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INTRODUCTION

DD
ehydration is a common process, evolving in
the course of training and match that affects
the functioning of the musculoskeletal, 

nervous, respiratory and cardiovascular systems [1, 2, 3, 4].

A limited number of studies highlights the negative
trends in some functional parameters of the respiratory
and cardiovascular systems with a direct impact on the
players' conditioning options [5-13]. This confirms the
importance of requiring players to start loads optimally
hydrated in order to be able to slow down and reduce the
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SUMMARY

Dehydration is a common process, evolving in the course of 
training and match that affects the functioning of the musculos-
keletal, nervous, respiratory and cardiovascular systems. In the
present study cardio-vascular and respiratory parameters in foot-
ball players in state of dehydration and optimal hydration were 
estimated. The study was carried out on 6 football players, aged
18-19 years during a 6-month period. A veloergometer and 
cardio-pulmonary exercise test was used. Data from our sample
tests highlight the negative trends in some functional parameters
of the respiratory and cardiovascular systems with a direct impact
on the players' conditioning options. Furthermore, the sudden
tests for hydration revealed that the Bulgarian elite football 
players is not optimally hydrated. The results of the study 
confirm the importance of requiring players to start loads 
optimally hydrated  in order to be able to slow down and reduce
the impact of the inevitable negative effects of dehydration during
the match. 
Abbreviations: Cardio-pulmonary exercise test (CPET), DH –
dehydration, H – optimal hydration, Heart rate (HR), oxygen
consumption (VO2), maximal oxygen consumption (VO2
max/kg)
Key  words: Dehydration, Oxygen consumption (VO2), Heart
rate (HR)

RÉSUMÉ

Modifications de certains paramètres cardiovasculaires et 
respiratoires chez les joueurs de football dans les conditions
de déshydratation et d'hydratation optimale

La déshydratation est un processus commun, évoluant au cours de
la formation et du jeu qui affecte le fonctionnement de l'appareil
locomoteur, nerveux, respiratoire et cardiovasculaire. Dans la
présente étude des paramètres cardio-vasculaires et respiratoires
chez les joueurs de football dans l'état de déshydratation et une
hydratation optimale ont été estimés. L'étude a été réalisée sur 6
joueurs de football, âgés de 18-19 ans au cours d'une période de 6
mois. Un vélo-ergomètre et un test d'effort cardio-pulmonaire a
été utilisé. Les données de nos tests d'échantillon mettent en évi-
dence les tendances négatives de certains paramètres fonctionnels
des systèmes respiratoire et cardiovasculaire avec un impact direct
sur les options de conditionnement des joueurs. En outre, les tests
soudains pour l'hydratation ont révélé que les joueurs de football
bulgares d'élite ne sont pas parfaitement hydratés. Les résultats de
l'étude confirment l'importance d'exiger aux joueurs à démarrer
des charges hydratés de manière optimale hydratée afin d'être en
mesure de ralentir et de réduire l'impact des effets négatifs inévita-
bles de déshydratation pendant le jeu.
Mots clefs: déshydratation, consommation d'oxygène, taux 
cardiaque 
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impact of the inevitable negative effects of dehydration
during the practice and  match [1, 4, 10].

Aim of the present study was to estimate cardio-
vascular and respiratory parameters in active football 
players in a state of dehydration and optimal hydration.

PATIENTS AND METHODS

We studied 6 football players – aged 18-19 years during
the period from January till June 2013. We used a velo-
ergometer and cardio-pulmonary exercise test system
“Cosmed” and portable osmometer „Osmocheck” produced
by Vitech Scientific.

We used the following protocol: every player performed
twice a maximal cardio-pulmonary exercise test (CPET).
The first test was done after 24 hours of rest and in the
state of dehydration, verified with portable osmometer
„Osmocheck”. The second CPET was done after 48 hours
of rest and in the state of optimal hydration.

In order to create standard conditions, the following 
criteria were applied: During the period of investigation the
players didn’t train; They had normal physiological sleep
duration; The diet was standardized for athletes with low salt
intake; They drank only non mineral spring water; During
the test period the players were clinically healthy; They took
no medications, food supplements, caffeine or energy drinks.
The CPETs were performed between 8.30 and 12.30 
o’clock in standard room conditions- temperature 20-22oC,
humidity 60-65% and atmosphere pressure 754 кРа. Every
CPET was done using veloergometer and cardio-pulmonary
exercise test system “Cosmed” after proper calibration and
entering the player’s date of birth, anthropometric data,
heart rate and respiratory parameters. We started at the level
of 25 W and the increased the exercises level with 15 W
every 30 seconds. The criteria for discontinuation of the test
were: inability to keep the tempo of 60-62 cycles /min.,
extreme fatigue and subjective desire to stop, drop in the 
cardio-vascular parameters. 

We analyzed the following parameters: Maximal 
exercise level during discontinuation of the test (W); Heart
rate (HR) during the exercise; HR at rest; Rf - breathing 
frequency; Oxygen consumption (VO2/kg).

Methods for determination of the optimal hydration of
the players. During the test period we studied the needed
fluid intake for optimal hydration. The investigation was
done during two periods - summer and winter. A control
group of 8 football players – aged 18-19 years - took a strict
amount of non mineral spring water. During the first 24
hours they took 2 l of water. During the following days we
increased the water intake by 500 ml per 24 hours. At that
time, the players were in preparation period (had no 
competitive matches). In January they had one training 
cession per day and in June they had two training sessions
per day. In the morning, prior to the training cession, the
body weight of every tested subject was measured and the
level of hydration was verified with portable osmometer
„Osmocheck”. The amount of the spring water for the day
was prescribed to every athlete and the amount of possible

additional fluid in the daily menu (water, yogurt, soups) was
taken in to account. During the test period the players were
healthy. Their diet was standardized with low salt intake.
They took no medications, food supplements, caffeine, 
energy drinks, industrial juices or soft drinks. The median
daily temperature and humidity were also measured and 
considered.

RESULTS AND DISCUSSION

CPET results. Maximal level of exercise

Two of the tested players reached the same level of 
maximal exercise (measured in Watts) in the state of 
dehydration and optimal hydration. The other four athletes
completed 1 on 2 steps of CPET more during optimal hydra-
tion, compared to the tests in dehydrated status. 

HR during exercise.  In all tested athletes, mean values
of HR were lower at every step of CPET in hydrated state,
compared to the dehydrated state. The maximal difference,
registered in one player, was 287 heartbeats fewer during the
whole CPET in hydrated state compared to the CPET in
dehydrated state, reaching the same level of exercise. The
minimal such difference was 45 heartbeats per test (table 2). 

These results suggest that in the state of optimal hydra-
tion the athletes can reach the same level of exercise per-
forming fewer heartbeats i.e. in more ergonomic pattern.

HR during recovery. The HR was measured from the
moment of discontinuation of the test till the level of KR
130/ min. All the tested subjects reached that level faster
and with fewer heartbeats (table 3).

RF-breathing frequency. Two of the tested subjects

Parameters → DH H
Workload /W/↓

25 90,6 79,6

70 105,5 99,4
120 127,8 118,6
165 144,9 135,6
210 159,5 151

255 171,3 164,7
Discontinuation → 183,2 180
DH - means dehydration, H - optimal hydration

Тable 2 - Exercise and HR bpm

Parameters → DH H
Subject ↓

1. 300 W 300 W
2. 300W 315W
3. 300W 315W
4. 315W 330W
5. 330W 330W
6. 270W 300W
DH - means dehydration, H - optimal hydration

Table 1 - Maximal CPET workload in Watts
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had higher RF during CPET in optimal hydration. The
other four had lower RF in hydrated status compared to
dehydrated status (table 4).  In this group, the biggest
difference in the total amount of breaths in hydrated vs
dehydrated condition was 47 and the lowest one was 17
breaths. 

Maximal oxygen consumption (VO2 max/kg). Two of 
the test subjects reached higher values of VO2 max/kg in
hydrated compared to dehydrated state. In the other four
VO2 max/kg was consistently  lower at every step of the
CPET  in hydrated state i.e. in hydrated state the body tissues
use less amount of oxygen for the same amount of work. So
we found one more proof, that hydration provides more
ergonomic way of exercise. (table 5) 

The maximal difference in the mean VO2 max/kg was
1,7 ml/min/kg, and the minimal was 0,7 ml/min/kg per step
of the exercise test.

Results from the sudden test for hydration. During the
period from January 2012 till July 2013 we performed 518 
sudden test for hydration using „Osmocheck” device. We
studied 5 professional teams from the First Bulgarian  football
league (A group), 4 teams from second division (B – group)
and two elite  youth times – U17 and U 19.

All the samples were taken in the morning, before the
training cession. The players trained at least once, during
the previous day.

We found the following results:
- Only 78  players (15,1%) were optimally hydrated; 
- 346 athletes  /66,7 %/ were entering the zone of

dehydration; 
- 94 players  /18,2 %/ were totally dehydrated. 
In January, when the mean daily temperature was 0° –

8°C, the mean humidity - 70 – 80 %, and the training
program was 1 cession per 24 hours, the minimal amount
of spring water intake for optimal hydration was 40 ml /kg
[1, 2, 3, 4].

In June, when the mean daily temperature was 18° –
25°C, the mean humidity - 70 – 75 %, and the training
program was 2 cession per 24 hours,  the minimal amount
of spring water intake  for optimal hydration was 60 ml /kg
[1, 2, 3, 4].

CONCLUSION

Our results confirm that in the state of optimal hydra-

tion, human body can perform the same workload in more
ergonomic manner, compared to the dehydrated status,
with fewer heartbeats (lower HR); fewer breaths (lower
RF); lower  oxygen consumption; faster HR recovery. 

The results from the sudden tests for hydration status,
revealed that vast majority of the Bulgarian elite players is
not optimally hydrated. Physicians and coaches involved,
should take that fact into account. They should aim to
achieve optimal hydration status, in order to improve the 
performance of the players during the training and competi-
tive activities. 

REFERENCES

1. Berning JR, Nutrition for Exercise and Sports Performance. In:
Mahan LK, Escott-Stump S. Krause's ed. Krause’s Food, Nutri-
tion and Diet Therapy. 10th edition, W.B. Saunders Company
Philadelphia, PA, 2000: 535-558.

2. European Hydration institute – www. europeanhydrationinsti-
tute.org

3. Bangsbo J. Physiological Demands of Football. Sports Science
Exchange. 2014; 27 (125): 1-6.

4. FIFA. http://www.fifa.com/aboutfifa/footballdevelopment/
medical/playershealth/risks/heat.html. Accessed 7th May 2014.

5. Ali A, Williams C. Isokinetic and isometric muscle function of
the knee extensors and flexors during simulated soccer activity:
effect of exercise and dehydration. J Sports Sci. 2013; 31(8): 907-
16.

6. Aragón-Vargas LF, Moncada-Jiménez J, Hernándes-Elizondo J,
Barrenechea A, Monde-Alvarado M. Evaluation of pre-game
hydration status, heat stress, and fluid balance during profes-
sional soccer competition in the heat. Eur. J. Sport. Sci. 2009;
9: 269–276.

7. Arnaoutis G, Kavouras SA, Kotsis YP, Tsekouras YE, Makrillos
M, Bardis CN. Ad libitum fluid intake does not prevent dehy-
dration in suboptimally hydrated young soccer players during a
training session of a summer camp. Int. J. Sport Nutr. Exerc.
Metab. 2013; 23(3): 245-51. 

Parameters → DH H

Discontinuation → 183,2 180
1` 166,8 163,2
1` 30`` 155,2 151,2
2` 143,8 140,2
2`30`` 135,2 132,7
3` 133,4 134
3` 30`` 133,3 130
4` 129,7 125,7

Table 3 - HR recovery

Parameters → DH H
Workload /W/ ↓

25 19,1 18,0
70 19,3 18,5
120 22,6 22,1
165 27,9 26,1
210 32,8 32,5
255 36,4 36,1

Discontinuation → 49,6 50,9

Table 4 - RF-breathing frequency per min

Parameters → DH H
Workload /W/ ↓

25 9,4 8,9
70 15 15,3
120 23,7 23,2
165 29,9 29,5
210 36,2 35,7
255 42,6 41,7
Discontinuation → 46,8 45,9

Table 5 - Maximal oxygen consumption - VO2/max - ml/min/kg



Archives of the Balkan Medical Union September 2016, 361

8. Bangsbo J, Mohr M, Krustrup P. Physical and metabolic
demands of training and match play in the elite player. J.
Sports Sci. 2006; 24: 665-674.

9. Cheuvront SN, Kenefick RW, Montain SJ, Sawka MN. 
Mechanisms of aerobic performance impairment with heat
stress and dehydration. J Appl Physiol. 2010; 109: 1989-1995.

10. Da Silva AI, Fernandez R. Dehydration of football referees dur-
ing a match. Br. J. Sports Med. 2003;37(6):502-6.

11. Da Silva RP, Mündel T, Natali AJ, Filho MGB, Alfenas RCG,
Lima JRP, Belfort FG, Lopes PRNP, Marins JCB. Pre-game
hydration status, sweat loss, and fluid intake in elite Brazilian

young male soccer players during competition. J. Sports Sci.
2012; 30(1): 37-42.

12. Duffield R, McCall A, Coutts AJ, Peiffer JJ. Hydration, 
sweat and thermoregulatory responses to professional football
training in the heat. J. Sports Sci. 2012; 30(10): 957-965.

13. Edwards AM, Mann ME, Marfell-Jones MJ, Rankin DM, Noakes
TD, Shillington DP. Influence of moderate dehydration on soccer
performance: physiological responses to 45 min of outdoor 
match-play and the immediate subsequent performance of sport-
specific and mental concentration tests. Br. J. Sports Med. 2007;
41(6): 385-91.


