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INTRODUCTION

Tennis is an intermittent and multifactorial sport that 
requires a combination of specific physical abilities such as 
agility, speed, power, muscular and aerobic endurance, as 
well as mental abilities of anticipation, reaction, and decision-
making (Hornery et al., 2007). It is a very popular sport played 
on all continents and especially in areas of the globe in which 
ambient temperatures can be hot and exceed 28°C during the 
day, whether year-round or during summer periods such as 
summer, such as in countries or areas with a tropical climate 
(i.e., Brazil, Colombia, Congo, Vietnam, Caribbean), equatorial 
(i.e., Guyana, Gulf of Guinea, Central Africa, certain islands in 
the ocean Pacific, Indian Ocean and Southeast Asia), arid (i.e., 
North Africa, Middle East, Australia, deserts of India, United 
States) Mediterranean (around the Mediterranean, California, 
central Chile, Cape region of South Africa), temperate 
(Western Europe, part of the United States, or South America) 
or continental (part of North America, Eastern and Central 
Europe). Indeed, Misailidi et al. (2021) recently reported that 
30% of ITF junior tournaments in the last ten years were held 
in hot, very hot or extremely hot conditions (i.e., 25°C-36°C 
wet bulb globe temperature: WBGT). Guadeloupe is a good 
example of a tropical environment, in which the ITF junior 
tournament in Saint-François takes place, which is in the 
Caribbean and has a relatively constant average temperature 
of 26°C with maximums of 34°C and a relative humidity 
around 80% (Hue et al., 2019). Playing tennis under such 
conditions involves managing the player's hydration status 
and drink intake (Fleming et al., 2018) given the combined 
effects of practice and heat stress that we will, now, approach.
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EFFECT OF THE COMBINATION OF EXERCISE AND HEAT

The performance of a sports activity such as tennis generates 
the production of metabolic heat mainly resulting from 
the contractions of the muscles which are active during the 
exercise. In a neutral environment (less than 24° Celsius with 
a relative humidity of about 30%), this so-called compensable 
heat will mainly be evacuated by cardiovascular and 
ventilatory adaptations (i.e., increase in heart rate, respiratory 
rate, and blood flow towards the skin) and by the evaporation 
of sweat (i.e., perspiration) at the skin level (Tyler et al., 2016). 
To a lesser extent, the heat may be evacuated by evaporation 
from breathing, by convection linked to exchanges between 
the outside air and the skin (especially when the player is 
moving) as well as conduction between the latter and clothing 
fabrics (see figure 1). This will result in a rise in the players' 
core temperature, which will stabilize at around 38.5°C 
(Martin et al., 2018).

However, when the humidity in the air and/or the 
environmental heat increase, the core temperature of the 
players will also experience an increase which can sometimes 
go beyond 39.5°C (Bergeron et al., 2007). This increase in core 
temperature is caused by an exceedance of evapotranspiration 
capacities, as observed in tropical climates (about 31° Celsius 
and 75% relative humidity; for a review see Hue, 2011), the 
evaporation of the sweat is no longer sufficient to evacuate 
the heat which will be qualified as non-compensable. In 
addition, in sunny conditions, the body could experience 
additional heat gain caused by solar radiation (Bergeron et al., 
1995), which could be accentuated by wearing dark clothing.
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Figure 1. Mechanisms of heat removal in tennis players

Physiological dysfunctions (i.e., very high heart rate and core 
temperature), linked to difficulties in dissipating heat, can 
reduce sports performance (Hue, 2011; Périard & Bergeron, 
2014), promote dehydration in tennis players (Kovacs, 
2006) and are also likely to threaten the health of athletes in 
training or during competitions (Bergeron et al., 2014; Léon 
& Bouchama, 2015). In addition, it is important to note that 
playing in hot conditions can also generate psychological 
and cognitive constraints (i.e., increase in negative effects, 
limitation of attentional resources) which can promote the 
early onset of fatigue, amplify perceived effort, increase 
discomfort, and lower the motivation of athletes (Périard et 
al., 2014; Robin et al., in press). To limit the deleterious effects 
of heat, tennis players can use different cooling strategies: 
internal cooling (i.e., ingestion of cold drinks or crushed ice) 
and external (i.e., ice packs, cold towel, spray cold water) or 
acclimatization (Robin et al., 2021) and must ensure that they 
maintain a good state of hydration and limit dehydration by 
using appropriate exercise and recovery drinks.

IMPORTANCE OF PRE-EXERCISE HYDRATION STATUS

Body temperature regulation, cardiovascular stress, and heat 
tolerance during exercise in a humid and/or hot environment 
are modulated by the hydration status of tennis players 
(Périard et al., 2021; Robin et al., in press). Hydration, 
which must be adapted to carrying out intense physical 
activity and to the environment, is one of the performance 
factors that should not be overlooked (Guezennec, 2011). 
It is recommended to drink ad libitum (i.e., to satiety), to be 
“euhydrated” at the start of practice, and therefore to avoid 
being dehydrated by being thirsty before playing (Périard et 
al., 2014). The colour of urine, which should be quite clear, 
can be used as an indicator of the hydration status of athletes 
(Teodor, 2017). The "pre-exercise" drink that we recommend 
players consume is water, especially if they have had a meal 
sufficiently rich in carbohydrates (e.g., pasta, rice) and protein, 
at least 3 hours before the start of the practice (Martin, 2018).

It is important to note that tennis players should avoid 
overhydration, i.e., drinking too much, before playing. Indeed, 
hyperhydration does not improve thermoregulation or sports 
performance (Chabert et al., 2019) and can lead to feelings of 
heaviness, bloating, nausea, or force players to go to the toilet. 
It will also be suggested to avoid drinks that contain taurine, 
caffeine, or alcohol because these can accelerate the loss of 
fluid or to drink too sweet drinks (very rich in carbohydrates) 
which can cause reactive hyperglycaemia and induce 
hypoglycaemia at the start of practice. The recommendations 
will be to ingest around 6 ml of drink per kg of body mass 
(Martin, 2018) around 2 hours before the practice (see table 1).

Table 1
Recommendation concerning the ingestion of drink, before the effort, 
according to the body weight of the players, centilitre (cL).

Body 
mass

40kg 50kg 60kg 70kg 80kg 90kg 100kg 110kg

Beverage 
volume

24 cL 30 cL 36 cL 42 cL 48 cL 54 cL 60 cL 66 cL

NEED TO STAY WELL HYDRATED DURING EXERCISE

When playing tennis in a hot environment, the increase in 
perspiration caused by the physiological mechanisms of 
thermoregulation can induce bodily dehydration which will 
increase with the waning of physical practice (Baker, 2007), 
if it is not compensated by fluid ingestion. For example, it has 
been shown that tennis players can lose up to more than 3 
litres of body fluid per hour of tennis practice, especially in 
hot conditions (Guezennec, 2011; Martin, 2018). However, 
the feeling of thirst is not a good indicator of hydration status, 
players are at risk of drinking too little and will not be able 
to compensate for body fluid losses caused by exercise and 
heat. Indeed, even if athletes ingest drinks as soon as they 
feel the urge to drink (during breaks or changing sides in 
competition), dehydration can still occur and will worsen as 
the training or match times increase (Garth & Burke, 2013). 
However, excessive dehydration (beyond 2% loss of body 
weight) can cause, in addition to reduced performance, 
cramps, discomfort, exercise hyperthermia (i.e., heat stroke) 
or even worse cause death (Bergeron, 2013). Therefore, we 
urge athletes to exercise the utmost caution and advise them 
to test and integrate fluid management (i.e., composition, 
volume, frequency of drink ingestion) into their training and 
performance routines, to compensate for losses of fluids, 
electrolytes such as sodium or carbohydrates.

For efforts lasting approximately one hour, several authors 
indicate that water may be sufficient (i.e., Bergeron, 2022; 
Teodor, 2017). However, the decrease in sodium in the blood 
plasma, caused by sweating, is an important factor in fatigue 
and reduced performance (Vrijens et al., 1999), which is why it 
is necessary to provide a moderate intake of sodium (between 
500 mg and 1 g per litre, which corresponds approximately 
to 1 to 2 pinches of cooking salt) in the drink for efforts of 
more than one hour. Similarly, carbohydrate supplementation 
(about 20 g per litre, which corresponds to 4 teaspoons or 
4 sugar cubes) will be recommended to meet the body's 
needs when playing in hot conditions (see Guezennec, 2011 
for specific recommendations depending on the outside 
temperature). In addition, the use of flavoured drinks may 
increase the volume of drinks spontaneously ingested. Finally, 
it is important to remember that substances such as vitamins, 
caffeine, arginine, or taurine are not part of the European 
recommendations concerning the composition of exercise 
drinks in sport.



December 2022, 30th Year, Issue 88 47

International Tennis FederationCoaching & Sport Science Review

During tennis practices of more than 1 hour, carried out in 
hot conditions, it is recommended to have exercise drinks 
containing carbohydrates and electrolytes (mainly sodium), 
which make it possible to increase the ingestion of liquid, 
delay the onset of fatigue and slow down the increase in core 
temperature, thus limiting the impact of heat stress (Bergeron 

but also potassium (Kovacs, 2008). We also recommend 
favouring cold and flavoured drinks (i.e., using syrups of 
different flavours) according to the tastes of each athlete to 
promote ad libitum liquid absorption after exercise. A small 
quantity of solid and easily digestible food can be consumed 
at the same time as the ingestion of drinks.

If sweat losses in the previous match are excessive (significant 
difference between player's pre- and post-match weight), 
or if athletes have heat-related muscle cramps, it may be 
appropriate to add a little more salt to the drinks and food 
ingested to start the next match by being "euhydrated" and 
to prevent or limit the appearance of cramps. Regarding 
carbohydrate intake (i.e., carbohydrates) it will be 
recommended to consume 1.5 g per kg of body mass, which 
represents 60 g when you weigh 40 kg, 90 g for 60 kg, 120 g 
for 80 kg and 150 g per 100 kg of body mass to be ingested 
in solid and/or liquid form in the first hour after exercise 
(Kovacs, 2006).

CONCLUSION

Before starting training or a tennis match in humid and/or 
hot conditions, we recommend that players drink regularly 
as soon as they feel like it, and above all not to start playing 
while being dehydrated. During practice, it is suggested to 
regularly drink about 30 centilitres (cL) of water every 10-15 
minutes for the first hour and then to use a drink containing 
carbohydrates and sodium when the effort lasts longer. This 
drink can be easily made or purchased commercially. Finally, it 
will be important for the player to rehydrate after exercise, to 
restore losses of body fluids and electrolytes. This rehydration 
must be done by means of drinks containing carbohydrates, 
sodium, and potassium and which can be supplemented with 
a balanced meal or a snack containing proteins.

CONFLICT OF INTEREST AND FUNDING

The authors declare that they have no conflict of interest 
and that they have not received any funding to conduct this 
research.

REFERENCES

Baker, L., Conroy, E., & Kenney, W. (2007). Dehydration impairs vigilance 
related attention in male basketball players. Medicine and Science 
in Sports and Exercise, 39(6), 976–983. https://doi.org/10.1097/
mss.0b013e3180471ff2  

Bergeron, M. F. (2022). Nutrition : Playing tennis in the heat : How to manage 
water and electrolyte losses. USTA.  http://www.playerdevelopment.usta.
com/Improve-Your-Game/Sport-Science/114718_Nutrition_Playing_
Tennis_in_the_Heat__How_to_Manage_Water_and_Electrolyte_Losses/ 

Bergeron, M. F. (2014). Hydration and thermal strain during tennis in the 
heat. British journal of sports medicine, 48 Suppl 1(Suppl 1), i12–i17. 
https://doi.org/10.1136/bjsports-2013-093256 

Bergeron, M. F. (2013). Reducing sports heat illness risk. Pediatrics in 
review, 34(6), 270–279. https://doi.org/10.1542/pir.34-6-270 

Bergeron, M. F. (2003). Heat cramps: fluid and electrolyte challenges during 
tennis in the heat. Journal of science and medicine in sport, 6(1), 19–27. 
https://doi.org/10.1016/s1440-2440(03)80005-1 

Bergeron, M. F., Armstrong, L. E., & Maresh, C. M. (1995). Fluid and electrolyte 
losses during tennis in the heat. Clinics in sports medicine, 14(1), 23–32. 

Bergeron, M. F., McLeod, K. S., & Coyle, J. F. (2007). Core body temperature during 
competition in the heat: National Boys' 14s Junior Championships. British 
journal of sports medicine, 41(11), 779–783. https://doi.org/10.1136/
bjsm.2007.036905 

 Bergeron, M. F., Waller, J. L., & Marinik, E. L. (2006). Voluntary fluid intake and 
core temperature responses in adolescent tennis players: sports beverage 
versus water. British journal of sports medicine, 40(5), 406–410. https://
doi.org/10.1136/bjsm.2005.023333 

Chabert, C., Hermand, E., & Hue, O. (2019). Triathlon and ultra-endurance 
events in tropical environments. In J. Périard and S. Racinais (Ed.), Heat 
Stress in Sport and Exercise. Springer : Cham. 

et al., 2006). Players have the option of composing their drinks 
themselves (see figure 2).

It is generally suggested to ingest at least 30 cl of drink 
(Martin, 2018) during side changes, which generally take place 
every 10-15 minutes in matches. However, these suggestions 
can be adapted and personalized according to the sweating 
rate specific to each player (which can range from less than 
1 litre per hour for those with "low" sweating to more than 3 
litres per hour for athletes with a profuse sweating) and their 
gastric emptying (between 1 litre and 1.6 litres per hour). 
To allow players to drink the sufficient and recommended 
amount of liquid, we suggest making marks on the 1.5-liter 
bottle for example (see figure 2).

In addition, the temperature of the ingested liquids must be 
considered. Indeed, although frozen drinks could be used as 
an “internal cooling strategy” as reported in the literature 
(i.e., Douzi et al., 2020), these can have undesirable effects 
such as causing discomfort when ingestion, cause headaches 
(i.e., cold-related migraine) or even have a braking effect 
on thermoregulation processes by acting on deep thermal 
receptors (Guézennec, 2011). Therefore, we recommend the 
use of cold drinks at temperatures between 10°C and 15°C, 
stored in coolers or thermos flasks, which while promoting 
central cooling will be more easily consumed by players.

DO NOT NEGLECT POST-EXERCISE REHYDRATION

Immediately after exercise, the priority is to replace lost fluids, 
electrolytes, and carbohydrates (Bergeron et al., 1995). This 
can be done with water and a balanced meal rich in proteins, 
carbohydrates and salt which will replace the loss of sodium 
caused by sweating, stimulate the absorption of glucose, 
and promote the retention of absorbed fluids. According to 
Guezennec (2011), the optimum volume of drink is 1.5 litres 
for each kilogram of body weight lost during exercise.

However, when players must play very close matches one after 
the other, it is advisable that rehydration be done with a drink 
containing carbohydrates and electrolytes including sodium 

Figure 2. Drink preparation options.

https://doi.org/10.1097/mss.0b013e3180471ff2  
https://doi.org/10.1097/mss.0b013e3180471ff2  
http://www.playerdevelopment.usta.com/Improve-Your-Game/Sport-Science/114718_Nutrition_Playing_Tenni
http://www.playerdevelopment.usta.com/Improve-Your-Game/Sport-Science/114718_Nutrition_Playing_Tenni
http://www.playerdevelopment.usta.com/Improve-Your-Game/Sport-Science/114718_Nutrition_Playing_Tenni
https://doi.org/10.1136/bjsports-2013-093256  
https://doi.org/10.1542/pir.34-6-270 
https://doi.org/10.1016/s1440-2440(03)80005-1 
https://doi.org/10.1136/bjsm.2007.036905 
https://doi.org/10.1136/bjsm.2007.036905 
https://doi.org/10.1136/bjsm.2005.023333
https://doi.org/10.1136/bjsm.2005.023333


December 2022, 30th Year, Issue 88 48

International Tennis FederationCoaching & Sport Science Review

Douzi, W., Dupuy, O., Theurot, D., Smolander, J., & Dugué, B. (2020). Per- 
cooling (using cooling systems during physical exercise) enhances physical 
and cognitive performances in hot environments. A Narrative Review. 
International Journal of Environmental Research and Public Health, 17, 
1031. https://doi.org/10.3390/ijerph17031031 

Fleming, J. A., Naughton, R. J., & Harper, L. D. (2018). Investigating the nutritional 
and recovery habits of tennis players. Nutrients, 10(4), 443. https://doi.
org/10.3390/nu10040443 

Garth, A. K., & Burke, L. M. (2013). What do athletes drink during competitive 
sporting activities?. Sports medicine (Auckland, N.Z.), 43(7), 539–564. 
https://doi.org/10.1007/s40279-013-0028-y 

Guézennec, C. Y. (2011). Sport drinks: physiologic basis for their use and 
composition. Cahiers de nutrition et diététique, 46, S46-S53.  

Hornery, D. J., Farrow, D., Mujika, I., & Young, W. (2007). Fatigue in tennis: 
mechanisms of fatigue and effect on performance. Sports medicine 
(Auckland, N.Z.), 37(3), 199–212. https://doi.org/10.2165/00007256-
200737030-00002 

Hue, O., Chabert, C., Collado, A., & Hermand, E. (2019). Menthol as an Adjuvant 
to Help Athletes Cope With a Tropical Climate: Tracks From Heat 
Experiments With Special Focus on Guadeloupe Investigations. Frontiers 
in physiology, 10, 1360. https://doi.org/10.3389/fphys.2019.01360 

Hue, O. (2011). The challenge of performing aerobic exercise in tropical 
environments: Applied knowledge and perspectives. International 
Journal of Sports Physiology and Performance, 6(4), 443–454. https://doi.
org/10.1123/ijspp.6.4.443 

Kovacs, M. S. (2006) Hydration and temperature in tennis—a practical review. 
Journal of Sports Sciences and Medicine, 5, 1–9. 

Kovacs M. S. (2008). A review of fluid and hydration in competitive 
tennis. International journal of sports physiology and performance, 3(4), 
413–423. https://doi.org/10.1123/ijspp.3.4.413 

Leon, L. R., & Bouchama, A. (2015). Heat stroke. Comprehensive Physiology, 5(2), 
611–647. https://doi.org/10.1002/cphy.c140017 

Martin, C. (2018). Tennis : optimisation de la performance. Louvain-la-Neuve: 
De Boeck Supérieur.  

Misailidi, M., Mantzios, K., Papakonstantinou, C., Ioannou, L. G., & Flouris, 
A. D. (2021). Environmental and psychophysical heat stress in 
adolescent tennis athletes. International journal of sports physiology 
and performance, 16(12), 1895–1900. https://doi.org/10.1123/
ijspp.2020-0820 

Périard, J. D., & Bergeron, M. F. (2014). Competitive match-play tennis under 
heat stress: a challenge for all players. British journal of sports medicine, 48 
Suppl 1(Suppl 1), i1–i3. https://doi.org/10.1136/bjsports-2014-093496 

Périard, J. D., Eijsvogels, T., & Daanen, H. (2021). Exercise under heat stress: 
thermoregulation, hydration, performance implications, and mitigation 
strategies. Physiological reviews, 101(4), 1873–1979. https://doi.
org/10.1152/physrev.00038.2020 

Périard, J. D., Racinais, S., Knez, W. L., Herrera, C. P., Christian, R. J., & 
Girard, O. (2014). Coping with heat stress during match-play tennis: 
does an individualised hydration regimen enhance performance and 
recovery? British journal of sports medicine, 48 Suppl 1(Suppl 1), i64–i70. 
https://doi.org/10.1136/bjsports-2013-093242 

Robin, N., Hermand, E., Hatchi, V., & Hue, O. (in press). Stratégies de Gestion de 
la Chaleur et Performances Sportives de Haut Niveau : Eclairage Psycho-
Physiologique et Recommandations Appliquées. Science & Sports. 

Robin, N., Dominique, L., & Coudevylle, G. R. (2021). Playing tennis in hot 
environment: Applied strategies and new directions. ITF Coaching & Sport 
Science Review, 29(83), 10–12. https://doi.org/10.52383/itfcoaching.
v29i83.47 

Théodore, D. (2017). Hydratation in tennis performance – water, carbohydrate 
electrolyte sports drink ? Science, Movement and Health, 17(2), 511–516. 

Tyler, C. J., Reeve, T., Hodges, G. J., & Cheung, S. S. (2016). The Effects of heat 
adaptation on physiology, perception and exercise performance in the 
heat: A meta-analysis. Sports medicine (Auckland, N.Z.), 46(11), 1699–
1724. https://doi.org/10.1007/s40279-016-0538-5 

Vrijens, D. M., & Rehrer, N. J. (1999). Sodium free fluid ingestion decrease 
plasma sodium in the heat. Journal of Applied Physiology, 86, 1847–51.  

RECOMMENDED ITF TENNIS ACADEMY CONTENT (CLICK BELOW)

Copyright © 2022 Nicolas Robin, Robbin Carien, Laurent Dominique & Shelly Ruart 

This text is under a Creative Commons BY 4.0 license

You are free to Share - copy and redistribute the material in any medium or format – and Adapt the content - remix, 
transform, and build upon the material for any purpose, even commercially under the following terms:

Attribution: You must give appropriate credit, provide a link to the license, and indicate if changes were made. You 
may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

CC BY 4.0 license terms summary. CC BY 4.0 license terms

https://doi.org/10.3390/ijerph17031031 
https://doi.org/10.3390/nu10040443  
https://doi.org/10.3390/nu10040443  
https://doi.org/10.1007/s40279-013-0028-y  
https://doi.org/10.2165/00007256-200737030-00002 
https://doi.org/10.2165/00007256-200737030-00002 
https://doi.org/10.3389/fphys.2019.01360 
https://doi.org/10.1123/ijspp.6.4.443 
https://doi.org/10.1123/ijspp.6.4.443 
 https://doi.org/10.1123/ijspp.3.4.413 
 https://doi.org/10.1002/cphy.c140017 
https://doi.org/10.1123/ijspp.2020-0820 
https://doi.org/10.1123/ijspp.2020-0820 
https://doi.org/10.1136/bjsports-2014-093496 
https://doi.org/10.1152/physrev.00038.2020 
https://doi.org/10.1152/physrev.00038.2020 
https://doi.org/10.1136/bjsports-2013-093242 
https://doi.org/10.52383/itfcoaching.v29i83.47  
https://doi.org/10.52383/itfcoaching.v29i83.47  
https://doi.org/10.1007/s40279-016-0538-5 
https://www.itf-academy.com
http://www.itf-academy.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/legalcode

