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[Purpose] The purpose of this study was to (i) assess 
hydration levels in elite male football players during 
a national team training camp before and during 
qualifying matches, (ii) evaluate the effect of coaching 
strategies for hydration based on feedback from hydra-
tion monitoring, and (iii) assess possible relationships 
between hydration status and training load or wellness 
markers.

[Methods] Thirty-one male players (age 27±4 yrs; 
height 185±6 cm; weight 82.9±6.7 kg; body fat 
10.4±2.3%) representing a national team from the 
Union of European Football Associations (UEFA) par-
ticipated. The players were studied during three differ-
ent national team training camps related to the UEFA 
Nations League tournament. Urine specific gravity (USG) 
was measured to assess hydration status. During all 
camps, the players were actively coached on improving 
strategies for hydration and given individual feedback 
on their test results. The training load was measured 
using GPS technology, and wellness questionnaires 
were completed.

[Results] USG decreased progressively and signifi-
cantly (p<0.005) during camp 1 and hydration status 
improved over the three camps, with fewer dehydrated 
and more well-hydrated players identified during the 
last part of camp 3. Significantly (p<0.05) higher USG 
values were observed 2 days prior to a match (MD-
2) than on match day (MD); consequently, 52% of the 
players were dehydrated on MD-2 and only 6% on 
MD. No correlations were observed between hydration 
status and training load or wellness markers.

[Conclusion] Dehydration is a challenge in elite male 
football, but continuous monitoring of hydration status 
and coaching on hydration strategies can lead to major 
improvements and reduce the degree of dehydration.

[Keywords] dehydration, nutrition, soccer, wellness, 
environment, knowledge, performance
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INTRODUCTION
Football is the most popular sport in the world, with approximately 

250 million active players worldwide. Football is a complex team sport 
that challenges a wide range of physiological and mental abilities that 
cover the entire performance spectrum1.

An appropriate approach to nutrition can result in good health and per-
formance among football players. In-game performance and recovery be-
tween matches can be affected by the type, quantity, and timing of food, 
fluids, and supplements taken by players2. Training regimes have become 
more demanding, and congested match schedules can affect important 
parameters of performance, including hydration status. 

A football player can lose 0.5–3.0 L/hour of body fluids during train-
ing and matches, depending on the intensity of exercise and environmen-
tal conditions3-6. There are several methods for assessing euhydration, for 
instance, a urine osmolality of <700 mOsmol/kg or urine specific gravity 
(USG) of <1.020 suggests euhydration. On the other hand, hypohydra-
tion can have a detrimental impact on exercise performance; it has been 
proposed that cardiovascular strain (due to decreased cardiac output and 
higher heart rate)7,8, impaired cognitive function9, increased ratings of 
perceived exertion10, and diminished physical function10 and technical 
skills11 are factors contributing to the reduced performance level.  

Players should aim to start their training or match fully hydrated and 
maintain an appropriate hydration status to support optimal performance 
during the game12. Even though it is important for a player to start train-
ing or playing in a well-hydrated state, many players start their training 
sessions and games hypohydrated11,13-15. Recent systematic reviews have 
indicated that pre-exercise hypohydration in football players ranges 
between 37.4% and 63.5%, depending on the method of assessment of 
hydration status (urine osmolality vs. USG)16. Although the reasons for 
this include environmental factors such as altitude and high temperature, 
the lack of knowledge and understanding of the importance of euhydra-
tion by players is another determining factor. Moreover, the commonly 
used thirst rating is not considered a good indicator of hydration level15. 
A lack of proper guidance and development of a well-planned hydration 
schedule could also contribute to hypohydration in players17. Consider-
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ing this, proper dietary records should be maintained and 
urine samples should be analyzed for osmolality or specific 
gravity with a particular view to the players replacing daily 
sweat and urine losses. Finally, proper transfer of knowl-
edge to players who seek information about sports nutrition 
can yield positive results, especially in the case of hydration 
status, as was evident for female football players18.

Given the lack of information derived from elite players 
regarding hydration status, the purpose of this study was 
(i) to assess hydration levels in elite male football players 
during a national team training camp before and during 
qualifying matches, (ii) to evaluate the effect of coaching 
strategies for hydration based on feedback from hydration 
monitoring, and (iii) to assess possible relationships between 
hydration status and training load or wellness markers.

METHODS
Participants

A preliminary power analysis (effect size: 0.25, power: 
0.90, probability error: 0.05, 2-tailed) using G*Power soft-
ware (version 3.1.9.2, Düsseldorf University, Düsseldorf, 
Germany) indicated a sample size of 13 participants for a 
repeated-measures, within-factors design. In this study, thir-
ty-one male European national team football players com-
peting in a Union of European Football Associations (UEFA) 
tournament were recruited to participate in three camps. 
Table 1 shows the characteristics of the players. All play-
ing positions were represented and players were selected 
for the national team during the three camps related to the 
UEFA Nations League in the autumn of 2020. Twenty-three 
players participated in camp 1, 22 players in camp 2, and 
23 players in camp 3. Fourteen players were involved in all 
three camps. Players participated in two games during camp 
1, three games during camp 2, and three games during camp 
3. The players were fully informed of the experimental pro-

cedures and possible discomfort associated with the study 
before giving their written informed consent. Procedures 
were in accordance with the 1975 Declaration of Helsinki 
and its later amendments, and approval was obtained from 
the Institutional Review Board of the University of Thessaly 
(protocol number 1635/02-04/2020).

Design
The design of this study is shown in Figure 1. The na-

tional team players were monitored during three consecutive 
camps during September (Camp 1 [C1]), October (Camp 2 
[C2]), and November (Camp 3 [C3]) 2020. C1 incorporated 
two UEFA Nations League games separated by three days, 
while camps 2 and 3 incorporated three games separated by 
three recovery days. Descriptive characteristics of players 
were measured on the first day of camp 1 (MD-3). During 
the camps, the hydration status of players was assessed by 
USG. After the first measurement (baseline – MD-3 of C1), 
players were given a 60-min lecture on the importance of 
hydration during games and training, and on optimal fluid 
intake strategies. After each measurement, players were giv-
en individual feedback and guidance if they showed signs 
of dehydration or suboptimal hydration. In addition to the 
training sessions, water was available during all team meet-
ings and other events, and the players were encouraged to 
take in water frequently. Moreover, the wellness status and 
training load were recorded during the camps.

Experimental Procedures

Baseline assessments
At 8.00-9.00 am on the first day of C1, following an 

overnight fast, players’ weight and body composition were 
measured using bioimpedance technology with an InBody 
230 multi-frequency body composition analyzer (InBody 
230, BioSpace, Urbandale, IA, USA), as described by Kare-
lis et al. (2013). The participants were weighed barefoot 
while wearing light clothes. The data output, as calculated 
by an algorithm, included fat mass (kg), body fat (%), and 
lean body mass (kg). The InBody technology has been val-
idated with dual-energy X-ray absorptiometry (DXA) with 
ICCs of 0.98–0.9919. The heights of the players were mea-
sured using a portable stadiometer (Seca213; Seca GmbH, 

Figure 1. Study design. 
USG: Urine specific gravity; MD: Match day; G: Game
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Age 
(yrs)

Height 
(cm)

Weight 
(kg)

Body fat 
(%)

Muscle mass 
(kg)

Yo-Yo IR2 
(m)

27±4 185±6 82.9±6.7 10.4±2.3 43.0±3.6 1113±185

Table 1. Player characteristics (n=31).

Data are mean±SD Yo-Yo IR2: Yo-Yo intermittent recovery test level 2.
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Hamburg, Germany). Fitness status was measured by Yo-
Yo IR2 testing20 during the three–four weeks prior to the 
camps.

Urine specific gravity
An upon-waking (8.00–9.00 am), mid-flow urine sam-

ple in a fasted and rested state was used when collecting 
all urine samples, as recommended21. USG was measured in 
urine samples that were collected in 10-ml tubes as soon as 
possible after waking up and before any intake of fluid or 
food. The urine samples were stored at room temperature 
and analyzed within 30 min after sampling using a refrac-
tometer (RETK-70; Tekcoplus Ltd, Kowloon, Hong Kong). 
USG was measured on day -2 (2 days before a game, MD-2) 
and on match-day (MD) during all three camps. During all 
three camps, standardized meals were consumed according 
to established nutritional principles in elite football22. 

Wellness status and training load
Player wellness was measured using a six-section psy-

chometric questionnaire23. The questionnaire assessed sleep 
duration and quality, motivation, stress levels, recovery, 
and muscle soreness. The previous night’s sleep duration 
was assessed in hours, while the other four questions were 
scored on a 5-point scale (1 representing very, very poor, 
and 5 very, very good), and muscle soreness was scored on 
a 10 point scale (1 = no soreness and 10 = very very sore). 
Wellness questionnaires were completed immediately upon 
waking on days -2 and -1 and on match-days during all 
three camps. Activity patterns and heart rate loadings were 
recorded during all training sessions using Polar Pro (Polar 
Team Pro; Polar Electro, Kempele, Finland). External train-
ing load was evaluated by assessing the total distance cov-
ered, high-intensity running distance, sprint distance, and 
the number of accelerations and decelerations, as previously 
reported12. The internal training load was measured using 
heart rate loading recordings.

Educational intervention
The lecture was in the form of a PowerPoint presentation 

delivered to the players in a hotel conference room. The 
lecture lasted 60 min and consisted of a 15 min introduction 
concerning the importance of proper nutrition in football; a 
30 min main section concerning the importance of proper 
hydration for performance, the timing of fluid intake, infor-
mation on good hydration practices before, during, and after 
training or a game, and simple ways of assessing hydration 
status; and a final 15 min section devoted to questions from 
the players. A description of the lecture is presented in Table 
2. Furthermore, during all camps, the players were actively 
coached on improving hydration strategies and given indi-
vidual feedback on their test results.

Statistical analysis
A Shapiro-Wilk test was used to test for normality of 

data. Differences in USG, training data, and wellness during 
the study period were analyzed using a one-way repeat-
ed-measures ANOVA. When a significant interaction was 

found, multiple comparison procedures were applied using 
a post-hoc least significant differences test to identify the 
points of difference. A dependent t-test was performed on 
pooled data to assess potential differences between day-
2 and match day. Statistical significance was set at p≤0.05. 
Correlations between USG and training or wellness data were 
calculated using the Pearson product-moment correlation. 
For correlation analyses, measurements performed on MD-2 
were used. Correlations between body fat percentage, which 
was measured in each camp, and hydrational status were 
also analyzed. SigmaStat software was used for all analyses 
(SigmaStat for Windows version 11.0). Data are presented 
as the mean±SD. 

RESULTS
Urine specific gravity

The baseline USG on the first day of the camp was 
1.025±0.005. Twenty of the 23 players (87%) who partici-
pated in C1 were dehydrated (Table 3) at the beginning of 
camp, but this number progressively decreased until the end 
of C1, with only three dehydrated players (13%) prior to 
game 2. The pattern was the same for C2, as 12 players (55%) 
appeared to be dehydrated on MD-2,  but this number pro-
gressively decreased to 7 dehydrated players prior to game 
3. During C3, 15 players (65%) were dehydrated on MD-2, 
and this number decreased to three (13%) prior to game 3 of 
this camp. 

Repeated measures ANOVA was performed using data 
from players who participated in all three camps, which re-
vealed that USG decreased significantly (p<0.005) compared 
to the first day of the training camps (MD-2 of C2, Table 1). 
Hydration status improved progressively during the three 
camps, with fewer dehydrated players and more well-hy-
drated players during the last part of C3 compared to the 
first part of C1. Overall, 51% of the players were dehydrated 

Section - Duration Topic
Introduction – 15 min           Proper Nutrition in Football

           •  Every day nutrition
           •  ‌�Macromolecule intake per day 

(carbohydrates, fat, protein)
           •  ‌�Micromolecule intake 

(vitamins, minerals)
           •  ‌�Timing of solid food and fluid 

intake days and hours prior to 
a game 

Main Section – 30 min           Proper Hydration for Performance
           •  Amount of fluid intake
           •  ‌�Timing of fluid intake (before, 

during, and after a game)
           •  Type of fluid intake
           •  ‌�Assessment of hydration 

status
           •  ‌�Adverse effects of 

hypohydration

Final Section – 15 min           Questions - Answers

Table 2. Brief description of the educational intervention.
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in C1, 34% in C2, and 31% in C3.
The USG data for each of the three camps are shown in 

Figures 1-3. Repeated measures ANOVA for C1 (Fig. 2) 
revealed that USG was significantly lower (p<0.01) on the 
days following the first day of C1. Furthermore, the USG on 
MD of game 2 was significantly lower (p<0.001) than that 
of game 1 and MD-2 of game 2. Data analysis of C2 (Fig. 3) 
revealed that USG levels on MD of game 1 and game 2 were 
significantly (p<0.05) lower than those in MD-2 of games 1 
and 3. Repeated measures ANOVA for the C3 data (Fig. 4) 
revealed that USG levels were significantly higher compared 

to the other points of measurement (with the exception of 
MD-2 of game 3). The USG on MD of game 2 and game 3 
was significantly (p<0.005) lower than that of game 1 and 
day-2 of game 2. When all the data were pooled together, 
USG on MD-2 was significantly (p<0.05) higher than the 
MD values (Fig. 5). On average, 52% of the players were 
dehydrated on MD-2 and 6% on MD.

Training load
The total distance covered during training on MD-2 was 

greater (P<0.05) than during MD-1, while high intensity 

Table 3. Time-dependent changes in USG (n=14) and hydration status.

    C1       C2         C3    
Game-1 Game-2 Game-1 Game-2 Game-3 Game-1 Game-2 Game-3

USG MD-2 MD MD-2 MD MD-2 MD MD-2 MD MD-2 MD MD-2 MD MD-2 MD MD-2 MD
Mean 1,024 1,019* 1,019* 1,014* 1,018* 1,016* 1,017* 1,015* 1,019* 1,017* 1,020* 1,016* 1,018* 1,015* 1,024 1,013*
SD 0,004 0,004 0,007 0,003 0,006 0,003 0,005 0,004 0,004 0,005 0,005 0,004 0,003 0,003 0,015 0,005

Dehydration 
(# of players)

20 14 10 3 12 3 8 5 9 7 15 6 9 0 10 3

Dehydration 
(% of players)

87 61 43 13 55 14 36 23 41 32 65 26 39 0 43 13

*Sig. vs. MD-2 of Game-1 in C1, p<0.005; C1: Camp 1; C2: Camp 2; C3: Camp 3; MD-2: Match day-2; MD: Match day; USG: Urine specific gravity.
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Figure 2. Changes in USG during Camp 1  

 

* Sig Diff vs. MD-2, Game-1; # Sig Diff vs. MD, Game-2; USG: Urine specific gravity; MD-2: Match day-2; MD: Match day  
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Figure 2. Changes in USG during Camp 1.
* Sig Diff vs. MD-2, Game-1; # Sig Diff vs. MD, Game-2; USG: Urine 
specific gravity; MD-2: Match day-2; MD: Match day
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Figure 3. Changes in USG during Camp 2 

 

* Sig Diff vs. MD-2, Game-1; # Sig Diff vs. MD-2, Game-3; USG: Urine specific gravity; MD-2: Match day-2; MD: Match day  
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Figure 3. Changes in USG during Camp 2.
* Sig Diff vs. MD-2, Game-1; # Sig Diff vs. MD-2, Game-3; USG: 
Urine specific gravity; MD-2: Match day-2; MD: Match day
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Figure 4. Changes in USG during Camp 3 

 

* Sig Diff vs. MD-2, Game-1; # Sig Diff vs. MD, Game-1 and MD-2, Game-2; USG: Urine specific gravity; MD-2: Match day-2; MD: Match day 
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Figure 4. Changes in USG during Camp 3.
* Sig Diff vs. MD-2, Game-1; # Sig Diff vs. MD, Game-1 and MD-
2, Game-2; USG: Urine specific gravity; MD-2: Match day-2; MD: 
Match day
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Figure 5. USG comparison between MD-2 and MD 

 

* Sig Diff vs. MD-2; USG: Urine specific gravity; MD-2: Match day-2; MD: Match day 
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running (HIR) and sprinting distance were similar on MD-2 
and MD-1, except during C1, when HIR and sprinting dis-
tance were shorter (P<0.05) on MD-1 than on MD-2 (Table 
3). Intense accelerations and decelerations occurred more 
frequently (P<0.05) on MD-2 than on MD-1. There was 
no difference in mean heart rate loading during training on 
MD-2 and MD-1 (Table 4).

Wellness status
When data from all camps were pooled together, sleep 

duration was shorter (P<0.05) the night before MD-2 
compared to MD-1 and MD (Table 5), while there was 
no difference in sleep quality. However, sleep quality was 
rated higher (P<0.05) for the night prior to MD-1 than for 
MD-2 during C2, as well as for the night before MD-1 and 
MD during C3 (Table 5). The motivation score was higher 
(P<0.05) on the morning of MD than of MD-2 (Table 5). 
The level of stress and recovery status did not differ between 
days, while perceived muscle soreness was lower (P<0.05) 
on MD than on the morning of MD-2 and MD-1 (Table 5). 

Correlations
No correlations were found between hydration status 

or body composition, training load measures, or any of the 

wellness indicators (Table 6).

DISCUSSION
Our study is the first to measure hydration status along 

with the effects of hydration monitoring and optimal coach-
ing strategies for hydration in male national team football 
players during camps related to an official UEFA tourna-
ment. The principal findings were as follows: i) around 85% 
of the players were classified as dehydrated on the first day 
of a national team camp; ii) coaching fluid intake strategies 
markedly improved hydration status; and iii) on average, 
around half of the players were dehydrated on MD-2 and 
only 6% on MD. 

In the present study, we classified dehydration as a USG 
score of ≥1.020, as previously suggested21,24. Based on this 
definition, the majority of the players were dehydrated, and 
none were euhydrated (USG ≤1.015) on the first day of the 
national team camps. Thus, it appears that elite football 
players may generally suffer from hypohydration prior to 
participation in a training camp. Hypohydration has a sig-
nificant negative effect on both physiological and cognitive 
performance, as well as technical skills15. Four out of the 

Table 4. Training load measures during the three national team camps.

*Sig. vs. Day -2, p<0.05; Data are presented as mean±SD. HR: Heart rate; C1: Camp 1; C2: Camp 2; C3: Camp 3; MD-2: Match day-2; MD-1: Match day-1.

C1 C2 C3
MD-2 MD-1 MD-2 MD-1 MD-2 MD-1

Total Distance (m) 5567±942 4107±444* 5597±822 4758±590* 5401±956 4540±75*
High-intensity running (m) 719±202 456±177* 713±233 704±215 768±359 803±312

Sprint distance (m) 102±72 53±44* 99±55 108±59 99±85 148±99
Intense accelerations (n) 80±14 50±11* 82±12 52±11* 88±12 54±14*
Intense decelerations (n) 70±15 43±11* 72±16 51±12* 77±22 54±1*3

Mean HR (% HRmax) 78.3±3.3 77.2±3.9 77.9±3.6 76.8±3.2 79.4±3.7 77.8±3.6

Table 5. Wellness measures during the three national team camps.

C1 C2 C3
MD-2 MD-1 MD MD-2 MD-1 MD MD-2 MD-1 MD

Sleep duration (h) 6.8±1.3 7.6±0.8 7.8±0.8 6.7±1.4 7.9±0.8 6.9±1.0 6.9±1.2 7.6±0.7 7.9±0.8
Sleep quality (au) 4.0±0.8 3.9±0.6 3.8±0.6 3.3±0.9 3.7±0.6* 3.4±0.9 3.2±0.9 3.7±0.8* 3.9±0.7

Motivation (au) 4.0±1.0 4.0±0.8 4.6+0.8* 3.8+0.8 4.2±0.8 4.0±0.7* 3.9±1.0 4.0±0.6 4.4±0.5*
Stress (au) 3.7±0.9 3.6±0.8 3.4±0.8 3.8±0.7 3.7±0.7 3.6±0.8 3.8±0.8 3.7±0.6 3.6±0.7

Recovery (au) 2.9±0.8 2.9±0.6 3.2±0.7 2.8±0.6 3.4±0.6 2.7±0.6 2.8±0.8 3.2±0.5 2.8±0.6
Muscle soreness (au) 6.0±1.5 6.3±1.2 5.6+1.3# 5.6±1.3 5.9±1.5 5.3±1.9# 5.4±2.0 5.7±1.4 5.2±1.5#

Sleep quality, and levels of motivation, stress, and recovery status are expressed on a 1–5-point scale and muscle soreness on a 1–10-point scale. 
*Sig. vs. Day -2, p<0.05; #Sig. vs. Day -2 and Day -1; p<0.05; Data are mean±SD of MD-2, MD-1, and MD during each camp. C1: Camp 1; C2: Camp 2; C3: Camp 3; 
MD-2: Match day-2; MD-1: Match day-1; MD: Match day.

Table 6. Correlations between hydration status and training load variables, body composition, and wellness markers.

Inter-individual relationships between hydrational status and indicators of training load, body composition, and wellness. MD-2: Match day-2; USG: Urine specific gravity; 
HRmax: Maximum heart rate.

Variable Hydrational status
Total distance covered MD-2 and USG r2=0.04; p>0.05 (n=158)
High intensity running MD -2 and USG r2=0.06; p>0.05 (n=158)

%HRmax MD-2 and USG r2=0.07; p>0.05 (n=158)
Body fat percentage and USG r2=0.03; p>0.05 (n=168)
Wellness markers and USG r2=0.03-0,08; all p>0.05 (n=158)
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five players in this study were rated as hypohydrated during 
the training camp. Previous reports have indicated a lower 
rate of hypohydration in football players13,15. It is well es-
tablished that thirst does not constitute a proper measure for 
dictating fluid intake, and proper hydration guidance should 
be provided to players to prevent hypohydration and induce 
proper hydration levels15,25. The results of this study support 
this suggestion, since the educational intervention that was 
implemented in order to advise for proper hydration resulted 
in progressively lower dehydration rates in players partic-
ipating in this series of football fixtures. Consequently, in 
order to avoid performance decline and impairments in cog-
nitive function and technical skill, it is necessary to make 
a continuous effort to educate players on the advantages of 
proper hydration. In addition, frequent monitoring and in-
dividual feedback from players are needed if euhydration is 
the main goal. 

Hypohydration has been correlated with lower physical 
performance at the meta-analysis level26 and during football 
match-play12. The results of this study are not in line with 
those in the literature because we did not find any relation-
ship between improvements in hydration status and incre-
ments in exercise performance in the training days preced-
ing matches during the three tournament camps. It should 
be noted, however, that this was an observational study, and 
the research design was such that we followed the training 
schedule of the team without intervening in the training 
load. Since the periodization prior to each game was such 
that the training load was lowered leading up to a game, 
it is difficult to draw firm conclusions about the impact of 
hydration status on exercise performance; therefore, the re-
search design is acknowledged as a limitation of this study. 
A control condition or the inclusion of a control group not 
undergoing educational intervention would provide more 
firm conclusions.

Previous research indicates that educational interventions 
that highlight the importance of proper hydration practices 
might have short-term benefits27. However, this has not 
been studied thoroughly in elite football players, and future 
research should examine whether a continuous effort to im-
plement an educational program relating to proper hydration 
strategies can result in positive effects on hydration status.

Wellness questionnaires have been used recently in an 
effort to decipher the stress levels of football players23. 
Gathering such data can help the support team (coaches, 
trainers, physiotherapists, doctors, etc.) of the players to 
manage stress levels from a physiological and psychological 
standpoint. Previous research has shown that the training 
load can be monitored successfully using wellness question-
naires23. In our study, there was no correlation between the 
wellness and performance-related variables. Thorpe et al. 
(2015) also reported a non-significant relationship between 
muscle soreness and sleep quality related to acute daily 
fluctuations in the training load. Sleep quality and sleep 
duration are important factors that contribute to injuries in 
football players28. Silva et al. have shown that sleep efficien-
cy could explain 44% of the total variance in the number 
of injuries, 24% of the total variance in absence time after 

injury (days), and 47% of the total variance in injury sever-
ity29. Furthermore, data indicate that sports requiring a high 
level of speed and technical skills, such as football, are more 
sensitive to sleep manipulation30. In our study, sleep dura-
tion ranged between 7–8 h, and there were no statistically 
significant differences between training camps and days 
leading up to a game. Furthermore, there was no association 
between performance, sleep quality, and sleep duration. 

The present study was designed as an observational case 
study in which a Scandinavian National team was moni-
tored in a controlled setting during an official camp. The 
participants were professional players in various Northern 
European leagues. Thus, a limitation is that the findings may 
differ in other cultural settings. We applied urine specific 
gravity as a marker of hydration status, which is common-
ly used and shows good validity31. Confounding factors 
in relation to the application of USG to assess dehydration 
may be associated with factors such as sampling time, 
pathological conditions, high muscle mass, excess protein 
intake, and frequent engagement in high-intensity training21. 
In the present study, all samples were obtained according 
to standard procedures upon waking in the morning, and 
the participants were professional athletes without chronic 
disease. Moreover, the participants did not have extreme 
muscle mass, which could result in proteinuria, and no cor-
relation was found between muscle mass and USG. Altered 
renal blood flow and proteinuria have also been linked to 
engagement in frequent high-intensity training21. However, 
training during the camp was at moderate intensity, and no 
systematic difference in hydration status was observed be-
tween regular players and substitutes, which speaks against 
these effects. Finally, the players consumed a high-carbo-
hydrate diet during the camp, and no additional protein was 
provided. Collectively, these considerations indicate a minor 
confounding effect on the urine assessments. 

In conclusion, hypohydration appears to be a challenge in 
elite male football, but continuous monitoring of hydration 
status and coaching of hydration strategies using individual 
feedback induces a major improvement and reduces the de-
gree of dehydration. Hydration status does not appear to be 
associated with body composition, training load, or wellness 
status during a training camp.
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