sport, and combinations thereof.


Table 1. Key messages, practical considerations and important education messages on energy, vitamin D, iron and hydration for the youth winter sport athlete.
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Key Physiological Changes in Youth Winter Sports Athletes That Influence Their Nutritional Needs

Youth winter sports athletes (15–18 years) cannot simply be considered “mini adult athletes” despite sometimes competing against adults. Except for the first year of life, adolescence (typically 10–19 years) is the period of greatest growth, maturation, and development across the lifespan (Malina et al., 2004). Growth describes an increase in size whereas maturation describes a more global aspect of physical and cognitive development. More specifically, maturation is the progress toward a biologically mature state, and the rate at which it proceeds is highly variable between different organ systems and tissues (Malina et al., 2004). For example, sexual maturation (the progress toward fully functional reproductive capability) differs from skeletal maturation (the progress toward the skeleton becoming fully ossified) and somatic maturation (the progress toward adult stature; Malina et al., 2004).

There is also a large inter-individual variation in biological age, which may vary (by up to 4 years) from chronological age–the time interval since birth (Lloyd et al., 2014, Malina et al., 2015). Key phases of growth and physical development (i.e., pre-, circa- and post-peak height velocity) lead to many changes such as increases in body mass, muscle mass and blood volume and accrual of bone mass and density all of which influence nutritional requirements (Unnithan and Goulopoulou, 2004). Anthropometric differences between male and female adolescents are the main driver of sex differences in the nutritional requirements of this population, with one exception being iron (see Iron section; Unnithan and Goulopoulou, 2004).

Several major factors must therefore be considered when working with youth athletes: (1) their current maturity status and rate of growth and maturation, (2) their current physiological, metabolic, and psychosocial capacities, and (3) their general life and sport demands (Bergeron et al., 2015, Hannon et al., 2020b). Understanding these factors and their inter-play is a crucial step to developing sport-specific nutritional guidelines (i.e., recommended macro- and micro-nutrient intake) for youth athletes (Bergeron et al., 2015). For example, growth and maturation increase the size of glycogen stores and the relative energy contribution from anaerobic metabolism during exercise, but decreases relative rates of exogenous carbohydrate substrate utilization during exercise (for reviews see Armstrong et al., 2015, Ratel and Blazevich, 2017). These factors may lead to an increased reliance on carbohydrate for energy supply in early compared with late adolescence during endurance (e.g., cross-country skiing), strength/power (e.g., luge), teamplay (e.g., ice hockey) or skill (e.g., curling) sports, but no data are currently available in youth athletes. Although, it is likely that macronutrient requirements will differ for individuals across growth and maturation as well as across different sports macronutrient recommendations are difficult to accurately prescribe without knowing the total daily energy requirements (Bergeron et al., 2015). Indeed, the main focus for practitioners working with youth winter sports athletes is to ensure the energy requirements for growth and maturation are met (Hannon et al., 2020b).



Energy

A youth winter sports athlete's energy intake is provided through the consumption of the macronutrients, carbohydrate, fat, and protein (see Hannon et al., 2020b and, Desbrow et al., 2014 for further information and a more detailed review on macronutrient requirements for youth athletes in general). The energy intake of each athlete is dictated by their total energy expenditure (TEE) which comprises of three components: (1) basal metabolism (the energy required to maintain homeostatic physiology at rest); (2) thermic effect of food (the energy costs of digestion, absorption, transport, metabolism and storage of energy from food and drink), and (3) energy expenditure from planned physical activity and non-exercise activity thermogenesis (Food Agriculture Organization of the United Nations, 2004). In growing youth athletes, a fourth factor should be added representing the energy stored in their increasing body mass (e.g., increased fat-free mass) even though this latter factor is small (<100 kcal) on a daily basis (Prentice et al., 1988, Torun, 2005). Progressive increases in fat free mass (FFM), the most metabolically active body compartment, lead to increases in basal energy expenditure. Recent data from academy footballers showed progressive increases in resting metabolic rate from under 12 years (mean ± SD; 1699 ± 195 kcal·day−1) to under 16 years (2042 ± 155 kcal·day−1) age-groups after which there was no further increase in resting metabolic rate (Hannon et al., 2020a). Comparable resting metabolic rate data are lacking in youth winter sports athletes at different stages of growth and maturation. Before giving specific macronutrient recommendations, it is first essential to understand the typical energy expenditures experienced by youth winter sport athletes.

In healthy physically active humans, exercise energy expenditure is the most variable contributor to TEE (Westerterp, 2013), and typically represents between 20 and 60% of TEE (Burke and Deakin, 2000). In athletes, especially endurance athletes, physical activity energy expenditure may become the greatest contributor to TEE (Torun, 2005, Silva et al., 2013). Exercise type, duration and intensity as well as an athlete's anthropometric profile will all influence exercise energy expenditure (and thus TEE). Indeed, there are large differences in the energy cost between different Olympic winter sports (Di Prampero et al., 1976, Tosi et al., 2010, Butte et al., 2018) due to differences in the physiological and metabolic demands of each specific sport (e.g., curling, figure skating, cross country skiing, ice hockey, ski mountaineering). Additionally, the different training loads of each sport change throughout adolescence (Balyi and Hamilton, 2004): for an example see the athlete career pathway by Swiss Olympic (https://www.swissolympic.ch/fr/federations/ftem-sport-athletenentwicklung.html). An overview of the typical training of three Swiss athletes at YOG in Lausanne 2020 is shown in Figure 1. Differences in their anthropometric profiles, and training and competition loads between these three athletes likely result in different total energy expenditures and thus energy requirements. Furthermore, training and competition loads may also vary across the annual training and competition cycle and between youth athletes of different ages competing in the same sport, which can lead to differences in total energy expenditure (Hannon et al., 2020c) and thus energy requirements. Across winter sports this results in a large inter-sport and inter-individual variability in total energy expenditure.
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FIGURE 1. Sex, age, anthropometric characteristics and typical training schedule of a curler, ski mountaineer, and ice hockey player competing in the Lausanne 2020 Youth Olympic Games. The differences in anthropometric profile and training and competition loads between athletes likely result in differences in total energy expenditure and thus energy requirements. Data were kindly provided by the athletes and their coaches via a personal communication to V. Gremeaux.


As an example, Ekelund et al. (2002) investigated the energy expenditure of youth speed-skaters (age range = 16–21 years) in pre-season and reported mean (±SD) daily total energy expenditure of 4037 ± 693 kcal·day−1 (~53 kcal·kg−1·day−1). Between athletes in this study (Ekelund et al., 2002) there was a difference of almost 3000 kcal in total daily energy expenditure, highlighting the need for an individual approach to energy requirements. No published data exist across different stages of growth and maturation in youth winter sports athletes using the gold standard doubly labeled water technique (Westerterp, 2017). Given the lack of direct measures of energy expenditure across different stages of maturation, precise nutritional guidelines (including macronutrient guidelines) for youth winter sports athletes is therefore difficult to formulate.

Whilst it is difficult to prescribe energy requirements for youth winter sports athletes at both the population and individual levels, it is advised that youth athletes have sufficient energy availability for growth. Energy availability is the amount of energy left for homeostatic physiological functions and growth once physical activity energy expenditure has been deducted from energy intake and is relative to FFM [energy availability = (energy intake–physical activity energy expenditure)/FFM]. Chronic low-energy availability (defined as <30 kcal·kg FFM−1·day−1 for adults) may lead to relative energy deficit in sport (RED-S), resulting in impaired growth and maturation of tissues and organs, reduced skeletal bone mineral accrual, increased risk of stress fractures, increased risk of osteoporosis later in life, delayed sexual maturation, disruption of reproductive function (i.e., menstrual dysfunction, low testosterone levels) and a less effective immune system (Loucks et al., 2011). Furthermore, low-energy availability can increase the risk of overreaching (Bellinger, 2020) and is associated with iron deficiency which may exacerbate some of the outcomes of low-energy availability such as sensation of fatigue (Sim et al., 2019). Not only is low-energy availability likely to have a negative effect on a youth athlete's sporting performance and development (Mountjoy et al., 2014, 2018a,b) it may also affect their long-term health. An energy availability of ≥45 kcal·kg FFM−1·day−1 is recommended for adult athletes to maintain normal physiological function (Loucks et al., 2011). Considering youth athletes have greater relative energy demands than adults, ≥45 kcal·kg FFM−1·day−1 is likely to be the minimum a youth athlete would require. Further research into energy availability especially in at-risk winter sport athletes (e.g., ski-jumpers) is required.

Winter sport training and competition often take place in cold environments and at moderate-to-high altitudes which have many physiological effects relevant to energy needs and intake (Meyer et al., 2011). During the Lausanne 2020 Youth Winter Olympic Games ambient temperatures and venue altitudes ranged from −10 to 14°C and from 400 to 2800 m, respectively. The primary mechanisms for altered energy needs and intake in the cold and at altitude include increases in energy expenditure and appetite suppression (Butterfield et al., 1992, Castellani et al., 2003, Matu et al., 2018). However, the relevance of these to the youth winter sports athlete remains unclear. For example, cold exposure time varies between events and is often counteracted by protective clothing and metabolic heat production during exercise (Bergeron et al., 2012). Furthermore, moderate altitude has been shown to increase resting metabolic rate in some (Woods et al., 2017b) but not all studies (Woods et al., 2017a). These points again highlight the potential value of obtaining accurate energy expenditure data in youth winter sports athletes at different stages of growth and maturation and across a variety of sports in order to formulate research-informed population specific nutritional guidelines. Nonetheless, it is difficult to prescribe energy intake on an individual level given there are many factors that influence a youth athlete's energy expenditure (and thus their energy requirements) including rate of growth, anthropometric profile and training and competition load. Indeed, there is a real risk of being too prescriptive regarding energy intake with youth athletes.

Total energy expenditure is a better starting point to prescribe dietary intake rather than diet macronutrient composition which is the basis of many sport nutrition recommendations (e.g., Desbrow et al., 2014). For example, in the study by Ekelund et al. (2002) the mean total energy expenditure of the youth ice-skaters (mean body mass = 75 kg) performing 1 h of training per day was 4000 kcal.day−1. Using the expert macronutrient recommendations by Desbrow et al. (2014) for adolescent athletes performing 1 h of training per day (3–5 g·kg−1·day−1 carbohydrate, 60 g carbohydrate per hour of exercise, 1.2–1.6 g·kg−1·day−1 protein and 20–35% energy intake from fat) the recommended energy intake value (3000 kcal) would underestimate the need for intake to cover actual energy expenditure and might lead to insufficient intake.

In summary, eating a varied and balanced diet that ensures sufficient energy availability for optimal growth and maturation as well as sporting performance is the cornerstone of youth athlete nutrition (Table 1). In addition, this should also allow for youth athletes to meet most of their micronutrient requirements, although some may require particular attention within this population.




MICRONUTRIENTS

Micronutrients are compounds that are required to maintain normal physiological function. They include minerals, vitamins, and several trace elements such as selenium. Although micronutrients do not directly supply energy for growth, maturation, and performance, they play essential roles in many metabolic pathways. There is currently no evidence to suggest that youth athletes have additional micronutrient requirements compared to their non-athletic peers. Four important principles should be taken into account. First, during growth and maturation there is increased need for some micronutrients; Second, micronutrient need does not linearly scale with increased physical activity energy expenditure; Third, increased physical activity expenditure is accompanied by increased nutritional intake and therefore also micronutrient intake (Heydenreich et al., 2017); And fourth, supplementation with micronutrients should be considered only when direct or indirect information points to a deficiency. Whilst it is essential that youth athletes consume adequate amounts of all micronutrients, there are certain vitamins and minerals that are of paramount importance such as calcium, vitamin D and iron.


Calcium

Calcium is a crucial micronutrient for youth athletes, given that ~26% of bone mineral content accrues during peak bone mineral content accrual velocity (~12.5 and ~14 years old in girls and boys, respectively) and ~95% of adult bone mineral content is achieved by the end of adolescence (Bailey et al., 1999). Thus, calcium requirements of adolescents are increased as a result of the higher accrual of bone mineral content and during peak bone mineral content velocity, skeletal calcium accretion is ~300mg per day (Abrams et al., 2004). A number of studies however have reported low calcium intakes in both male and female youth athletes from a range of sports, which are significantly below the recommended daily amounts (e.g., Martinez et al., 2011).

Calcium requirements of adolescents have been described in detail elsewhere (Weaver et al., 2016) and to the best of our knowledge there are no considerations specific to youth winter sports athletes concerning calcium intake. In addition to calcium, the interplay with other nutrients such as phosphorus, magnesium and vitamin D is also vitally important for the formation of the mineral skeleton. Youth athletes are unlikely to be deficient in phosphorous and magnesium (Unnithan and Goulopoulou, 2004), but recent evidence suggests that youth winter sports athletes may be at increased risk of vitamin D deficiency (Zurcher et al., 2018).



Vitamin D

Vitamin D (a prohormone) is a key regulator of calcium homeostasis, with sufficient levels required for calcium absorption (Holick, 2007). Therefore, sufficient vitamin D levels, along with calcium, is crucial to ensure maximal bone mineral accrual in youth winter sports athletes (Cashman et al., 2008). Vitamin D is primarily obtained through dermal synthesis upon exposure to ultraviolet-B (UVB) radiation. During winter months a lack of UVB radiation at high latitudes decreases vitamin D production in the skin (Holick, 2007). Vitamin D containing foods such as liver and eggs contain suboptimal quantities. Indeed, performing training in winter months and indoors (typical of youth winter sports athletes) increases a youth athlete's risk of vitamin D deficiency [serum 25(OH)D <30 nmol·L−1; Zurcher et al., 2018].

Vitamin D status (insufficient, deficient, sufficient or toxic; Ross et al., 2011) can be assessed using a simple blood test. If an athlete has serum vitamin D concentrations that are insufficient or deficient this can be corrected using supplemental vitamin D3. These decisions should be taken by a medical doctor and individualized to the athlete. Although a blanket approach to vitamin D3 supplementation is not advised, a common approach is to supplement athletes with during winter months even without testing vitamin D status (Owens et al., 2018).



Iron

Iron is a trace element involved in many biological processes such as oxygen transport and energy metabolism (Beard, 2001, Hinton, 2014), and also plays a crucial role in the cognitive development of adolescents (Sachdev et al., 2005, Rouault, 2013). The main source is represented by dietary iron, which is poorly absorbed (Beard and Tobin, 2000). During childhood and adolescence, iron requirements increase as a result of tissue growth (Unnithan and Goulopoulou, 2004). Menarche in young women results in increased iron loss through menstruation, increasing iron requirements further in this population (Sandstrom et al., 2012). Exercise can result in iron loss through hemolysis, as well as in urine, stool, and sweat (Peeling et al., 2008). Iron deficiency is highly prevalent amongst adolescent athletes (up to 50% in females; Sandstrom et al., 2012), with inadequate dietary iron intake (often concomitant with inadequate energy intake or a vegetarian diet) often the main cause of iron deficiency (Mattiello et al., 2020).

Symptoms such as fatigue sensation and decreased performance can be associated to iron deficiency with or without anemia (Peeling et al., 2007). Improving iron status in deficient individuals can improve exercise efficiency (Hinton and Sinclair, 2007, Dellavalle and Haas, 2014), fatigue (Pratt and Khan, 2016) and recent evidence suggests that extra iron intake may be necessary for optimal erythropoietic adaptation to altitude (Garvican-Lewis et al., 2018, Hall et al., 2019). Thus, testing of youth athletes who present symptoms associated with iron deficiency (e.g., during regular medical check-up) or who are training at altitude will inform appropriate treatment strategies.




DIETARY SUPPLEMENTS

As discussed, supplementation may be necessary to correct for a clinically defined deficiency (e.g., vitamin D or iron deficiencies) and deficiency is generally the only appropriate reason for supplement use in youth athletes. A varied diet that includes sufficient intake of all the essential nutrients should always be the focus. All essential nutrients can be obtained in sufficient quantities from the diet alone with the exception of vitamin D (see section Vitamin D) albeit others may be challenging to obtain in sufficient quantities in certain diets (e.g., iron and vitamin B12 in a vegetarian diet). Nonetheless, the use of dietary supplements such as whey protein, carnitine, branched-chain amino acids, etc. is high amongst youth athletes (Evans et al., 2012). Whilst some of these supplements may provide a performance enhancing effect to some athletes, they come with a risk to health and of an anti-doping rule violation because of the undeclared presence of forbidden compounds in some (Maughan et al., 2004, Maughan et al., 2018). Rather than an attitude focusing on short-term results “potentially” aided by a supplement, youth athletes, their coaches, and parents should have a long-term commitment to good food optimisation which alongside training will provide the foundation for their athletic achievement.



HYDRATION

Thermoregulation is a homeostatic process which regulates body temperature. Growth and maturation leads to decreases in an individual's surface-to-mass ratio and cutaneous blood flow, and increases sweating capacity (Falk and Dotan, 2011, Leites et al., 2016). Meaning, less mature adolescents rely more on radiative and conductive cooling rather than evaporative cooling (peripheral blood redistribution over sweating) to maintain thermal equilibrium (Falk and Dotan, 2011, Desbrow et al., 2014). Given the large inter-individual variability in fluid losses across adolescence, and that dehydration is a common challenge when working with young athletes (Arnaoutis et al., 2015) youth athletes should regularly monitor their fluid needs and consume as appropriate (see Table 1).

During exercise, thermoregulation prevents dangerous increases in core temperature. Exercising in hot and humid conditions (e.g., playing indoor ice-hockey) may be a risk for youth athletes as their core temperature seems to rise faster than adults under exercise or environmentally induced heat stress (Falk and Dotan, 2011). When training and competing in extreme conditions (i.e., either hot, humid or cold), youth athletes should take regular breaks and regularly consume cold and flavored fluids in hot conditions (Wilk and Bar-Or, 1996). Training in high altitude can further increase fluid loss at rest and during exercise through hypoxia-induced diuresis and hyperventilation increasing significantly water requirements at altitude to prevent dehydration (Butterfield et al., 1992). In addition, extremely high sweat rates and sodium losses have been reported for some sports such as ice hockey (~1.8 L·h−1) even though the training session was conducted in a cool environment (Palmer and Spriet, 2008, Gamble et al., 2019) highlighting again the effects of clothing on thermoregulation. Ice-hockey players are also at risk of dehydration due to repeated high-intensity efforts and limited fluid availability (Nuccio et al., 2017). It has been reported that junior ice hockey players did not drink enough fluid to prevent body mass losses of <2% during a game (Logan-Sprenger et al., 2011). Due to the large differences in sweat rates (and probably sweat composition) amongst youth athletes competing in different sports and in different environmental conditions, a blanket approach for hydration is unwise and individualized hydration strategies are advised (Table 1). It is recommended to monitor hydration status, to provide sufficient drinking opportunities to avoid dehydration and to rehydrate after exercise (e.g., at a rate of 1.5 L per kg body mass lost American College Of Sports et al., 2007).



EDUCATION

Any discussion of nutrition for youth winter sports athletes would be incomplete without mentioning education. Indeed, holistic education is central to practitioners working with youth athletes in their quest to “develop healthy, capable, and resilient young athletes” (Bergeron et al., 2015). Nutrition education should not only focus on increasing nutrition knowledge but also on improving nutrition related skills e.g., budgeting, shopping, food hygiene, preparation, and cooking. This can be delivered in a variety of different formats including on an individual one-to-one basis, group workshops or remotely via photographs, infographics, videos etc. (Table 1). Nutrition education should also be extended to parents/guardians of youth athletes given that they are likely to be involved in food selection/preparation etc. as well as in reinforcing educational messages. Being overly prescriptive is by all means to be avoided. Given the extra-ordinary well-orchestrated and generally precisely tuned spontaneous regulation of energy balance, given a reasonably mixed healthy diet, one should part from having faith in physiology and let sensation inform the athlete, all the while accompanying, observing and evaluating, and only if objectively necessary guide and correct in an evidence-based manner.



CONCLUSION

Youth winter sport athletes undergo rapid biological growth and maturation which influence their nutritional requirements. A sufficient energy intake is vital for optimal growth and development but also for sporting development. A varied and balanced diet (that ensures sufficient energy availability) should also allow for youth athletes to meet their micronutrient requirements. In some cases, vitamin D and iron should be monitored and supplemented (if appropriate) under the guidance of a medical professional. In addition to these specific nutritional needs, youth athletes, their parents, and coaches should be educated in sports nutrition. Adolescence is the “prime time” for qualified practitioners to provide athletes, parents, and coaches with information on research-informed nutritional practice. In any case, nutritional considerations for youth athletes should always put growth, maturation and sporting development first and performance second. Further research in youth winter sports athletes across different stages of growth and maturation competing in a variety of sports is now required in order to formulate research-informed nutritional guidelines for this population in keeping with this principle. Key research topics to be addressed include the energy, macro- and micronutrient requirements for youth athletes competing in different winter sports in addition to developing evidence informed educational strategies.



AUTHOR CONTRIBUTIONS

MPH and CD were invited to contribute to this special edition. MPH, JLF, VG and CD planned and drafted this manuscript. NP and BK provided critical revision of the manuscript. All authors approved the final version of this manuscript.



ACKNOWLEDGMENTS

First and foremost, we thank the youth athletes that provided their data for inclusion in this paper. We would also like to thank Drs. Boris Gojanovic and Stéphane Tercier for their contributions to the Nutrition for Youth Winter Sports Athletes Session at the Youth and Winter Sports Conference in Lausanne 2020, as well as Professor Ron Maughan and Dr. Raffaele Renella for their insightful discussions and comments about the manuscript. Finally, we thank Professors Grégoire Millet and Fabien Ohl for their invitation to contribute to this special collection.



REFERENCES

 Abrams, S. A., Griffin, I. J., Hicks, P. D., and Gunn, S. K. (2004). Pubertal girls only partially adapt to low dietary calcium intakes. J. Bone Miner. Res. 19, 759–763. doi: 10.1359/jbmr.040122

 Ainsworth, B. E., Haskell, W. L., Whitt, M. C., Irwin, M. L., Swartz, A. M., Strath, S. J., et al. (2000). Compendium of physical activities: an update of activity codes and MET intensities. Med. Sci. Sports Exerc. 32, S498–S504. doi: 10.1097/00005768-200009001-00009

 American College Of Sports, M., Sawka, M. N., Burke, L. M., Eichner, E. R., Maughan, R. J., and Montain, S. J.. (2007). American College of Sports Medicine position stand. Exercise and fluid replacement. Med. Sci. Sports Exerc. 39, 377–390. doi: 10.1016/S0162-0908(08)70206-X

 Armstrong, N., Barker, A. R., and Mcmanus, A. M. (2015). Muscle metabolism changes with age and maturation: how do they relate to youth sport performance? Br. J. Sports Med. 49, 860–864. doi: 10.1136/bjsports-2014-094491

 Arnaoutis, G., Kavouras, S. A., Angelopoulou, A., Skoulariki, C., Bismpikou, S., Mourtakos, S., et al. (2015). Fluid balance during training in elite young athletes of different sports. J. Strength Cond. Res. 29, 3447–3452. doi: 10.1519/JSC.0000000000000400

 Bailey, D. A., Mckay, H. A., Mirwald, R. L., Crocker, P. R., and Faulkner, R. A. (1999). A six-year longitudinal study of the relationship of physical activity to bone mineral accrual in growing children: the university of Saskatchewan bone mineral accrual study. J. Bone Miner. Res. 14, 1672–1679. doi: 10.1359/jbmr.1999.14.10.1672

 Balyi, I., and Hamilton, A. (2004). Long-Term Athlete Development: Trainability in Children and Adolescents. Windows of Opportunity. Optimal Trainability [Online]. Victoria, BC: National Coaching Institute British Columbia and Advanced Training and Performance Ltd. Available online at: https://www.semanticscholar.org/paper/LONG-TERM-ATHLETE-DEVELOPMENT%3A-TRAINABILITY-IN-AND-Balyi/e90b882eca9c8d954b15c83ed9d4d4b2415ccff7 (accessed August 20, 2020).

 Beard, J., and Tobin, B. (2000). Iron status and exercise. Am. J. Clin. Nutr. 72, 594S−5947S. doi: 10.1093/ajcn/72.2.594S

 Beard, J. L. (2001). Iron biology in immune function, muscle metabolism, and neuronal functioning. J. Nutr. 131, 568S−579S. discussion: 580S. doi: 10.1093/jn/131.2.568S

 Bellinger, P. (2020). Functional overreaching in endurance athletes: a necessity or cause for concern? Sports Med. 50, 1059–1073. doi: 10.1007/s40279-020-01269-w

 Bergeron, M. F., Bahr, R., Bartsch, P., Bourdon, L., Calbet, J. A., Carlsen, K. H., et al. (2012). International Olympic Committee consensus statement on thermoregulatory and altitude challenges for high-level athletes. Br. J. Sports Med. 46, 770–779. doi: 10.1136/bjsports-2012-091296

 Bergeron, M. F., Mountjoy, M., Armstrong, N., Chia, M., Cote, J., Emery, C. A., et al. (2015). International Olympic Committee consensus statement on youth athletic development. Br. J. Sports Med. 49, 843–851. doi: 10.1136/bjsports-2015-094962

 Burke, L., and Deakin, V. (2000). Clinical Sports Nutrition. Boston, MA: McGraw-Hill.

 Butte, N. F., Watson, K. B., Ridley, K., Zakeri, I. F., Mcmurray, R. G., Pfeiffer, K. A., et al. (2018). A youth compendium of physical activities: activity codes and metabolic intensities. Med. Sci. Sports Exerc. 50, 246–256. doi: 10.1249/MSS.0000000000001430

 Butterfield, G. E., Gates, J., Fleming, S., Brooks, G. A., Sutton, J. R., and Reeves, J. T. (1992). Increased energy intake minimizes weight loss in men at high altitude. J. Appl. Physiol. (1985) 72, 1741–1748. doi: 10.1152/jappl.1992.72.5.1741

 Cashman, K. D., Hill, T. R., Cotter, A. A., Boreham, C. A., Dubitzky, W., Murray, L., et al. (2008). Low vitamin D status adversely affects bone health parameters in adolescents. Am. J. Clin. Nutr. 87, 1039–1044. doi: 10.1093/ajcn/87.4.1039

 Castellani, J. W., Stulz, D. A., Degroot, D. W., Blanchard, L. A., Cadarette, B. S., Nindl, B. C., et al. (2003). Eighty-four hours of sustained operations alter thermoregulation during cold exposure. Med. Sci. Sports Exerc. 35, 175–181. doi: 10.1097/00005768-200301000-00026

 Dellavalle, D. M., and Haas, J. D. (2014). Iron supplementation improves energetic efficiency in iron-depleted female rowers. Med. Sci. Sports Exerc. 46, 1204–1215. doi: 10.1249/MSS.0000000000000208

 Desbrow, B., Mccormack, J., Burke, L. M., Cox, G. R., Fallon, K., Hislop, M., et al. (2014). Sports dietitians Australia position statement: sports nutrition for the adolescent athlete. Int. J. Sport Nutr. Exerc. Metab. 24, 570–584. doi: 10.1123/ijsnem.2014-0031

 Di Prampero, P. E., Cortili, G., Mognoni, P., and Saibene, F. (1976). Energy-cost of speed skating and efficiency of work against air resistance. J. Appl. Physiol. (1985) 40, 584–591. doi: 10.1152/jappl.1976.40.4.584

 Ekelund, U., Yngve, A., Westerterp, K., and Sjostrom, M. (2002). Energy expenditure assessed by heart rate and doubly labeled water in young athletes. Med. Sci. Sports Exerc. 34, 1360–1366. doi: 10.1097/00005768-200208000-00019

 Evans, M. W. Jr., Ndetan, H., Perko, M., Williams, R., and Walker, C. (2012). Dietary supplement use by children and adolescents in the United States to enhance sport performance: results of the National Health Interview Survey. J. Prim. Prev. 33, 3–12. doi: 10.1007/s10935-012-0261-4

 Falk, B., and Dotan, R. (2011). Temperature regulation and elite young athletes. Med. Sports Sci. 56, 126–149. doi: 10.1159/000320645

 Food and Agriculture Organization of the United Nations, United Nations University, and World Health Organization. (2004). Human Energy Requirements: Report of a Joint FAO/WHO/UNU Expert Consultation: Rome, 17–24 October 2001. Rome: Food and Agricultural Organization of the United Nations.

 Gamble, A. S., Bigg, J. L., Vermeulen, T. F., Boville, S. M., Eskedjian, G. S., Jannas-Vela, S., et al. (2019). Estimated sweat loss, fluid and CHO intake, and sodium balance of male major junior, AHL, and NHL players during On-Ice practices. Int. J. Sport Nutr. Exerc. Metab. 29, 1–25. doi: 10.1123/ijsnem.2019-0029

 Garvican-Lewis, L. A., Vuong, V. L., Govus, A. D., Peeling, P., Jung, G., Nemeth, E., et al. (2018). Intravenous iron does not augment the hemoglobin mass response to simulated hypoxia. Med. Sci. Sports Exerc. 50, 1669–1678. doi: 10.1249/MSS.0000000000001608

 Hall, R., Peeling, P., Nemeth, E., Bergland, D., Mccluskey, W. T. P., and Stellingwerff, T. (2019). Single versus split dose of iron optimizes hemoglobin mass gains at 2106 m altitude. Med. Sci. Sports Exerc. 51, 751–759. doi: 10.1249/MSS.0000000000001847

 Hannon, M. P., Carney, D. J., Floyd, S., Parker, L. J. F., Mckeown, J., Drust, B., et al. (2020a). Cross-sectional comparison of body composition and resting metabolic rate in Premier League academy soccer players: implications for growth and maturation. J. Sports Sci. 38, 1326–1334. doi: 10.1080/02640414.2020.1717286

 Hannon, M. P., Close, G. L., and Morton, J. P. (2020b). Energy and macronutrient considerations for young athletes. Strength Cond. J. 42, 109–119. doi: 10.1519/SSC.0000000000000570 [Epub ahead of print].

 Hannon, M. P., Parker, L. J. F., Carney, D. J., Mckeown, J., Speakman, J. R., Hambly, C., et al. (2020c). Energy requirements of male academy soccer players from the english premier league. Med. Sci. Sports Exerc. 53, 200–210. doi: 10.1249/MSS.0000000000002443

 Heydenreich, J., Melzer, K., Flury, C., and Kayser, B. (2017). Low energy turnover of physically inactive participants as a determinant of insufficient mineral and vitamin intake in NHANES. Nutrients 9:754. doi: 10.3390/nu9070754

 Hinton, P. S. (2014). Iron and the endurance athlete. Appl. Physiol. Nutr. Metab. 39, 1012–1018. doi: 10.1139/apnm-2014-0147

 Hinton, P. S., and Sinclair, L. M. (2007). Iron supplementation maintains ventilatory threshold and improves energetic efficiency in iron-deficient nonanemic athletes. Eur. J. Clin. Nutr. 61, 30–39. doi: 10.1038/sj.ejcn.1602479

 Holick, M. F. (2007). Vitamin D deficiency. N. Engl. J. Med. 357, 266–281. doi: 10.1056/NEJMra070553

 Konarski, J. M., Konarska, A., Strzelczyk, R., Skrzypczak, M., and Malina, R. M. (2019). Internal and external loads during hockey 5's competitions among U16 players. J. Strength Cond. Res. 1–8. doi: 10.1519/JSC.0000000000003251

 Leites, G. T., Cunha, G. S., Obeid, J., Wilk, B., Meyer, F., and Timmons, B. W. (2016). Thermoregulation in boys and men exercising at the same heat production per unit body mass. Eur. J. Appl. Physiol. 116, 1411–1419. doi: 10.1007/s00421-016-3400-4

 Lloyd, R. S., Oliver, J. L., Faigenbaum, A. D., Myer, G. D., and De Ste Croix, M. B. (2014). Chronological age vs. biological maturation: implications for exercise programming in youth. J. Strength Cond. Res. 28, 1454–1464. doi: 10.1519/JSC.0000000000000391

 Logan-Sprenger, H. M., Palmer, M. S., and Spriet, L. L. (2011). Estimated fluid and sodium balance and drink preferences in elite male junior players during an ice hockey game. Appl. Physiol. Nutr. Metab. 36, 145–152. doi: 10.1139/H10-098

 Loucks, A. B., Kiens, B., and Wright, H. H. (2011). Energy availability in athletes. J. Sports Sci. 29(Suppl. 1), S7–S15. doi: 10.1080/02640414.2011.588958

 Malina, R. M., Bouchard, C., and Bar-Or, O. (2004). Growth, Maturation, and Physical Activity, Champaign, IL: Human Kinetics.

 Malina, R. M., Rogol, A. D., Cumming, S. P., Coelho E Silva, M. J., and Figueiredo, A. J. (2015). Biological maturation of youth athletes: assessment and implications. Br. J. Sports Med. 49, 852–859. doi: 10.1136/bjsports-2015-094623

 Martinez, S., Pasquarelli, B. N., Romaguera, D., Arasa, C., Tauler, P., and Aguilo, A. (2011). Anthropometric characteristics and nutritional profile of young amateur swimmers. J. Strength Cond. Res. 25, 1126–1133. doi: 10.1519/JSC.0b013e3181d4d3df

 Mattiello, V., Schmugge, M., Hengartner, H., Von Der Weid, N., Renella, R., and Group, S. P. H. W. (2020). Diagnosis and management of iron deficiency in children with or without anemia: consensus recommendations of the SPOG Pediatric Hematology Working Group. Eur. J. Pediatr. 179, 527–545. doi: 10.1007/s00431-020-03597-5

 Matu, J., Gonzalez, J. T., Ispoglou, T., Duckworth, L., and Deighton, K. (2018). The effects of hypoxia on hunger perceptions, appetite-related hormone concentrations, and energy intake: a systematic review and meta-analysis. Appetite 125, 98–108. doi: 10.1016/j.appet.2018.01.015

 Maughan, R. J., Burke, L. M., Dvorak, J., Larson-Meyer, D. E., Peeling, P., Phillips, S. M., et al. (2018). IOC consensus statement: dietary supplements and the high-performance athlete. Int. J. Sport Nutr. Exerc. Metab. 28, 104–125. doi: 10.1123/ijsnem.2018-0020

 Maughan, R. J., King, D. S., and Lea, T. (2004). Dietary supplements. J. Sports Sci. 22, 95–113. doi: 10.1080/0264041031000140581

 Meyer, N. L., Manore, M. M., and Helle, C. (2011). Nutrition for winter sports. J. Sports Sci. 29(Suppl. 1), S127–S136. doi: 10.1080/02640414.2011.574721

 Mountjoy, M., Sundgot-Borgen, J., Burke, L., Carter, S., Constantini, N., Lebrun, C., et al. (2014). The IOC consensus statement: beyond the female athlete triad–Relative Energy Deficiency in Sport (RED-S). Br. J. Sports Med. 48, 491–497. doi: 10.1136/bjsports-2014-093502

 Mountjoy, M., Sundgot-Borgen, J. K., Burke, L. M., Ackerman, K. E., Blauwet, C., Constantini, N., et al. (2018b). IOC consensus statement on relative energy deficiency in sport (RED-S): 2018 update. Br. J. Sports Med. 52, 687–697. doi: 10.1136/bjsports-2018-099193

 Mountjoy, M. L., Burke, L. M., Stellingwerff, T., and Sundgot-Borgen, J. (2018a). Relative energy deficiency in sport: the tip of an iceberg. Int. J. Sport Nutr. Exerc. Metab. 28, 313–315. doi: 10.1123/ijsnem.2018-0149

 Nuccio, R. P., Barnes, K. A., Carter, J. M., and Baker, L. B. (2017). Fluid balance in team sport athletes and the effect of hypohydration on cognitive, technical, and physical performance. Sports Med. 47, 1951–1982. doi: 10.1007/s40279-017-0738-7

 Ocobock, C. (2016). Human energy expenditure, allocation, and interactions in natural temperate, hot, and cold environments. Am. J. Phys. Anthropol. 161, 667–675. doi: 10.1002/ajpa.23071

 Owens, D. J., Allison, R., and Close, G. L. (2018). Vitamin D and the athlete: current perspectives and new challenges. Sports Med. 48, 3–16. doi: 10.1007/s40279-017-0841-9

 Palmer, M. S., and Spriet, L. L. (2008). Sweat rate, salt loss, and fluid intake during an intense on-ice practice in elite Canadian male junior hockey players. Appl. Physiol. Nutr. Metab. 33, 263–271. doi: 10.1139/H08-011

 Peeling, P., Blee, T., Goodman, C., Dawson, B., Claydon, G., Beilby, J., et al. (2007). Effect of iron injections on aerobic-exercise performance of iron-depleted female athletes. Int. J. Sport Nutr. Exerc. Metab. 17, 221–231. doi: 10.1123/ijsnem.17.3.221

 Peeling, P., Dawson, B., Goodman, C., Landers, G., and Trinder, D. (2008). Athletic induced iron deficiency: new insights into the role of inflammation, cytokines, and hormones. Eur. J. Appl. Physiol. 103, 381–391. doi: 10.1007/s00421-008-0726-6

 Pratt, J. J., and Khan, K. S. (2016). Non-anaemic iron deficiency–a disease looking for recognition of diagnosis: a systematic review. Eur. J. Haematol. 96, 618–628. doi: 10.1111/ejh.12645

 Praz, C., Leger, B., and Kayser, B. (2014). Energy expenditure of extreme competitive mountaineering skiing. Eur. J. Appl. Physiol. 114, 2201–2211. doi: 10.1007/s00421-014-2939-1

 Prentice, A. M., Lucas, A., Vasquez-Velasquez, L., Davies, P. S., and Whitehead, R. G. (1988). Are current dietary guidelines for young children a prescription for overfeeding? Lancet 2, 1066–1069. doi: 10.1016/S0140-6736(88)90077-3

 Ratel, S., and Blazevich, A. J. (2017). Are prepubertal children metabolically comparable to well-trained adult endurance athletes? Sports Med. 47, 1477–1485. doi: 10.1007/s40279-016-0671-1

 Ross, A. C., Taylor, C. L., Yaktine, A. L., and Delvalle, H. B. (2011). Dietary Reference Intakes for Calcium and Vitamin D, Washington, DC: National Academies Press (US), 1–1115.

 Rouault, T. A. (2013). Iron metabolism in the CNS: implications for neurodegenerative diseases. Nat. Rev. Neurosci. 14, 551–564. doi: 10.1038/nrn3453

 Sachdev, H., Gera, T., and Nestel, P. (2005). Effect of iron supplementation on mental and motor development in children: systematic review of randomised controlled trials. Public Health Nutr. 8, 117–132. doi: 10.1079/PHN2004677

 Sandstrom, G., Borjesson, M., and Rodjer, S. (2012). Iron deficiency in adolescent female athletes–is iron status affected by regular sporting activity? Clin. J. Sport Med. 22, 495–500. doi: 10.1097/JSM.0b013e3182639522

 Silva, A. M., Santos, D. A., Matias, C. N., Minderico, C. S., Schoeller, D. A., and Sardinha, L. B. (2013). Total energy expenditure assessment in elite junior basketball players: a validation study using doubly labeled water. J. Strength Cond. Res. 27, 1920–1927. doi: 10.1519/JSC.0b013e31827361eb

 Sim, M., Garvican-Lewis, L. A., Cox, G. R., Govus, A., Mckay, A. K. A., Stellingwerff, T., et al. (2019). Iron considerations for the athlete: a narrative review. Eur. J. Appl. Physiol. 119, 1463–1478. doi: 10.1007/s00421-019-04157-y

 Tercier, S., Maeder, S., Marcacci, A., and Gojanovic, B. (2019). Health for Performance : un concept à ancrer dans le sport [Health for performance: a concept that must prevail in sports]. Rev. Med. Suisse 15, 1306–1309.

 Thomas, D. T., Erdman, K. A., and Burke, L. M. (2016). American College of Sports Medicine joint position statement. nutrition and athletic performance. Med Sci Sports Exerc, 48, 543–568. doi: 10.1249/MSS.0000000000000852

 Torun, B. (2005). Energy requirements of children and adolescents. Public Health Nutr. 8, 968–993. doi: 10.1079/PHN2005791

 Tosi, P., Leonardi, A., Zerbini, L., Rosponi, A., and Schena, F. (2010). Energy cost and efficiency of ski mountaineering. a laboratory study. J. Sports Med. Phys. Fitness 50, 400–406.

 Unnithan, V. B., and Goulopoulou, S. (2004). Nutrition for the pediatric athlete. Curr. Sports Med. Rep. 3, 206–211. doi: 10.1249/00149619-200408000-00006

 Weaver, C. M., Gordon, C. M., Janz, K. F., Kalkwarf, H. J., Lappe, J. M., Lewis, R., et al. (2016). The National Osteoporosis Foundation's position statement on peak bone mass development and lifestyle factors: a systematic review and implementation recommendations. Osteoporos Int. 27, 1281–1386. doi: 10.1007/s00198-015-3440-3

 Westerterp, K. R. (2013). Physical activity and physical activity induced energy expenditure in humans: measurement, determinants, and effects. Front. Physiol. 4:90. doi: 10.3389/fphys.2013.00090

 Westerterp, K. R. (2017). Doubly labelled water assessment of energy expenditure: principle, practice, and promise. Eur. J. Appl. Physiol. 117, 1277–1285. doi: 10.1007/s00421-017-3641-x

 Wilk, B., and Bar-Or, O. (1996). Effect of drink flavor and NaCL on voluntary drinking and hydration in boys exercising in the heat. J. Appl. Physiol. (1985), 80, 1112–1117. doi: 10.1152/jappl.1996.80.4.1112

 Woods, A. L., Garvican-Lewis, L. A., Rice, A., and Thompson, K. G. (2017a). 12 days of altitude exposure at 1800 m does not increase resting metabolic rate in elite rowers. Appl. Physiol. Nutr. Metab. 42, 672–676. doi: 10.1139/apnm-2016-0693

 Woods, A. L., Sharma, A. P., Garvican-Lewis, L. A., Saunders, P. U., Rice, A. J., and Thompson, K. G. (2017b). Four weeks of classical altitude training increases resting metabolic rate in highly trained middle-distance runners. Int. J. Sport Nutr. Exerc. Metab. 27, 83–90. doi: 10.1123/ijsnem.2016-0116

 Zurcher, S. J., Quadri, A., Huber, A., Thomas, L., Close, G. L., Brunner, S., et al. (2018). Predictive factors for vitamin D concentrations in Swiss athletes: a cross-sectional study. Sports Med. Int. Open 2, E148–E156. doi: 10.1055/a-0669-0791

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Hannon, Flueck, Gremeaux, Place, Kayser and Donnelly. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Key Nutritional Considerations for Youth Winter Sports Athletes to Optimize Growth, Maturation and Sporting Development



		Introduction



		Key Physiological Changes in Youth Winter Sports Athletes That Influence Their Nutritional Needs



		Energy







		Micronutrients



		Calcium



		Vitamin D



		Iron







		Dietary Supplements



		Hydration



		Education



		Conclusion



		Author Contributions



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Sports and Active Living

Key Nutritional Considerations for

Youth Winter Sports Athletes to

Optimize Growth, Maturation and
Sporting Development





OPS/images/fspor-03-599118-g001.gif
Aastyows)
St tcm)

Pursmsgeo prdicod
el

pev—
Tsiningvoame r perweek)

Ty a0d compesion
ety

curter

w

2 eodrrcanarinn
peee-arireriy

SKIMOUNTAINEER

0

s

0shcoroinng
o bia st orrring,

ICEHOCKEY PLAYER

s
s
o

n

P
13 competi ey





OPS/images/fspor-03-599118-t001.jpg
Energy

Vitamin D

Iron

Hydration

Importance for the youth winter sports athlete:
 Sufficient energy availability is essential for optimal growth, maturation, and sporting performance (>45 kcal~" - kg FFM~".day~" for adults).
Practical considerations and application:

« The energy requirements of youth winter sport athletes vary considerably. Consider each athlete’s anthropometric profil, rate of growth, NEAT, and
sporting demands (including training and competition load).

 Monitor rate of growth (stature and body mass) and maturation (maturiy offset, ie., time from PHV)-3-4 times per year.

« Bealert to any symptoms of low energy availabilty (RED-S) such as chronic fatigue sensation, low mood, reduced performance, poor
concentration, impaired immune system and in females, absence of menarche.

Education:

« Energy density and macro-/micronutrient content of different foods.

 Weighing out and visualizing a “typical day's food.”

« Importance of not missing meals and snacks.

« Planning nutition into their schedule (e.g., when traveling or at school).

Importance for the youth winter sports athlete:

« Winter sports athletes are at risk of vitamin D deficiency. This prohormone, alongside calcium, is required in suffcient quantiles for bone mineral
acerual to ensure optimal skeletal growth and development.

Practical considerations and application:

« Assess vitamin D status and supplement vitamin Ds accordingly. Vitamin D status can be obtained via a simple finger prick blood sample (and
appropriate analysis), or regular blood lab analysis.

« If unable to determine vitamin D status a safe dose (typically 800 IU per day—5600 IU per week) may be beneficial to prevent deficiency during
winter months.

« Consider ethnicity, habitual latitude, and frequency of skin exposure to sunlight.
Education:

« Difficult to be obtained in sufficient amounts through diet.

« Importance of (safe) sunlight exposure.

« Need for correcting a deficiency through safe sunlight exposure an/or supplementation.
Importance for the youth winter sports athlete:

« Iron is an important mineral for many biological processes. Iron requirements increase as a result of (tissue) growth and in females increase further
due to menarche.

Practical considerations and application:

« High prevalence of iron deficiency in youth athletes due to insufficient dietary iron intake.

« Iron requirements may be increased at altitude, which is relevant for altitude training camps.

« Non-haem iron (primarily from non-animal sources) has a low bicavailabilty making vegetarian/vegan athletes at greater risk of iron deficiency.
« Iron absorption is enhanced when consumed with vitamin G and is impaired when consumed alongside tea and coffee.

« In case of deficiency iron supplementation should be prescribed by a qualified clinical practitioner.

Education:

« Iron rich foods and their bioavailabilty.

 Food items and combinations that inhibit or favor iron uptake.

« Symptoms of iron deficiency (e.g., unexplained fatigue sensation, loss of concentration, diminished performance).

Importance for the youth winter sports athlete:

« There are differences in thermoregulation mechanisms between adult and youth athletes, and among adolescents depending on maturation state.

Furthermore, differences in environment, clothing, and metabolic demands between sports lead to differences in heat dissipation and subsequent
fluid requirements.

Practical considerations and application:
« Consider environment (i.e., temperature, humidity, and altitude) in addition to clothing.

« Appropriate fluid availabilty (whist considering environmental temperature) during training and competition, ensuring enough fluids are consumed to
prevent excessive dehydration (i.., >2% of body mass).

Add flavorings and use hot or cold drinks when appropriate to increase palatability and consumption.

Check urine color (aim for pale colored urine).

Check body weight pre- and post-training session/competition to assess fluid losses and determine optimal drinking strategy (including rehydration
at 1.5L flids per kg body mass lost).

Education:

* Urine color charts to illustrate hydration/dehydration.

« Individualized fluid loss assessment.

« Optimal drinking scheme for the specific sport.

NEAT, non-exercise activity thermogenesis; RED-S, relative energy deficiency in sport; PHV, peak height velocity. Please see main text for references.
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