)
=
<
=
o
o
(-}
<
R0
=
o
(2]
=
m
3
w
-
-
<

The Sweating Response of Elite Professional

Soccer Players to Training in the Heat

S. M. Shirreffs’

L. F. Aragon-Vargas?3
M. Chamorro*

R. J. Maughan'’

L. Serratosa*

J. ). Zachwieja?

Abstract

Sweat rate and sweat composition vary extensively between in-
dividuals, and quantification of these losses has a role to play in
the individualisation of a hydration strategy to optimise training
and competitive performance. Data were collected from 26 male
professional football (soccer) players during one 90 min pre-sea-
son training session. This was the 2nd training session of the day,
carried out between 19.30 and 21.00 h when the mean + SD envi-
ronment was 32 +3°C, 20+5%rh and WBGT 22 +2°C. Training
consisted of interval running and 6-a-side games during which
the average heart rate was 136 + 7 bpm with a maximum rate of
178 £ 7bpm (n=19). Before and after training all players were
weighed nude. During training all players had free access to
sports drinks (Gatorade®) and mineral water (Solan de Cabras®).
All drink bottles were weighed before and after training. Players
were instructed to drink only from their own bottles and not to
spit out any drink. No player urinated during the training session.
Sweat was collected by patches from the chest, arm, back, and
thigh of a subgroup of 7 players. These remained in place for the
first 15-30 min of the training session, and sweat was analysed
for sodium (Na*) and potassium (K*) concentration. Body mass

loss was 1.23 £ 0.50 kg (ranging from 0.50 to 2.55 kg), equivalent
to dehydration of 1.59+0.61% of pre-training body mass. The
sweat volume lost was 2193 +365 ml (1672 to 3138 ml), but only
972 +335 ml (239 to 1724 ml) of fluid was consumed. 45 + 16 % of
the sweat volume loss was replaced, but this ranged from 9% to
73%. The Na* concentration of the subgroup’s sweat was
30.2 +£18.8 mmol/1 (15.5 to 66.3 mmol/l) and Na* losses averaged
67 £37 mmol (26 to 129 mmol). The K* concentration of the
sweat was 3.58 £ 0.56 mmol/I (2.96 to 4.50 mmol/l) and K* losses
averaged 8 +2 mmol (5 to 12 mmol). The drinking employed by
these players meant that only 23 +21% of the sweat Na* losses
were replaced: This ranged from replacing virtually none (when
water was the only drink) to replacing 62 % when the sports drink
was consumed. These elite soccer players did not drink sufficient
volume to replace their sweat loss. This, however, is in accord
with data in the literature from other levels of soccer players
and athletes in other events. These measurements allow for an
individualisation of the club’s hydration strategy.
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Introduction

At the highest level, soccer is an endurance sport played by train-
ed athletes. The average power output is reported to be about
around 70% of VO,,.x [4], although Reilly [29] reported mean

values of about 75% of VO,,.. Players at senior level typically
cover about 8 - 12 km in the course of a game [30]. There is, how-
ever, a large variability depending on playing position, on the
level of play, and on the tactics employed as well as a large in-
ter-individual variability [25].
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This activity is associated with a high level of metabolic heat pro-
duction, as about 80% of the energy used appears as heat. On a
hot day, when the ambient temperature is higher than skin tem-
perature, heat is also gained from the environment, adding to the
body’s heat load. At high ambient temperatures, the only mecha-
nism by which heat can be lost from the body is evaporation of
water from the skin surface. This allows body temperature to be
maintained, but results in dehydration and electrolyte loss.
Evaporation of sweat secreted onto the skin helps to limit the rise
in core temperature, but core temperature during match play
typically reaches 39-40°C [22]. Severe heat stress seems to be
unusual in soccer, but in a single youth soccer tournament
played in hot conditions in the USA, a total of 34 players were
treated for heat illnesses as a consequence of heat exhaustion
[15]. Post-match rectal temperatures in excess of 39°C are com-
mon: in an unpublished report of a Swedish first division match
quoted by Bangsbo [3], all players had a rectal temperature in ex-
cess of 39°C at the end of the game. Some individual values in ex-
cess of 40°C have been recorded [10,32], and such high values
must be a cause for concern. In the cooler conditions that are
more commonly experienced in the winter game in Europe, some
elevation of body temperature is normal, although in extremely
cold conditions, hypothermia is also a potential problem.

Only a limited amount of information is available on the mass
(sweat) loss of soccer players during competition. Ekblom [10]
has reported a mass loss of 1-2.5kg during games played in
temperate climates, with the loss being greater in international
level games and less in players performing at a lower standard.
A body mass loss of 1.0 kg (1.4% of the pre-exercise body mass)
was reported by Leatt [16] in a study where players consumed 1
litre of fluid during the game, indicating a total sweat loss of
close to 2 litres. Much larger losses were reported by Mustafa
and Mahmoud [26] to occur in some international level players
playing in hot conditions. In games played in the heat, losses of
almost 41 were observed in some individual players, although
the mean loss was 2.0-2.51: when players performed in cooler
(13°C) conditions, a much smaller mean sweat loss of 0.85 1 was
reported. Sweat losses of up to 3.5 in some individuals were also
reported by Bangsbo [3]. It is likely that such losses would seri-
ously impair both physical and cognitive performance.

There is little published information available as to any relation-
ship between the losses during training and those incurred dur-
ing match play [5]. This is clearly going to be influenced by the
type and duration of the training session in comparison to the
90 min match. Many clubs monitor sweat losses of players to es-
tablish guidelines for fluid replacement, but these data are not
normally published. In pre-season training, it is common for
players to complete two training sessions per day, often with in-
complete recovery between sessions, and the dangers of dehy-
dration and hyperthermia may be greater than in match play.

As well as a loss of water in sweat, a number of electrolytes and
trace minerals are lost. The solute content of sweat is influenced
by a number of factors, including the sweating rate and the accli-
mation status of the individual. Notwithstanding the large inter-
individual variability, the main electrolyte present in sweat is so-
dium, which is also the most abundant electrolyte in the extra-
cellular space. Literature values for sweat sodium concentration

are typically about 20-80 mmol/l, compared with a plasma con-
centration of about 140 mmol/l [23]. Sweat potassium concen-
tration is typically about 4 -8 mmol/l, which is relatively high
compared with the plasma concentration, but low relative to
the concentration of potassium in the intracellular space [23].
Acute replacement of electrolyte losses during exercise is not
normally a priority, except when exercise is very prolonged and
sweat losses are high, as may happen in the slower competitors
in ultramarathon or triathlon competition [28]. When very large
volumes of sodium-free fluid are ingested, there may be a fall in
the plasma sodium concentration with adverse consequences
[11], but this situation is unlikely to arise during soccer training
or competition.

Avariety of guidelines is used to provide advice for sports people
on the replacement of their sweat losses before, during and after
exercise in different environmental conditions. An example is the
American College of Sports Medicine’s Position Stand on Exercise
and Fluid Replacement [1]. These guidelines are, however, of lim-
ited use to practitioners who face the task of providing advice to
individuals. One recommendation is to drink 150-350 ml every
15-20 minutes during exercise [1]: this would translate to a flu-
id consumption of about 600 ml over the course of a 90 min
training session at the most conservative rate of drinking, but al-
most 2 litres at the highest rate.

These general guidelines have an important role to play in allow-
ing sports people to exercise safely and optimally, but there are
clearly situations when an individualisation of the advice given
is preferable or indeed necessary. The present study was under-
taken to assess individual sweat and solute loss during a training
session and to establish the drinking patterns of these players
during that same training session.

Methods and Materials

Subjects

Twenty-six male soccer players gave written informed consent
to participate in this study, after the details of the study had been
explained to them. The study was approved by the Research
Ethics Committee of Loughborough University. The players com-
prised the entire first team squad of a successful professional
club and included 17 current international players representing
7 different countries. Twenty-three of the 26 subjects were out-
field players, the other three being goalkeepers. Physical charac-
teristics (mean + SD) of the players were: age 26 +4y, height
181 +5cm, body mass 77 £ 5 kg.

All data were collected during a single 90 min pre-season train-
ing session. This was the second training session of the day for
these players and it was carried out between 19.30 and 21.00 h
when the mean environmental conditions were 32 +3°C ambi-
ent temperature, 20 5% relative humidity and WBGT 22 +2°C.
The first training session was completed between 9.30am and
11am, so players had approximately 8.5 hours to recover be-
tween sessions, during which they had unrestricted access to
food and fluids. Training consisted of a warm-up, interval run-
ning and 6-a-side games followed by a warm-down. The total
duration of the training session was approximately 90 min, and
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all outfield players followed the same training program. The
three goalkeepers trained separately for part of the session.
Heart rate was monitored throughout the training session on 19
of the 26 players using Polar heart rate monitors (Polar Electro
Ibérica S.A., Barcelona, Spain).

Before and after training all players were weighed nude. Players
were asked to micturate and defecate if necessary prior to the
pre-exercise measurement. During the training session all play-
ers had free access to two flavours of the same commercially-
available sports drink (Gatorade®) and also to bottled mineral
water (Solan de Cabras® mineral water). Regular breaks were
scheduled to allow players to consume fluids, according to the
normal practice of these players when training in these condi-
tions. The drinks provided were those that are normally available
to the players during training and competition. The composition
of the sports drink and mineral water are shown in Table 1.

Each player was provided with three individually numbered
drinks bottles. All drink bottles were weighed before and after
training in order to establish the volume of each consumed dur-
ing the training session. The players were instructed to drink on-
ly from their own numbered bottles and not to spit out any drink.
Additional water was provided for players to rinse their mouth
without swallowing or to cool their head and face if desired.
Drinking behaviour was monitored by observers to ensure that
players used only the correct bottles and that no fluid was dis-
carded by the players.

Separate drinks bottles were provided for each player immedi-
ately after the training, as the players were leaving the field, in
order that the drinks consumed after training could be deter-
mined in isolation from those consumed during training itself.
Again, all drink bottles were weighed before training and after
the players had been reweighed in order to establish the volume
of each of the drinks consumed after the training session. The
players were given the same instructions as had been in place
during training namely to drink only from their own numbered
bottles and not to spit out any drink.

Sweat samples were collected during the training session from a
randomly selected subgroup of 7 players. Duplicate samples
were collected from each of four skin sites (chest, forearm, back
and thigh) by absorbent sweat patches applied to the skin sur-
face (Sudormed Inc, CA, USA). The patches were positioned prior
to the start of the training session and remained in place for the
first 15-30 min of the training session. All patches were placed
on the right hand side of the body after appropriate cleaning
and preparation of the skin site. The sweat collected was ana-
lysed for sodium (Na*) and potassium (K') concentration by
flame photometry (Corning, 410 C). Prior to analysis, the volume
of sweat collected in each patch was determined gravimetrically,
by weighing the storage tube, patch and sweat and subtracting
the mass of the preweighed patch and storage tube. The sweat
was then diluted with deionised water, and after mixing, the
electrolyte content was determined.

Statistical analysis
Data were tested for normality of distribution and are presented
as mean + SD, with the range of data given in parentheses. The

_________________________________________________________|
Table 1 Composition of the sports drink and mineral water

Sports drink  Mineral water

Sodium concentration (mmol/l) 18 2.3
Potassium concentration (mmol/l) 3 0.3
Chloride concentration (mmol/l) 11 2.2
Carbohydrate concentration (%) 6 0

Overall (MAX) —178_

Overall (MEAN) 136 ——
Interval running (MAX) |IEEEE 174 I —
Interval running (MEAN) 139 ——
6x6 Soccer (MAX) NN 17> I
6x6 Soccer (MEAN) 149 —F
Warm-up (MAX) I 53 I —
Warm-up (MEAN) | 123 ——

70 90 110 130 150 170 190
Heart rate (beats per minute)

Fig.1 The average heart rate (MEAN) and average peak heart rate
(MAX) for 3 different phases of the training session (warm-up, 66
soccer, interval running) and for over the whole training session (Over-
all).

significance of the measured changes during training was as-
sessed using a paired t-test. The composition of the sweat col-
lected from the 4 different sites was compared by one-way anal-
ysis of variance.

Results

The training session was of a moderate to high intensity: the
average heart rate for the whole duration of the session, includ-
ing short rests and drinking breaks, was 136 + 7 bpm with a mean
maximum rate of 178 + 7 bpm (n = 19). The mean and maximum
heart rates recorded during the six-a-side practice matches were
not different from those recorded during the interval running

(Fig.1).

There was a significant (p = 0.000) body mass loss over the train-
ing session of 1.23 + 0.50 kg (ranging from 0.50 to 2.55 kg). This is
equivalent to a level of dehydration of 1.59+0.61% of the pre-
training body mass, ranging from 0.71 to 3.16% dehydration.

No player urinated during the training session, so the calculated
sweat volume lost was 2193 + 365 ml (1672 to 3138 ml). The cal-
culated mean sweat rate was 1.46 +0.24 (1.12-2.09) 1/h. How-
ever, a mean of only 972 +335ml (239 to 1724 ml) of fluid was
consumed during the training session. On average only 45 + 16%
of the sweat volume loss was replaced during training, but this
ranged from only 9% to 73 %. Additionally, there was no relation-
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ship (p=0.96) between the sweat volume lost and the drink vol-
ume consumed during training (Fig.2). This mean drink intake
was largely from the sports drinks which were consumed by all
but 2 of the players. Water was consumed by 19 players, the
mean volume consumed being 324 +312 ml; orange flavoured
sports drink was consumed by 17 players, with the mean intake
being 658 + 367 ml; lemon-lime flavoured sports drink was con-
sumed by 14 players, with a mean intake of 589 + 327 ml. Fluid
balance summary data are shown in Table 2. These calculations
are based solely on body mass changes and on the measured flu-
id intake. Water loss due to respiration has been ignored and will
be included as sweat loss, and loss of mass due to substrate has
also been ignored.

Fluid intake immediately after training but before the measure-
ment of post-exercise body mass was assessed and recorded sep-
arately. Ten players consumed drinks before leaving the training
field and reaching the changing room where mass was mea-
sured, and the average fluid intake was 476 + 250 ml ranging
from only 94 to 774 ml. However, there was no relationship be-
tween the drink volume consumed during training, the sweat
volume lost during training, or the dehydration that occurred
during training and the post-training drinking practices.

The Na* concentration of sweat in the sub-group of players in
which it was measured was 30.2+18.8 mmol/l (15.5 to
66.3 mmol/l) and Na* losses averaged 67 +37 mmol (26 to
129 mmol). The sweat K* concentration was 3.58 + 0.56 mmol/l
(2.96 to 4.50 mmol/l) and K" losses averaged 8 +2 mmol (5 to
12 mmol). There was no difference in the Na* (p=0.535) or K*
(p=0.301) concentration of the sweat collected at each site. as
determined by one-way analysis of variance. The fluid ingested
by these players provided an average of 11 +8mmol (0 to
21 mmol) Na* over the training session. This is equivalent to
23 +21% of the sweat Na* losses being replaced. This ranged from
replacing none (0.1 +0.1 mmol, 0.4%), when water was the only
drink, to replacing 62% when the sports drink was consumed.
This sub-group of players lost 2242 + 455 (1672 to 3138) ml of
sweat and replaced this during training with 944 +213 (658 to
1153) ml of fluid. This is equivalent to a level of dehydration of
1.72 £0.77% of the pre-training body mass, ranging from 0.99 to
3.16% dehydration. Sweat composition summary data are shown
in Table 3.

Discussion

The soccer players who took part in this study were all elite pro-
fessional players taking part in a typical pre-season training ses-
sion. Although the training session took place in the evening, the
warm environmental conditions together with the intensity of
training were sufficient to stimulate significant sweating. All
players experienced a reduction in body mass over the course of
the training session which is in accord with data in the literature
from other levels of soccer players and athletes in other events
[6]. However, a key finding of this study is the considerable var-
iation in the sweating responses and drinking behaviour in the
training session (Figs. 2 and 3). These responses were not related
to player position, nor were they related to the individual heart
rates during training, but rather seem to reflect individual varia-

2000 -
1800 1
1600 1 o
1400 1
1200 e o o o
1000{ o—°

8001 ® L e
600 1
400 1
200 1 °

0
1500

1750 2000 2250 2500 2750 3000 3250
Sweat loss during training (ml)

Drink volume consumed during training (ml)

Fig.2 The relationship between the volume of sweat lost and the vol-
ume of drink consumed during training was not significant (p = 0.96).

|
Table 2 Fluid balance summary data

Mean drink intake =
9724335 (239-1724) ml

- 3244312 ml mineral water
(n=19)

- 658+367 ml orange sports

Mean mass loss =
1.23+0.50 (0.50-2.55) kg

Dehydration =
1.59+0.61(0.71-3.16) %

Mean sweat loss =

2.19+0.37 (1.67-3.14) | drink (n=17)
Mean sweat rate = - 5894327 ml lemon-lime sports
1.46+0.24 (1.12-2.09) I/h drink (n=14)

24 of the 26 players drank the sports drink

Table 3 Sweat electrolyte loss and replacement summary data.
Values are mean + SD and range

Sodium Potassium
Sweat electrolyte content (mmol/l) 30.2+18.8 3.58£0.56
15.5 to 66.3 2.96 to 4.50
Total electrolyte loss (mmol) 67 +37 8£2
26to 129 5to 12
Electrolyte replacement (mmol) 11+8 3.1+2.1
0to 21 0to5.8
Electrolyte replacement (% of loss) ~ 23+2 41+26
0to 62 0to 68

tions in the player physiology. All players were accustomed to
training and playing in the heat, and there were no major differ-
ences between players in their heat exposure in the weeks prior
to the study.

The level of dehydration in these players at the end of the train-
ing session ranged from 0.7% to 3.2% of the pre-training body
mass (Fig. 3). If, as seems likely, players had failed to completely
replace the water and solute losses incurred during the morning
training session, the cumulative fluid deficit would have been
greater than this. At the highest measured levels of hypohydra-
tion, there is little doubt that performance would be reduced
[27] and the risk of heat illness substantially increased [9]. Soc-

Shirreffs SM et al. Sweating Response of Elite Soccer Players ... Int ] Sports Med 2005; 26: 90 - 95

)
T
<
@,
=L
)
Q
<
]
=
)
(o)
=
o
3
w
-,
=
<




v
=
<
&
=
=]
(-]
<
R0
=
=)
(o)
=
m
3
n
-
-
<

Number ot players

1.50- 1.70- 1.90- 2.10- 2.30—- 2.50- 2.70->2.90
1.69 189 209 229 249 269 289

Sweat loss (I)

10
9
8
» 7
2
& 6]
& 5
5 i
5 4
g i
[S 2
= ,
z 3
.
1
0 —
0.00- 0.51- 1.01- 151- 201- 251- >3.00
0.50 1.00 1.50 2.00 2.50 3.00

% dehydration

Fig.3 The distribution of sweat loss during training and % dehydration at the end of training amongst the 26 players.

cer performance is difficult to quantify, but running and cycling
studies have shown that both sprint and endurance exercise per-
formance are adversely affected by dehydration [2,27]. Players in
multiple sprint sports such as soccer are therefore particularly
likely to be affected by sweat loss. Even low levels of dehydration
(about 1% of body mass) are sufficient to impair exercise per-
formance [24]. The present data therefore suggest that some of
these players are either losing only small amounts of sweat or
are consuming sufficient fluid in training to limit the extent of
dehydration that takes place. Others, however, might usefully
be encouraged to increase their fluid intake.

The sweat sodium concentrations in the players tested were
within the normal range [31], but these resulted in a large range
of sweat sodium loss (ranging from 26 up to 129 mmol).
Although the mineral water contains small amounts of sodium,
only a tiny fraction of even the smallest sodium losses can be re-
placed by its sole consumption. Therefore, when sodium replace-
ment is a concern, a sports drink is a better choice of fluid to con-
sume in comparison to mineral water.

Cognitive performance, which is an important aspect of games
such as soccer, is also impaired when severe dehydration and hy-
perthermia are present, but there is limited information avail-
able on the effects of more modest levels of fluid loss. However,
Gopinathan and colleagues [13] showed that performance in a
variety of tests of cognitive function was adversely affected when
the level of dehydration, which was induced by exercise in the
heat, reached 2% of the initial body mass.

Impairment of performance in a soccer-specific skill has been
shown to occur at levels of hypohydration equivalent to 2.4% of
body mass, while fluid ingestion sufficient to maintain a hypohy-
dration at only 1.4% of body mass has been shown to attenuate
this performance decrement [19]. Ingestion of a sports drink dur-
ing a basketball training session at a rate that replaced about 50%
of the mass loss on a no-drink trial (where a 2.9 +0.5% loss was
incurred) has recently been shown to be effective in preserving
free throw scoring performance [33]: ingestion of plain water
was not effective. Similarly, Devlin and colleagues [8] studied
cricket bowling speed and accuracy before and after 1 h of inter-

mittent exercise with (0.5% body mass loss) or without (2.8%
body mass loss) fluid replacement. While dehydration did not af-
fect bowling speed, it had an adverse effect on accuracy of the
bowl.

The decrease in blood volume which results when sweat losses
are large may be a factor in the reduced work capacity: blood
flow to the muscles must be maintained at a high level to supply
oxygen and substrates, but a high blood flow to the skin is also
necessary to convect heat to the body surface. When there is a
high heat stress, and blood volume has been decreased by sweat
loss during prolonged exercise, there may be difficulty in meet-
ing the requirement for a high blood flow to both these tissues
[7]. In this situation, skin blood flow is likely to be compromised,
allowing central venous pressure to be maintained with only
small reductions in muscle blood flow, but reducing heat loss
and causing body temperature to rise. Elevated core tempera-
tures will also contribute to fatigue [12] and dehydration is asso-
ciated with an elevation of core temperature.

The player who became dehydrated by 3.2% over the training
session was by far the heaviest sweater of the squad, losing 3.11
of sweat over the 90 min, equivalent to an average sweat rate
over the 90 min training session of 2.1 1/h. However, he drank less
than 700 ml during training which was significantly less than
many other players in the squad during the same training ses-
sion. This suggests that some of his dehydration was voluntary,
rather than due to limited opportunities to drink during the
training session. An adequate fluid intake before, during and
after exercise can help to avoid the negative effects of dehydra-
tion, but even where awareness exists, appropriate behaviour
does not always follow. Jonnalagadda et al. [14] reported that
90% of their sample of collegiate American football players rec-
ognised the importance of maintaining hydration status, but the
casualty statistics suggest that even top professional players do
not put this into practice.

Replacement of water and salt losses incurred is only one of the
nutritional objectives of the player during training or match play.
The adverse effects of fatigue on performance can also be delayed
or reduced by ingestion of carbohydrate to supplement the
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body’s limited endogenous stores. There are good reasons, there-
fore, to recommend that players should ingest carbohydrate-
containing drinks rather than plain water during exercise. The
rates at which substrate and water can be supplied during exer-
cise are limited by the rates of gastric emptying and intestinal
absorption. It is not clear which of these processes is limiting,
but it is commonly assumed that the rate of gastric emptying will
determine the maximum rates of fluid and substrate availability.
Many factors, including exercise, affect the rate of gastric empty-
ing and this may become a primary limitation to the ability to re-
place fluids [21]. High intensity exercise (above about 70-75% of
maximum oxygen uptake) results in a slowing of emptying, but
exercise at lower intensities has no effect [20]. In studies de-
signed to simulate the exercise pattern in soccer, where there
are frequent short bursts of activity at very high intensities, it
has more recently been shown that there is some slowing of the
gastric emptying rate, which may limit the amount of fluid that
can be replaced [17,18]. The intake of these players may therefore
have been limited to avoid the discomfort associated with accu-
mulation of fluid in the gastrointestinal tract. The solution to the
problem of high fluid losses may not be as simple as just suggest-
ing an increased fluid intake.

Conclusion

It is clear that, on average, these elite soccer players did not drink
sufficient fluid during their training session to replace their
sweat losses and several players incurred substantial fluid defi-
cits. The mean values, however, hide the large inter-individual
differences in both the sweating response and drinking practices
of the players. These measurements allow the soccer club to in-
dividualise the advice and support it gives to players with re-
spect to a hydration strategy to minimise reductions in match
performance and training quality.
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