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RESUMO

SILVA, Rafael Pires da, M.Sc., Universidade Federal de Vigosa,
Junho de 2010. Estudo do equilibrio hidrico de jogadores de futebol em
treinamento e competi¢cao. Orientador: Jodo Carlos Bouzas Marins. Co-
orientadores: Antonio José Natali e Mauricio Gattas Bara Filho.

Esta dissertacdo € composta de trés artigos. No primeiro artigo o
objetivo foi analisar, através de revisdo de literatura, os procedimentos de
reposicao de liquidos adotados por praticantes de atividade fisica e discutir
como o efeito da temperatura do liquido sobre o esvaziamento gastrico
influencia esse comportamento de hidratagdo. Os estudos relacionados ao
tema apresentam resultados conflituosos, que se devem, provavelmente,
aos diferentes procedimentos metodologicos utilizados. Em condigbes de
exercicio, sao insuficientes os trabalhos que avaliam a temperatura do
liquido ingerido no trato gastrintestinal. Durante o repouso, observa-se que
os efeitos de temperaturas extremas, considerando o tempo total de
esvaziamento gastrico, ndo s&o significantes, uma vez que a temperatura
intragastrica apos a ingestdo da bebida normaliza-se rapidamente. Contudo,
existem evidéncias de que o consumo de bebidas geladas aumenta o
esvaziamento gastrico nos primeiros minutos apés a ingestdo. Este fato
deve ser melhor estudado, quando associado a outros fatores pré-
competicdo, como o estado psicologico do atleta. Entretanto, baixas
temperaturas melhoram a palatabilidade da solugédo, implicando em maior
acao de hidratacao pelos atletas, diminuindo o risco de desidratacao.
Conclui-se que os efeitos da baixa temperatura sobre o esvaziamento
gastrico ndo s&do determinantes, tendo a reposi¢cado de liquidos fatores de
intervengao mais relevantes do que a temperatura. No segundo artigo
investigou-se o estado de hidratagédo pré-treino, o consumo de liquidos e a
perda de suor de 20 atletas de futebol masculino em trés dias consecutivos
de treinamento. (Média * desvio padrdo: idade, 17,2 + 0,5 anos; estatura,
1,76 £ 0,05 m; massa corporal, 69,9 £ 6,0 kg; indice de massa corporal, 21,2
+ 3,5 kg/m?). A gravidade especifica da urina (GEU) e a variacdo da massa
corporal foram aferidas antes e apds os treinos para estimar o estado de
hidratagdo dos atletas. Também foram avaliados o volume de agua ingerido
e a urina produzida. Antes de cada dia de treino, os atletas estavam

hipohidratados (GEU > 1.020) e o consumo de agua durante os treinos

Xi



dificilmente era equivalente ao volume de liquido perdido pelo suor. Estava
mais quente no primeiro dia de treino (31,5 £ 2,3°C e 43,4 * 3,2% umidade
relativa) e o suor produzido (2822 + 530 mL) bem como o volume ingerido
(1607 £ 460 mL) foram significativamente maiores do que nos outros dias.
Os resultados revelaram também uma grande variabilidade na produgéo de
suor entre os jogadores e uma correlagao significante entre o suor produzido
e o volume de liquido ingerido (> = 0.560 p = 0.010, dia 1; r* = 0.445 p =
0.049, dia 2; r* = 0.743 p = 0.0001, dia 3). Conclui-se que a perda de liquidos
pelo suor pode ser substancial em adolescentes que treinam futebol
regularmente. Sugere-se aprimorar a percepc¢édo individual da perda de
liguido pelo suor dos atletas a fim de evitar quadros de desidratagéo
voluntaria, bem como educar os jogadores a respeito da importancia da
hidratagdo antes de treinamento. E no terceiro artigo o objetivo foi avaliar o
estado de hidratagédo pré-competicdo e o equilibrio hidrico de jogadores de
futebol durante uma partida em temperatura ambiente de 28°C (umidade
relativa 45-55%). Foram mensurados o consumo de agua e bebida esportiva
e o0 volume de urina produzido. A gravidade especifica da urina (GEU) e a
variagdo da massa corporal foram aferidas antes e apds o jogo para estimar
o nivel de hidratagdo dos atletas. Os dados foram obtidos de 15 jogadores
de futebol masculino (idade, 17 anos; estatura, 178 cm; massa corporal, 69,4
kg; indice de massa corporal, 20,1 + 2,3 kg/mz; superficie de area corporal,
1,86 m?). Entretanto, como um jogador foi expulso durante a partida, os
resultados apresentados sao dos 10 jogadores que jogaram toda a partida e
de 4 jogadores substitutos que nao estiveram presentes em nenhum
momento da partida. A média + desvio padrao da producdo de suor dos
jogadores correspondeu a 2,24 + 0,63 L e o volume de liquido ingerido foi de
1,12 £ 0,39 L (n = 10). Os valores correspondentes aos jogadores
substitutos foram de 0,61 + 0,12 L € 0,50 £ 0,10 L (n = 4). A GEU antes da
partida (1020 £ 0,004) foi significativamente diferente dos valores pds jogo
(1016 £ 0.004). Os dados mostram uma grande variabilidade no suor
produzido e na ingestdo de liquidos entre os jogadores durante a partida. A
hidratacdo ainda é um desafio para certos atletas e educar todos os
jogadores a respeito dos procedimentos de hidratacdo se revela
extremamente importante.

xii



ABSTRACT

SILVA, Rafael Pires da, M.Sc., Universidade Federal de Vigosa, June, 2010.
Fluid balance of soccer players during training and competition.
Adviser: Joao Carlos Bouzas Marins. Co-advisers: Anténio José Natali e
Mauricio Gattas Bara Filho.

The present dissertation is composed of three articles. The objective in
the first article was to assess, through literature review, the fluid replacement
practices used by individuals who practice physical activities and discuss
how the effect of liquid temperature on gastric emptying influences this
hydrating behavior. Studies on the theme have found contradicting results,
probably due to the different methods used. The studies that investigate
liquid temperature in the gastrointestinal tract during exercise are limited.
Considering the total gastric emptying time during rest, extreme liquid
temperatures have no significant effect on the total gastric emptying time,
since the temperature inside the stomach normalizes quickly after ingestion
of the liquid. However, there are evidences that the ingestion of ice-cold
liquids increases gastric emptying in the first minutes after ingestion. This fact
needs to be better investigated when it is associated with other pre-
competition factors, such as the psychological state of the athlete. However,
low temperatures improve the palatability of the drink, implying in greater
consumption by the athletes and reducing the risk of dehydration. In
summary, the effects of low temperature on gastric emptying are not
decisive, since fluid replacement has intervention factors that are more
relevant than temperature. In the second article it was investigated the pre-
training hydration status, fluid intake and sweat loss of 20 elite male Brazilian
adolescent soccer players (mean £ SD age, 17.2 + 0.5 years; height, 1.76 £
0.05 m; body mass, 69.9 + 6.0 kg; body mass index, 21,2 + 3,5 kg/m?) on
three consecutive days of typical training. Urine specific gravity (USG) and
body mass changes were evaluated before and after training sessions to
estimate hydration status. Water consumption and urine output were also
recorded. Players began the days of training mildly hypohydrated (USG >
1.020) and fluid intake hardly matched fluid losses. It was warmer on day 1
(31.5 £ 2.3°C and 43.4 + 3.2% relative humidity) and total estimated sweat
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losses (2822 + 530 mL) and fluid intake (1607 + 460 mL) were significantly
higher than those of days two and three. Data also indicate considerable
variability in sweat losses between players and there was a significant
correlation between the extent of sweat loss and the volume of fluid
consumed (r* = 0.560 p = 0.010, day 1; r* = 0.445 p = 0.049, day 2; r* =
0.743 p = 0.0001, day 3). We conclude that sweat losses can be substantial
in young soccer players. It is suggested that enhancing athletes’ self-
perception of sweat loss via training may avoid voluntary dehydration, whilst
efforts aimed at educating players about the importance of pre-game
hydration must be emphasized. And in the third article it was investigated the
pre-game hydration status and fluid balance in players engaged in a Brazilian
competitive soccer match played at a temperature of 28°C (relative humidity
45-55%). Intake of water and sports drink and urine output were recorded.
Urine specific gravity (USG) and body mass changes were evaluated before
and after the game to estimate hydration status. Data were obtained from 15
male players (age: 17 years, height: 178 cm, body mass: 69.4 kg, body mass
index, 20,1 + 2,3 kg/m? body surface area: 1.86 m2) where 10 players
performed the full-time game and 4 substitutes who did not play. Mean £ SD
sweat loss of players amounted to 2.24 + 0.63 L, and mean fluid intake was
1.12 £ 0.39 L (n = 10). Corresponding values for substitutes were 0.61 + 0.12
L and 0.50 £ 0.10 L (n = 4). Pre-game USG was 1020 + 0.004 and was
statistically different (P < 0.05) from the post-game USG (1016 + 0.004). The
data show a large inter-individual variability in sweat losses and drinking
behavior between young soccer players while under competitive match-play
conditions. Fluid replacement remains a challenge for certain athletes whilst
educating all players about the importance of pre-game hydration is

important.
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INTRODUGAO GERAL

A ingestdo de liquidos durante o exercicio minimiza o desequilibrio
hidrico causado pela perda dos fluidos corporais no suor, evitando o
desenvolvimento de quadros de desidratagcao (Marins et al. 2000). Atletas
tém sido encorajados a ingerir liquidos durante a atividade fisica, afim de
ndo permitir diferengas superiores a 2% da massa corporal, onde seriam
observadas alteragdes importantes na homeostase hidrica, como aumento
da temperatura interna, elevacdo da frequéncia cardiaca e percepgao do
esforgo (Casa, 2000).

A magnitude da produgao de suor, entretanto, € influenciada dentre
outros fatores, pelo tipo e intensidade do exercicio, condicdbes ambientais,
nivel de condicionamento, aclimatagéo e vestimenta utilizada (ACSM, 2007).
Isso faz com que haja uma grande variabilidade entre os sujeitos e as
modalidades, sendo recomendado que os atletas se hidratem ad libitum nos
momentos em que a modalidade permitir, tomando como referéncia a
quantidade de liquido perdida no suor (ACSM, 2007).

A eficiéncia da hidratagdo, entretanto, depende também da
velocidade do esvaziamento gastrico. E neste contexto, ha questionamentos
remanescentes em relacdo a influéncia da temperatura do liquido utilizada
para reposicao hidrica e que, consequentemente, interfere nos habitos e
procedimentos de hidratagdo adotados por atletas e praticantes de atividade
fisica.

Estudos verificaram que atletas ndo ingerem liquidos suficientes para
repor a quantidade que foi perdida, mesmo quando o acesso ao liquido e a
oportunidade de ingestdo s&o facilitados (Passe et al. 2007), ocorrendo
entdo em um processo denominado de “desidratagao voluntaria”. As razoes
que levam a essa desidratagao voluntaria, ainda ndo estdo complemente
esclarecidas, mas podem ocorrer tanto pela baixa palatabilidade da solugao
ingerida, como pelo desconhecimento dos atletas em relagdo aos
procedimentos de hidratagao (Silva et al. 2009; Ferreira et al. 2009).

O futebol tem como caracteristica uma alta exigéncia aerdbica, com
aumento da temperatura interna e consequentemente uma alta produgao de

suor (Shirreffs et al. 2006). A natureza da modalidade faz com que os atletas
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sejam submetidos a condigbes ambientais extremamente variadas, o que
juntamente com o tipo de vestimenta utilizada e o tipo de atividade (treino ou
competicdo) tem impacto diferenciado na sudorese e por sua vez no
equilibrio hidrico. Além disso, a composicdo de suas regras nao permite
intervalos regulares durante a partida, como em outras modalidades, logo,
as oportunidades de reposicdo de liquido também sao limitadas. Situagdes
de intervalos curtos entre sessdes de treinamento, dieta equivocada,
desinformagdo ou ma orientagdo da comissao técnica, fazem com que o
atleta ja inicie a pratica de atividade fisica com déficits nos niveis de
hidratagcdo (Maughan et al. 2007), pondo em risco o desempenho e a saude
dos atletas.

Diversos estudos que investigaram o equilibrio hidrico durante o
exercicio observaram que grande parte dos atletas inicia a pratica esportiva
com niveis n&o satisfatorios de hidratacao (Osterberg et al. 2009). Maughan
et al. (2005) Observaram que esse desequilibrio inicial tem levado os atletas
de futebol a ingerirem mais liquidos durante o exercicio afim de compensar
essa desidratagdo inicial. Esse consumo elevado, dependendo de como
administrado e da familiaridade do sujeito com o volume pode agravar
problemas de desconforto gastrico, desde dores abdominais até nausea e
vomitos, sintomas que sao incompativeis com a pratica esportiva (Silva et al.
2009).

A maioria desses estudos, entretanto, investigou atletas de futebol
masculino em idade adulta. S&do poucos os trabalhos que analisaram a
proporg¢ao desse balango hidrico em atletas jovens (Mao et al. 2001; Broad,
et al. 1996). O numero de sujeitos envolvidos na amostra, se mostra também
limitado, o que impede comparagdes estatisticas relevantes. A caréncia de
estudos direcionados a atletas mais jovens faz com que resultados
encontrados para os adultos, sejam aplicados aos adolescentes, o que
demanda a necessidade de se conhecer como se caracteriza os
procedimentos de hidratacdo também nesse publico tanto em treinamento

como em competigao.



OBJETIVOS

OBJETIVO GERAL

Analisar o efeito da temperatura do liquido sobre o esvaziamento gastrico
em exercicio, assim como investigar a variagdo do balang¢o hidrico em

jogadores de futebol em situagao de treinamento e competigéo.

OBJETIVOS ESPECIFICOS

Esta dissertagdo foi estruturada em trés objetivos especificos, os quais
norteiam o delineamento de trés artigos distintos, organizados da seguinte

forma:

(i) analisar criticamente os procedimentos de reposig¢ao de liquidos adotados
por praticantes de atividade fisica e discutir como o efeito da temperatura do
liquido sobre o esvaziamento gastrico influencia esse comportamento de

hidratacao.

(i) investigar o estado de hidratagdo inicial, o suor produzido e o volume de
liquido ingerido por atletas de futebol masculino (Sub-17) durante sessdes

consecutivas de treinamento.

(iii) investigar o estado de hidratagao inicial, o suor produzido e o volume de
liquido ingerido por atletas de futebol masculino (Sub-17) durante uma

partida em uma competicdo oficial.
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RESUMO

A pratica de atividade fisica implica em alteragdes da homeostase
hidroeletrolitica, que podem trazer impactos adversos ao desempenho do
individuo e, talvez, a saude, caso os liquidos corporais perdidos no suor nao
sejam suficientemente repostos. A eficiéncia da hidratagdo depende também
do esvaziamento gastrico, que, por sua vez, é influenciado por varios
fatores, dentre os quais a temperatura da solugédo ingerida. Este estudo
objetivou realizar uma revisdo critica e sistematica acerca dos
procedimentos de reposicdo de liquidos adotados por praticantes de
atividade fisica e discutir como o efeito da temperatura do liquido sobre o
esvaziamento gastrico influencia esse comportamento de hidratagdo. Os
estudos relacionados ao tema apresentam resultados conflituosos, que se
devem, provavelmente, aos diferentes procedimentos metodoldgicos
utilizados. Em condi¢cdes de exercicio, sao insuficientes os trabalhos que
avaliam a temperatura do liquido no trato gastrintestinal. Durante o repouso,
observa-se que os efeitos de temperaturas extremas, considerando o tempo
total de esvaziamento gastrico, ndo sao significantes, uma vez que a
temperatura intragastrica apdés a ingestdo da bebida normaliza-se
rapidamente. Contudo, existem evidéncias de que o consumo de bebidas
geladas aumenta o esvaziamento gastrico nos primeiros minutos apos a
ingestédo. Este fato deve ser melhor estudado, quando associado a outros
fatores pré-competicdo, como o estado psicolégico do atleta. Entretanto,
baixas temperaturas melhoram a palatabilidade da solug&o, implicando em
maior agao de hidratagcdo pelos atletas, diminuindo o risco de desidratagao.
Conclui-se que os efeitos da baixa temperatura sobre o esvaziamento
gastrico ndo sédo determinantes, tendo a reposi¢cado de liquidos fatores de

intervengao mais relevantes do que a temperatura.

Termos de indexagao: Esvaziamento gastrico. Exercicio. Hidratagao.



ABSTRACT

Physical activity implies in changes to the water and electrolyte
homeostasis which may result in adverse effects on performance and
possibly on health if the body liquids lost by sweating are not completely
replaced. Hydration efficiency also depends on gastric emptying, which is
affected by several factors, including the temperature of the ingested liquid.
The objective of this study was to assess the fluid replacement practices
used by individuals who practice physical activities and discuss how the
effect of liquid temperature on gastric emptying influences this hydrating
behavior. Studies on the theme have found contradicting results, probably
due to the different methods used. The studies that investigate liquid
temperature in the gastrointestinal tract during exercise are limited.
Considering the total gastric emptying time during rest, extreme liquid
temperatures have no significant effect on the total gastric emptying time,
since the temperature inside the stomach normalizes quickly after ingestion
of the liquid. However, there are evidences that the ingestion of ice-cold
liquids increases gastric emptying in the first minutes after ingestion. This fact
needs to be better investigated when it is associated with other pre-
competition factors, such as the psychological state of the athlete. However,
low temperatures improve the palatability of the drink, implying in greater
consumption by the athletes and reducing the risk of dehydration. In
conclusion, the effects of low temperature on gastric emptying are not
decisive, since fluid replacement has intervention factors that are more

relevant than temperature.

Indexing terms: Gastric emptying. Exercise. Fluid therapy.



INTRODUGAO

A pratica de atividade fisica expde o individuo a elevagdo da
temperatura corporal, que é mediada, entre outros fatores, pelo gasto
energeético, pelas condigbes ambientais e pelo tipo de vestimenta utilizada’.
A liberagcdo desse calor produzido se da, primeiramente, através da
evaporagao do suor sobre a pele, o que atribui a sudorese um papel
fundamental na manutencao do equilibrio homeostatico durante o exercicio?.

O suor contém agua e eletrolitos que, se ndo forem apropriadamente
repostos, podem favorecer o desenvolvimento de quadros de desidratacéo e
hiponatremia, refletindo em prejuizos ao rendimento e até mesmo a saude®.
A desidratacao, porém, é o disturbio eletrolitico mais comum, podendo ser
observado a partir de uma reducdo de, aproximadamente, 2% do peso
corporal, resultando em aumento da temperatura interna, da frequéncia
cardiaca e da percepgao de esforco, principalmente se a atividade se
realizar sob forte calor**. Uma hidratacdo adequada com agua e eletrdlitos
antes, durante e apds o treinamento e a competicdo torna-se, portanto,
fundamental ao desempenho®.

Em atividades com caracteristicas predominantemente aerdbicas,
sobretudo aquelas com duragdo superior a uma hora, a ingestao de
pequenas quantidades de carboidrato durante o exercicio € também
importante para manutencdo da glicemia e dos estoques de glicogénio
muscular em niveis necessarios ao retardo da fadiga e a melhora do
desempenho, isto é, favorecendo o aumento da intensidade ou a extensao
do esforgo®®.

A hidratagdo eficiente garante condicdo ideal para que o atleta
mantenha sua capacidade fisica, ajudando na homeostase hidroeletrolitica,
além de fornecer energia, sendo isso fundamental quanto maior for o tempo
de exercicio. Contudo, para que o carboidrato ingerido esteja disponivel
como fonte de energia, o liquido precisa, primeiramente, passar pelo
estdbmago e ser absorvido no intestino, ou seja, o efetivo aproveitamento do
liquido consumido vai depender da velocidade do efluxo géstricog. Dessa

forma, o esvaziamento gastrico é considerado um dos mais importantes



fatores para determinar a disponibilidade e, portanto, a eficacia de uma
bebida ingerida’®'",

O esvaziamento gastrico é influenciado durante o exercicio por varios
fatores, dos quais os mais importantes sdo: a) conteudo energético da

solugdo'®; b) osmolaridade™™; ¢) volume de liquido ingerido™®; d)

intensidade e tipo do exercicio'”'®': sendo controversa a influéncia do tipo
de exercicio®®; e) pH da solugdo?"; f) nivel de desidratacdo’; g) temperatura

do liquido®?’

. Entretanto, a influéncia da temperatura do liquido, como
elemento potencializador ou inibidor do esvaziamento gastrico, vem sendo
questionada’®.

Os resultados sdo ainda mais limitados, quando se considera a
influéncia da temperatura do liquido sobre o esvaziamento gastrico em
condigdes de exercicio. As posigdes antagdnicas acerca da influéncia da
temperatura baixa do liquido consumido sobre o esvaziamento gastrico
geram questionamentos sobre a forma correta de orientar os praticantes de
exercicios fisicos sobre como proceder durante o planejamento de
hidratacao.

Frente as muitas informagdes e as duvidas existentes sobre o tema, o
objetivo deste estudo de revisao foi analisar os procedimentos de reposig¢ao
de liquidos adotados por praticantes de atividade fisica e discutir como o
efeito da temperatura do liquido sobre o esvaziamento gastrico influencia
esse comportamento de hidratagéo.

METODOLOGIA

Para alcangar os objetivos deste estudo foi redigida revisdo apoiada
em literatura cientifica publicada no periodo de 1968 a 2007, na base de
dados Medline/PubMed, via  National  Library  of  Medicine
(www.pubmed.com), utilizando-se os termos gastric emptying, gastric
temperature, fluid replacement, exercise, hydration, dehydration, assim como
na base de dados SciELO (www.scielo.br), com os descritores esvaziamento

gastrico, temperatura gastrica, exercicio, hidratagéo e desidratagao.



PANORAMA ATUAL E IMPLICAGOES METODOLOGICAS

Diferentes métodos sdo empregados para o estudo do esvaziamento
gastrico, os quais apresentam em sua extensdo, vantagens e limitagdes.
Dentre as técnicas nao-invasivas, destacam-se a ultra-sonografia e a
cintilografia, sendo esta ultima considerada o padrdo ouro em analises
clinicas desse tipo'®??. No entanto, o posicionamento estavel que se deve
assumir em testes dessa natureza torna sua aplicagdo durante o exercicio
inviavel, além do risco de expor o sujeito a radiagdo .

Os métodos utilizados durante o exercicio sdo mais invasivos e
envolvem o processo de intubagao gastrica. Primeiramente, esta técnica
fornece apenas o valor do volume gastrico residual obtido apdés um
determinado tempo?. Isso gera um problema, pois, para que se tenha uma
curva da resposta do individuo, € necessaria a realizagao de varios testes no
sujeito. Em razdo de um mesmo individuo apresentar variagbes no
esvaziamento gastrico em dias diferentes, foi desenvolvida uma técnica que
permite multiplas afericdes durante o mesmo teste, proporcionando
resultados mais completos”. A double sampling intubation technique € um
procedimento mais fidedigno, com boa reprodutibilidadezs, e também o mais
utilizado atualmente em condi¢cdes de exercicio. Contudo, nem todas as
pessoas se adaptam, além do fato de possuir todas as outras limitagcoes de
um teste invasivo.

O [®°C]- acetate breath test envolve a utilizagdo de isétopos estaveis.
E outra técnica ndo-invasiva e tem se mostrado promissora e eficaz, quando

usada em situagdes de exercicio. Van Nieuwenhoven et al.?

, que validaram
a técnica, encontraram correlagao significante entre os valores Time-to-peak
’CO, enrichment de esvaziamento gastrico com os resultados Gastric
emptying half- time apresentados pela técnica de intubagédo. No entanto, o
teste apresentou a desvantagem de ser influenciado pelo tempo de
absorcao, pela taxa de oxidagdo e exalacdo do CO,, ou seja, € possivel,
com a aplicagdo da técnica, afirmar se o esvaziamento gastrico reduz em
determinada condicdo, mas € ineficaz para quantificar precisamente essa

reducdo em termos de volume®.
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As investigacbes envolvendo a temperatura do liquido e o
esvaziamento gastrico perderam evidéncia no cenario cientifico a partir da
segunda metade dos anos 90, o que impede a formagdo de um consenso
sobre o real grau de influéncia da temperatura da bebida sobre a quantidade
de fluido que é liberado para o intestino para ser absorvido®’%.

Estudos que serdo analisados a seguir encontraram resultados
importantes no que se refere ao esvaziamento gastrico e a temperatura das
bebidas. Tais resultados demasiadamente divergentes permitiram a
formacédo de duas linhas distintas de pensamento: uma dos que acreditam
haver interferéncia significativa da temperatura do liquido sobre o trato
gastrintestinal e outra que apdia a irrelevancia desses efeitos. Essas
informagdes inconclusas e contraditérias se devem, provavelmente, aos
diferentes procedimentos metodoldgicos utilizados, que, obviamente,
dependendo da subjetividade ou do quao invasivos forem, vao apresentar
resultados diferenciados. Outra possibilidade € quanto as diferengas na
temperatura e no volume do liquido escolhido em cada estudo, tendo em
vista que o volume da bebida influencia significativamente o esvaziamento
géstrico15, 0 que pode mascarar os possiveis efeitos da temperatura. Da
mesma forma, a escolha de diferentes faixas de temperaturas, que inclui

valores extremos, pode também ter gerado resultados adversos.

INFLUENCIA DA TEMPERATURA DO LIiQUIDO NO ESVAZIAMENTO
GASTRICO

Estudos Favoraveis

Um estudo de referéncia classica, que relata uma possivel agado da
temperatura sobre o trato gastrintestinal durante o exercicio, foi realizado por
Costill & Saltin?!, no qual se postulou que solugdes mais frias, com
temperatura em torno de 5°C, se esvaziavam mais rapidamente do que uma
solugéo a temperatura de 35°C. Ou seja, o esvaziamento gastrico diminuiria
a medida que a temperatura do liquido se elevasse®. Seguindo esse mesmo
conceito, publicacbes posteriores apenas reproduziam essa concepgao, sem
se apoiar em estudos mais aprofundados e realmente comprovadores. Além
disso, grande parte dos trabalhos que enfocaram essa tematica foi realizada
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em condicées de repouso. A partir das afirmacdes de Costill & Saltin?’,
dificiilmente se encontra ao alcance do cenario cientifico internacional o
registro de outras investigacbes feitas em condigcbes de exercicio que
abordem e confirmem essa tendéncia.

Estudos conduzidos com os avaliados em estado de repouso néo sé
contradizem essa idéia, como ampliam o universo de discussdo. A frente de

um desses achados, Sun et al.?®

concluiram que a bebida fria retardava
significativamente o fluxo gastrico. As temperaturas das solugdes utilizadas
no estudo variavam de 4°C a 50°C, com a bebida controle a 37°C. Sessenta
segundos apos a ingestdo da bebida a 50° foi registrada a maior
temperatura intragastrica (43°C), enquanto a menor (21,2°C) ocorreu 45
segundos apdés a ingestao da bebida mais fria.

A temperatura intragastrica retornou a temperatura corporal 20-30
minutos apos a ingestdao de ambos os liquidos, o que indica efeito da agéo
térmica no esvaziamento gastrico somente em um primeiro momento até
esse tempo. Tanto a bebida quente como a fria demoraram mais tempo a
passar pelo estbmago dos avaliados do que a bebida controle (37°C).
Porém, somente foi verificada diferenga significativa na inibigdo quando os
valores da temperatura intragastrica foram menores, pela agdo do liquido
mais frio.

Outro estudo, também investigando individuos em estado de repouso,
mostrou significante retencdo gastrica para o liquido de temperatura mais
baixa (4°C), que, possivelmente, se relacionava a redug¢ao dos peristaltismos
gastricos®®. Macedo et al.*' também verificaram que a administracdo de
agua gelada em sujeitos em repouso inibia o efluxo rapido de agua do
estdbmago, porém nao observaram efeitos inibitorios cumulativos, quando
ofereceram uma quantidade de agua, seguida cinco minutos depois por
outra, com temperatura mais baixa ou mais elevada que a primeira.

Foi possivel verificar, em mais dois outros trabalhos®**, ao serem
utilizados procedimentos metodolégicos semelhantes, que o corpo em
repouso, quando submetido a estresse térmico de baixa temperatura, tem o
esvaziamento gastrico do liquido significativamente retardado. Esse estresse
era estabelecido com sucessivas imersdes continuas de um minuto da mao
nao-dominante dos voluntarios em agua a 4°C, com intervalos de 15
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segundos a cada imersao, em um tempo total de 20 minutos. A aplicagéo do
procedimento anterior teria levado a uma série de modificacbes na
organizacdo do sistema nervoso entérico, influenciando principalmente as
alteragbes na propagacao das ondas de pressao do antro, do piloro e do
duodeno®. Essas mudancas na mobilidade duodenal e pilérica, portanto,
favoreceram o retardo do esvaziamento gastrico quando o corpo teve
contato com temperaturas baixas.

Ao analisarem o esvaziamento gastrico em repouso apés 0 consumo
de 500 ml de uma bebida carboidratada a 5% em quatro temperaturas
diferentes (4°C, 20°C, 37 °C e 55°C), Troncon & lazigi*® verificaram que a
temperatura elevada da bebida também poderia interferir no sistema
gastrico. Em comparagdo ao liquido a 37°C, o esvaziamento gastrico foi
lento tanto, quando se consumiu o liquido a 4°C quanto a 55°C, porém foi
estatisticamente significante somente para o ultimo.

Os resultados, portanto, claramente divergentes, mostram que tanto
bebidas mais quentes ou mais frias do que a temperatura corporal podem
afetar o esvaziamento gastrico, inibindo-o. Essa inibicdo se daria,
principalmente, por alteragcbes na organizagdo da pressdo das ondas
antropildricas e do estimulo das ondas de presséo isoladas do piloro36.
Sabe-se que o sistema nervoso entérico, por meio de sua complexa rede de
receptores e horménios, tem importante papel na regulagdo do
esvaziamento gastrico®’, no entanto, ndo ha como afirmar, seguramente, o
processo pelo qual a temperatura alta ou baixa do liquido afetaria essa
atividade nervosa.

Pode-se concluir, ainda, que seja simplesmente problematica
qualquer tentativa de reprodutibilidade desses resultados ou procedimentos
metodologicos na condicdo de exercicio. Mesmo tendo em vista as
indicagdes de que nao existe diferenca significativa entre o esvaziamento
gastrico em repouso frente a uma condi¢cdo de exercicio a uma intensidade

de até 75% do consumo maximo de oxigénio (VOmax)'®

, as condicdes
fisioloégicas durante o exercicio implicam no aumento da temperatura central,
incluindo a temperatura de todo o trato gastrico. Somente esse fator ja é
suficiente para promover redugdao da diferenca de temperatura entre o
liquido e as paredes estomacais. Desde o primeiro momento de contato com
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a boca até a chegada no estdbmago, o liquido fara uma troca constante de
temperatura, sendo extremamente improvavel que atinja o centro do
estdbmago a mesma temperatura da ingestao, vindo ainda influir, acelerando
ou atrasando o esvaziamento gastrico. Outro elemento que torna dificil a
comparagao entre os estudos de esvaziamento gastrico em condi¢cdes de
repouso e em exercicio € o fator comportamental. Dificilmente se adequaria
a realidade a existéncia de um atleta fazendo uso de uma bebida a 55°C e
competindo em condicbes de extremo calor. Da mesma forma, haveria
dificuldades em fazer com que um atleta que se exercita sob as baixas
temperaturas dos invernos rigorosos, como os da Europa, se habituasse a
ingerir liquidos a 4°C.

Mesmo diante de condicbes ambientais extremas, combinadas a
utilizagcao dessas altas margens de temperatura, fosse registrado significante
aumento do efluxo gastrico, que reproduzisse uma grande vantagem para o
atleta, é necessario enfatizar que o esvaziamento gastrico € somente a uma
das etapas do processo de hidratacéo. Fica a cargo do intestino a absorgao
de todo o fluido que deixa o estbmago e passa ao duodeno. O liquido
precisa, também, ser absorvido na luz intestinal para uma hidratacao eficaz,
isto é, para que agua e minerais sejam repostos e que o carboidrato esteja
disponivel na corrente sanguinea para oxidagao. Portanto, ndo se traduz em
vantagem aumentar em demasia o efluxo gastrico, se a absorgao intestinal

nao se revela da mesma forma eficiente.

Estudos Contrarios

Alguns pesquisadores nao atribuem um papel importante a
temperatura do liquido no esvaziamento gastrico, ou os seus efeitos
relacionados seriam minimamente influenciadores'®?®. McArthur &
Feldman® nao encontraram, em repouso, diferenca na taxa de
esvaziamento gastrico de uma solugéo em trés temperaturas distintas (58°C,
37°C, e 4°C), verificando o retorno da temperatura intragastrica aos valores
normais 16,7 e 23,8 minutos apds a ingestdo da bebida mais quente e da
mais fria, respectivamente.

Bateman®® analisou o comportamento gastrico de oito sujeitos em
repouso, durante 60 minutos apos ingestdo de 200 ou 500 ml de liquido, ora
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a 12°C, ora a 37°C, e, também constatou que o esvaziamento gastrico foi
ligeiramente maior somente nos primeiros minutos depois da ingestdo da
bebida mais fria, ndo havendo interferéncias significativas posteriores. Os
resultados deste estudo revelam, ainda, dados extremos e altos valores de
desvio-padréo, o que chama a atengao para uma consideravel relevancia
das caracteristicas individuais dos sujeitos, no que se refere a qualidade do
esvaziamento gastrico para liquidos em diferentes temperaturas.

Resultados semelhantes foram discutidos por Shi et al.?®, ao
analisarem os efeitos do consumo de 481 ml de bebida carboidratada
contendo frutose, glicose, sacarose ou sacarose + frutose, em temperatura
de 12°C, sobre o esvaziamento gastrico durante o repouso. Um minuto
depois da ingestdo da bebida, a temperatura intragastrica caiu
consideravelmente e retornou para 30°C cinco minutos apos. Depois de 20
minutos, os niveis térmicos corporais ja estavam praticamente préximos da
normalidade. Esses resultados podem ser mais bem observados Na Figura
1.
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Figura 1. Variacdes na temperatura gastrica de individuos em
repouso (N=8) apds a ingestio de solugdes contendo
frutose (F), glicose (G), sacarose (5) ou glicose e frutose
{GF).

Fonte: Adaptado de Shi ef al. =

Os resultados mostraram que a taxa de esvaziamento gastrico foi um

pouco mais elevada, porém né&o significativa, nos primeiros 10 minutos do
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que durante os 20 e 30 minutos seguintes, quando a temperatura
intragastrica estava quase préxima do normal. Além disso, o declinio
posterior da taxa de esvaziamento gastrico, aparentemente, se relacionou
mais com a queda do volume gastrico do que com a temperatura, ou seja, o
volume gastrico seria mais importante do que a temperatura da bebida para
efeito regulador do esvaziamento gastrico®.

A partir dos dados anteriormente apresentados, pode-se dizer, entao,
que o liquido em temperatura mais baixa teria um minimo efeito sobre o
esvaziamento gastrico. Essa agdo se daria somente nos primeiros minutos
da ingestdo, enquanto a temperatura intragastrica é significativamente baixa
para proporcionar alguma alteracdo®. No entanto, outros fatores
intervenientes no controle gastrico podem inibir uma possivel agcdo da
temperatura do liquido, como € o caso do volume.

Em situagdes pré-exercicio, como nos minutos que antecedem uma
largada na maratona, ou a concentragao no vestiario antes de uma partida
de futebol, o atleta, na maioria das vezes, se apresenta nervoso, com niveis
elevados de tensdo e ansiedade, o que tem acdo direta sobre o
esvaziamento gastrico, retardando-0'®. Seria, portanto, interessante que a
bebida utilizada nesses momentos, que tem como objetivo a manutengao
dos niveis glicémicos e a preservagao do glicogénio muscular, ndo fosse
administrada em temperaturas extremas, para que o esvaziamento gastrico
ndo sofresse simultaneamente, acdo de dois agentes intervenientes: o
estresse do atleta pré-competicdo e a temperatura do liquido. Mesmo que os
efeitos da temperatura sejam minimos e transitérios, quando associado a
outro fator, como o estado emocional do atleta, podem ser prejudiciais. No
entanto, é necessario ressaltar a grande participacdo das caracteristicas
individuais em todo esse processo, 0 que torna importante o treinamento
desse tipo de acdo antes do dia da competigcao, permitindo, assim, testar
qual é a temperatura da bebida que ira realmente trazer vantagens ou
desvantagens para determinado atleta.

Nota-se, entretanto, claramente a caréncia de confiabilidade nos
estudos conduzidos durante o exercicio e que tém como foco principal a
analise da temperatura da solucdo de hidratacdo sobre o trato
gastrintestinal. Brouns'®, discorrendo sobre os diversos fatores que

16



interferem no esvaziamento gastrico durante o exercicio, posicionou-se
contra a idéia de uma possivel agédo significante da temperatura sobre o
esvaziamento gastrico. No mesmo estudo, os atletas sdo aconselhados a
ajustarem a temperatura do liquido de acordo com a preferéncia e tolerancia
individual. Ressalta-se, também, que as bebidas geladas podem né&o trazer
beneficios ao esvaziamento gastrico, mas colaborar na retirada do calor do
corpo, e que, ao contrario, quando o exercicio se der em temperaturas mais
baixas, as bebidas com temperatura um pouco mais elevada sejam mais

indicadas, por também oferecerem beneficios termorregulativos.
TEMPERATURA DO LiQUIDO NA RELAGAO COM A PALATABILIDADE

A temperatura do liquido se relaciona fortemente as estratégias de
hidratagdo, uma vez que também é fator responsavel pelo aumento da
palatabilidade1. Em comparacdo com uma bebida em temperatura ambiente,
a bebida mais fria, entre 6° e 22°C, se torna mais palatavel em situacao de
exercicio, sobretudo se a atividade estiver sendo realizada no calor*’. Esse
aumento da palatabilidade pela temperatura presume que a bebida mais
refrigerada tende a ser consumida em maiores quantidades durante o

exercicio®*'

, 0 que incide sobre uma também maior e melhor taxa de
hidratagdo, resultando, assim, na diminuigdo dos efeitos nocivos da
desidratacgdo.

Promover maior consumo de liquidos por parte dos atletas se torna,
de certa forma, interessante, uma vez que o controle dos liquidos corporais
nem sempre é possivel, ja que os atletas, frequentemente, se hidratam com
quantidade muito abaixo da capacidade de esvaziamento gastrico, que pode
chegar a 1 litro por hora*?*.

O nivel de conhecimento e a caracterizacdo das praticas de
hidratacdo de atletas de diferentes modalidades tem sido investigado*+*®.
Dos 135 caratecas observados em estudo, apenas 53,13% utilizavam algum
tipo de liquido na competicao, e 47,06% durante o periodo de treinamento,
no qual a perda hidrica é mais consideravel nessa modalidade®. Com base
nas recomendacbdes do Colégio Americano de Medicina do Esporte42
(ACSM), Brito & Marins*® identificaram que os procedimentos de hidratagdo
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adotados por judocas também ndo eram adequados, sendo, ainda, que a
maior parte dos atletas, nunca teve nenhum tipo de orientagao técnica sobre
0 assunto.

A situacdo de pouca reposicao liquida também foi observada em
14,3% dos maratonistas brasileiros, que responderam nao ter o costume de
se hidratar*’, e em atletas universitarios das mais variadas modalidades
(basquetebol, voleibol, futebol, handebol, natagdo, danga, ciclismo, entre
outros)44, em que se destaca um percentual de 9% que nunca ou quase
nunca se hidratam durante o treinamento; em competicdes esse valor passa
para 5,1%. Esse comportamento aumenta consideravelmente o risco de
desidratacéo, o que, certamente, diminuira a capacidade de treinamento ou
de competicao do atleta.

Os estudos acima citados relatam diversas razdes que levam os
atletas a se hidratarem em quantidades n&o adequadas, entre eles:
desconforto gastrico, palatabilidade, auséncia de orientagdo por parte dos
técnicos e preparadores fisicos, o alto custo de alguns repositores
hidroeletroliticos, ou, simplesmente, por consideram a hidratagao irrelevante.
Percebe-se, portanto, que apesar de a palatabilidade n&o ser o principal
motivo pelo qual os atletas se hidratam pouco, uma bebida mais palatavel
podera contribuir para aumentar o consumo de liquidos e diminuir as

chances do aparecimento de um quadro de desidratacéo’.

Em outro estudo, atletas foram questionados sobre as estratégias de
hidratagdo que usualmente adotam, e, mais de 70% dos triatletas, ciclistas e
corredores de fundo entrevistados revelaram nao se importar com a
temperatura do liquido com o qual se hidratam, atentando apenas em néo
ingerir liquidos em temperaturas demasiadamente baixas, uma vez que,
segundo os atletas, isso causa grande mal-estar’®. A Tabela 1 apresenta a
distribuicao percentual de preferéncia da temperatura do liquido de atletas
brasileiros de diferentes modalidades, em que se pode observar maior

concentragao das respostas para liquidos refrigerados.
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Tabela 1.Relagio de estudos sobre o percentual da preferéncia individual da temperatura do liquida enre atletas.

Marins & Ferreira™ Brito et al*  Brito & Marins® Femeira® Brito et al @

Atletas universitirios” Caratecas Judocas Coredores de rua  Praticantes de Jiu-Jitsu
Extremamente gelado 6,77 B,67 373 1.04 g
‘Moderadamente gelado £3 54 53,33 £3,59 4715 56
Ambisnte 3909 37,04 33,18 51,81 L

*Atletas universitdrios (basquetebal, pélo-aquético, voleibol, futsal, handebol, futebol, judd, jiu-ftsu, cidismo, natacao e danca).

Mundel et al.®" observaram que, durante o exercicio continuo em
bicicleta a 34°C, realizado até a exaustdo, o liquido a 4°C foi
significativamente mais consumido do que a uma temperatura mais neutra
(19°C), corroborando os resultados encontrados por Sandick et al.*?
segundo os quais os individuos, apos o exercicio, também preferiram a
ingestdo de uma bebida que tivesse a temperatura mais baixa, sendo
ingerido um maior volume de agua a 5°C, comparado as outras
temperaturas (16, 22 e 38°C).

Vale ressaltar, entretanto, que o atleta deve estar atento para que o
aumento da palatabilidade de uma bebida ndo induza a um consumo
exagerado de liquido. A ingestéao irregular com tendéncia ao excesso pode
levar a desconfortos gastrintestinais e também a formacédo de quadros de
hiponatremia, associados ao grande consumo de &agua, que provocara
diluicdo do sodio plasmatico. A fim de evitar problemas como esses, 0
ACSM' recomenda aos atletas monitorarem a variacdo do peso corporal
antes e apo6s o treinamento e a competicdo, de modo que o volume de
liquido perdido sirva como referencial para a quantidade que deve ser
reposta.

Algumas proposicdes tém sido feitas em relagdo a temperatura da
bebida na hidratagdo. No entanto, as referéncias se justificam mais pela
palatabilidade do que por implicagbes no esvaziamento gastrico. A proposta
de hidratagéo recomendada pelo ACSM*? preconiza que o volume de liquido
ingerido em intervalos regulares ao longo do exercicio, deve estar em uma
temperatura palatavel, entre 15 e 22°C. A mais recente publicacdo do
ACSM' sobre a tematica da reposicéo hidrica reafirma sua posicdo quanto a

faixa de temperatura e seus beneficios a palatabilidade, acrescentando
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ainda que, tanto a temperatura como a presenca de sabor nas solugdes, sdo
preferéncias que variam grandemente de acordo com os individuos e as
culturas’. A diretriz da Sociedade Brasileira de Medicina do Esporte® e o
consenso estabelecido pelo Gatorate Sports Science Institute (GSSI) na
América Latina® concordam com as estratégias de hidratacdo estabelecidas
pelo ACSM*? e salientam ainda que, além de uma temperatura entre 15 e
22°C, a solugao deve apresentar sabor que seja adequado as preferéncias
individuais do sujeito, a fim de que as suas necessidades de liquido sejam
atingidas mais facilmente.

Com base em trabalhos anteriores, € possivel recomendar que a
temperatura do liquido consumido nas situagbes de exercicio, tanto agua
como solugdo carboidratada, seja indicada tomando como base as
condi¢cbes ambientais nas quais o exercicio é realizado, a fim de aproveitar
ao maximo dos beneficios termorregulativos proporcionados. Ou seja,
durante provas realizadas em climas frios, a administragdo de uma solugao
com uma temperatura palatavel, em torno dos 19°C, seria interessante,
enquanto uma temperatura mais baixa (12°C) seria bem mais indicada para
as situagdes de competicbes e treinos realizados sob calor intenso. Em
condicbes ambientais termoneutras, pode-se optar pelo uso de uma

temperatura em que prevalega a preferéncia individual do atleta.
CONCLUSOES E RECOMENDAGOES/SUGESTOES

Os efeitos da temperatura em situagbes de repouso, considerando o
tempo total de esvaziamento gastrico, sdo considerados minimos, uma vez
que a temperatura intragastrica apds a ingestdo da bebida normaliza-se
rapidamente, inibindo qualquer acédo mais intensa da temperatura do liquido.

Solugbes geladas ingeridas em repouso aumentam ligeiramente o
esvaziamento gastrico, e, mesmo que seus efeitos ndo sejam significativos,
deve-se evitar 0 uso de solugdes com temperaturas extremas em situagdes
pré-exercicio, a fim de nao colaborar com os efeitos nocivos do estado
emocional do atleta no trato gastrintestinal. Contudo, bebidas refrigeradas
promovem o0 aumento da palatabilidade; logo, o seu consumo deve ser
monitorado, procurando sempre manter um equilibrio hidrico.
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Recomenda-se que a temperatura do liquido seja indicada tomando
como base a condicdo do ambiente, oferecendo-se bebidas mais geladas
em situagdes de clima quente, ndo tdo geladas em clima frio e mantendo
ainda a preferéncia individual do atleta em ambientes temperados.

Frente ao desenvolvimento de novas tecnologias invasivas, sugere-
se, ainda, a necessidade de realizacdo de mais estudos sobre a temperatura
do liquido e o esvaziamento gastrico, considerando as mais variadas formas
de exercicio, devido a escassez de dados atualizados e a impossibilidade de
reproduzir, em condicdes de exercicio, os resultados obtidos durante o

repouso.
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Abstract

High metabolic rates sustained by soccer players during training
sessions lead to sweating exposing players to the risk of dehydration. There
is limited published data available on fluid balance of youth soccer players
during consecutive days of training in tropical weather. This study
investigated the pre-training hydration status the fluid intake and the sweat
losses of 20 elite male Brazilian adolescent soccer players (mean £ SD age,
17.2 £ 0.5 years; height, 1.76 + 0.05 m; body mass, 69.9 + 6.0 kg; body mass
index, 21,2 + 3,5 kg/m?) on three consecutive days of typical training. Urine
specific gravity (USG) and body mass changes were evaluated before and
after training sessions to estimate hydration status. Water consumption and
urine output were also recorded. Players began the days of training mildly
hypohydrated (USG > 1.020) and fluid intake hardly matched fluid losses. It
was warmer on day 1 (31.5 £ 2.3°C and 43.4 + 3.2% relative humidity) and
total estimated sweat losses (2822 + 530 mL) and fluid intake (1607 + 460
mL) were significantly higher compared to days two and three. Data also
indicate considerable variability in sweat losses between players and there
was a significant correlation between the extent of sweat loss and the volume
of fluid consumed (r? = 0.560 p = 0.010, day 1; r? = 0.445 p = 0.049, day 2; r?
= 0.743 p = 0.0001, day 3). We conclude that sweat losses can be
substantial in young soccer players. It is suggested that enhancing athletes’
self-perception of sweat loss via training may avoid voluntary dehydration,
whilst efforts aimed at educating players about the importance of pre-game
hydration must be emphasized.

Key Words: Thermoregulation, fluid balance, fluid replacement, soccer,

hydration status, dehydration.
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INTRODUCTION

Soccer is a physically demanding self-paced endurance sport
characterized by repeated short sprints that can lead to large increases in
metabolic heat production, subsequent elevations in body temperature and
the initiation of a sweating response to promote heat loss (Bangsbo et al.
2006). Continued sweating will result in a body water deficit unless replaced
and the greater the body water deficit the greater the increase in
physiological strain during exercise, such as elevations in core temperature,
heart rate, glycogen utilization and perceived exertion (Sawka and Coyle
1999).

Recent findings demonstrate the negative consequences of
dehydration on soccer skills (Ali et al. 2007) and physical performance
(Edwards et al. 2007) and emphasize the need to ensure fluid balance during
soccer training and competition. Several laboratory-based studies involving
soccer players have reported data on fluid balance (Drust et al. 2000;
McGregor et al. 1999; Nicholas et al. 1995). However, outdoor activities
expose the athletes to oscillations in environmental conditions that could, for
example, both impose radiative heat gain/stress and increase the efficiency
of evaporative heat loss in order to minimize elevations in thermal stress.
There are reports in the literature where habitual training and hydration
regimes are maintained which reflect what happens in the field. For example,
Mustafa and Mahmoud (1979) have reported mean sweat rates of 0.6 L/h
and 2.9 L/h for soccer players in cool and hot environments, respectively.
More recently, Shirreffs et al. (2006) found a wide inter-individual variability in
the sweat loss (from less than 1 L to more than 3 L) between soccer athletes.
Maughan et al. (2005) reported that not all soccer players were well hydrated
at the beginning of the training and those players who started practice with
the highest urine osmolality voluntarily drank more fluid during practice,
possibly to compensate for their prepractice fluid deficit.

In the afore-mentioned studies, however, measurements were made
on a single day in adult athletes. Very few data are available on fluid balance
during consecutive days or evaluating youth players (Godek et al. 2005a;

Stover et al. 2006a). Considering that physical fitness and metabolic heat
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vary across different age categories of soccer players (Silva et al. 2008) it is
also important to take into account the variation on fluid balance of youth
players. Furthermore, several studies have reported thermoregulatory
differences between tropical and non-tropical natives (Fox et al. 1974;
Nguyen and Tokura 2003), but little is known about fluid balance in young
soccer tropical natives players. Like adults, adolescent Brazilian soccer
players are engaged in professional tournaments throughout the year and
participate in daily high-workload training sessions during differing weekly
environmental conditions, which may affect fluid balance. Recently, a study
reported that young Brazilian soccer players have inappropriate fluid
replacement habits (Ferreira et al. 2009). In that study, the players
responded to surveys about their level of knowledge regarding hydration
management; however, specific measures of daily hydration status were not
included.

Therefore, the aim of the present investigation was to assess the fluid
balance in Brazilian youth soccer players on three consecutive days of typical

training.

METHODS
Participants

Twenty adolescent soccer players volunteered for the study, all
members of the same Brazilian professional soccer team. The experimental
protocol was approved by the institutional Ethics Committee (n°® 068/2009),
and all players and parents gave written informed consent before
participating. The mean + standard deviation (SD) physical characteristics of
the participants were: age 17.2 + 0.5 years, height 1.76 £ 0.05 m, body mass
(BM) 69.9 + 6.0 kg, body mass index, 21,2 + 3,5 kg/m? body fat 6.5 + 3%.

Experimental design

All measurements were made on three consecutive days before the
last game of the classification phase of a national competition, with the first
day of data collection being the first training day of the week. Training

sessions were directed by the coach, began at approximately 09:00 AM and
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lasted about two hours and 30 minutes. The training was that normally
carried out by all players at this time of the season, and consisted of a warm-
up, intermittent running, ball drills and a short game. All players wore
standard typical training clothing: T-shirt, vest soccer, shorts, socks and
shoes. None of the players changed their clothing during the course of
training. Efforts were made to minimally alter the typical behavior of the
participants so that they maintained their habitual nutrition and hydration.
Environmental conditions were measured every 15 min during the training
session by using a wet bulb globe temperature (WBGT) monitor (Quest
Temp 36, Quest Technologies, Oconomowoc, WI, USA).

On arrival at the training ground participants were instructed to empty
their bladders as completely as possible and defecate if necessary. A sample
of urine was collected and the pre-training urine specific gravity (USG) was
assessed within 30 minutes of collection, which was used as an index of
hydration status. Urine was analysed with a clinical handheld refractometer
(model A300; ATAGO Co, Tokyo, Japan) that was calibrated with distilled
water prior to the beginning of each test and reviewed periodically between
samples with the same individual measuring all urine samples. Nude BM was
then measured using a digital electronic scale (CS2000; Ohaus Corp, Pine
Brook, NJ) accurate to 0.02 kg. The time between the weigh-in and the start
of training was of approximately 30 min. The players were instructed to
collect any urine passed during training in containers provided so that this
could be taken into account for the calculation of sweat loss from the
measured changes in BM (Maughan and Shirreffs, 2008). However, no
player produced urine during the time of training.

In an effort to investigate the players’ normal behavior only water was
provided, as this was what was normally available to the players during
training. The players were allowed to consume water ad libitum until their BM
was measured. Thereafter, players were instructed to continue with their
normal drinking routines but drinking only from the bottles provided. Each
player’'s bottle was opaque and clearly labeled with his name and was refilled
when necessary. Individual drink bottles were weighed before being provided
to the players and at every refilling by using a digital scale (Plenna, MSI INC.,
USA, £ 0.01 g). During the training session, all players had free access to
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water and the coaching staff scheduled regular breaks to allow the players to
drink, according to the normal practice of these players. Players were
instructed to drink as much or as little as they wanted but to drink only from
the bottles provided and not to spit out any of the fluid or use the fluid to rinse
their faces. Separate unmarked bottles were available for those players who
chose to rinse their faces. All players were under constant observation before
and during the training to ensure compliance. The players were informed that
measurements of their sensory, subjective and physiological parameters of
fluid replacement would be made, but were unaware that their fluid
consumption was measured and were blind to the purpose of the study.

At the end of the training sessions, athletes toweled dry and were
again weighed nude. Players were asked to empty their bladder as fully as
possible and to collect the entire volume in a container provided and the
post-training USG and urine volume were assessed. Before and after training
sessions players were requested to verbally answer their thirst sensation
using a 9-point scale (Maresh et al., 2004) ranging from 1 (not thirsty) to 9
(very thirsty). In addition, water palatability was reported after training
sessions using a 10-point hedonic-category scale (Peryam and Pilgrim,
1957) with verbal anchor ranging from 1 (dislike extremely) to 10 (like

extremely).

Determination of body mass loss, sweat loss and sweat rate
Percent BM loss during the practice was estimated as the net BM loss
(kg) during the practice divided by the pre-practice BM (equation 1):

[Equation 1] Percent BM loss (%) = (pre BM — post BM) + (pre BM) x 100

Sweat loss (mL) was calculated from the change in BM (kg) after correction
for fluid intake (mL) and for any urine passed (mL) (equation 2).

[Equation 2] Sweat loss = (pre BM — post BM) — (urine output) + (fluid intake)
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Sweat rate (mL/h) was estimated as net BM loss (kg) during the 2.5 h training
(assuming 1 kg = 1 L) plus total fluid intake (mL) and minus any urine

produced (mL) (equation 3):

[Equation 3] Sweat rate = [(pre BM — post BM) — (urine output) + (fluid

intake)] + exercise time

The relatively small changes in mass due to substrate oxidation and other
sources of water loss (primarily evaporative loss from the lungs) were
ignored because this would have been a small component of the total mass

loss.

Statistical analysis

The data were tested for normality of distribution and are presented as
mean = standard deviation (SD). Pearson correlation coefficients were
generated to determine whether there was a relationship between variables
such as USG and fluid intake (mL/kg), sweat loss (mL/kg), and fluid intake
(mL/kg) for each of the 3 days of training. To determine whether changes
occurred over the course of the observation period, repeated measures
ANOVA was used to evaluate whether pre-exercise body weight and USG
differed between days and Tukey’s test of honestly significant difference.
Paired t-test was used to determine significant changes in dependent groups
(e.g. USG; before x after). Thirst sensation and palatability were tested using
the nonparametric Friedman and Mann-Whitney tests and values are
presented as median. The significance level was set at 0.05.

32



RESULTS

Body mass loss, fluid intake, sweat loss and urine output for each day

are shown in Table 1. Sweat rate is presented in Figure 1.

Table 1. Changes in body mass (BM), fluid intake, sweat loss, and urine passed (n =

20).
Day 1 Day 2 Day 3
Mean SD Min Max Mean SD Min Max Mean SD Min Max
PreBM 6870 6.34 5620 81.10 6858 6.54 56.00 81.00 68.87* 651 558 80.7
(kg)

PostBM 6748 626 5530 7960 6828 637 5590 8020 6829 642 552 79.9

«9) . . . . . . . . . . . .
BM (Ckhga)‘”ge -121 046 -040 -250 -030f 040 040 -100 -058t 056 0 -2.60
BM Zi;:j”ge 177 070 064 3.90 042t 032 -064 150 084t 08 0 371
F'“'(dm'[t)ake 1607 460 255 2458 1141t 322 660 1977 650t 257 107 1135
Swfrf]tL')oss 2822 530 1683 3958 14461 422 794 2407 1235+ 730 507 3551
U””‘(*rﬁf)ssed 136 6779 11 298 147.85 4390 91 242 133.80 50.34 70 257

Values are mean * standard deviation (SD), minimum (Min) and maximum (Max).

* P < 0.001 Significantly different from post BM
T P < 0.001 Significantly different from day 1
I P < 0.001 Significantly different from day 2
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<
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Figure 1. Sweat rate (mL/h) and WBGT (°C) during training.
* P < 0.05 Significantly different from days 2 and 3.
T P < 0.05 Significantly different from day 3.

There was a significant correlation between the extent of sweat loss

and the volume of fluid consumed in all days of training (Figure 2).
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Figure 2. Dispersion correspondent to total volume of sweat lost versus total volume
of fluid consumed by the players (n = 20) during days 1(A), 2 (B) and 3 (C)
of training.
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Several players provided urine samples in which the USG was greater
than 1020 (Figure 3). Pre and post-training USG ranged from 1012 to 1038
and from 1013 to 1037 on day 1, from 1011 to 1035 and from 1012 to 1036
on day 2 and from 1010 to 1036 and from 1010 to 1034 on day 3,

respectively.
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Figure 3. Individual variability of urine specific gravity pre (figure A) and post (figure
B) training. Dashed lines are limits for well hydrated (< 1010) and serious
dehydration (>1030). Solid line is the limit for minimal (1010 — 1020) and
significant dehydration (1021 — 1030) according to Casa et al. (2000).
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The mean USG values of the urine samples provided by players

before and after training are shown in Figure 4.
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Figure 4. Urine specific gravity in Brazilian youth soccer players before and after
training. Values are mean (SD). * P < 0.001 Significantly different from day
3.

There was no statistically significant relationship between the pre-
training USG and the volume of fluid consumed (day 1: r* = -0.239, P =
0.310; day 2: r* = 0.242, P = 0.304; day 3: r* = 0.015, P = 0.950). Absolute
fluid intake and relative fluid intake (mL/kg BM) were not different for
euhydrated players versus those who were hypohydrated before each day of
training.

Mean ambient temperatures taken during day 1 (31.5 £ 2.3°C; range,
28.5 - 32.4 °C) were significantly different (P < 0.05) from day 2 (27.8 £
2.5°C; range, 25.3 to 30.3°C) and day 3 (26.8 + 0.9°C; range, 25.3 to
29.2°C). Relative humidity (RH) was lower on day 1 (43.4 £ 3.2%; range,
40.2 — 45.6%) than on day 2 (60.3 £ 5.6%; range, 58 — 65%) or on day 3 (75
1+ 10%; range, 60 — 85%).

There was no significant difference (P > 0.05) for thirst sensation
before (Median = day 1: 5, day 2: 3.5 and day 3: 3) and after (Median = day
1: 4, day 2: 3 and day 3: 4) training or among days (P = 0.142, pre-training; P
= 0.135, post-training). Pre-training thirst sensation was not correlated to pre-
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training USG on day 1 (* = 0.049, P = 0.251) on day 2 (r* = 0.019, P =
0.934) or on day 3 (* = - 0.143, P = 0.548). There was no correlation
between thirst sensation and the total volume ingested (day 1, r’ = - 0.0320,
P = 0.893; day 2, r* = 0.0523, P = 0.954; day 3 r* = - 0.136, P = 0.569). The
drink palatability (Median = 8 for all days) was not significantly different
among the days (P = 0.444).

DISCUSSION

This study is the first to report data on fluid balance of Brazilian youth
soccer players during consecutive days when habitual training and hydration
regimes have been maintained. As currently a limited amount of data is
available regarding fluid balance in youth soccer players, thus, possible
comparisons are limited.

We found that the players did not consume sufficient fluid during
training to match sweat losses particularly on the warmer day (day 1) and so
they exhibited a significant reduction in post-training BM. We observed that
BM loss (-1.21 + 0.46 kg, equivalent to dehydration of 1.77 + 0.70% of pre-
training BM), total sweat loss (2822 + 530 mL) and fluid intake (1607 + 460
mL) were significantly higher on day 1 than on the other days. Sweat rate
was also significantly higher on day 1 (0.81 £ 0.19 L/h) than on day 3 (0.49
0.29 L/h). Our data are comparable to slightly lower values of BM change
(1.12 £ 0.74%) and to slightly higher sweat rate (0.91 £ 0.27 L/h) reported by
Stover et al. (2006a) during training sessions when sweat rate was also
determined (WBGT, 23.9 to 25.6°C; and RH, 38 to 45%). These authors
investigated adolescent American football players during training sessions for
five consecutive days but evaluated and reported data of sweat rate and BM
change (%) for one day only. Our data are in contrast to a mean sweat rate
of ~1.2 L/h for college football players under environmental conditions in
which WBGT averaged 31.9°C (Jacobson et al. 2001) and was less than that
reported for collegiate football players (0.99 + 0.41L/h; non-crampers during
morning practice) during two-a-day session training (WBGT ranged from 22.7
to 26.0°C, and RH ranged from 72 to 93%) (Stofan et al. 2005). During
match-play, where soccer players typically have fewer opportunities for fluid
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intake, it is not uncommon to observe BM losses of >1-3% with fluid intake
seldom matching fluid lost (Maughan et al. 2007). However, during training
this voluntary dehydration might be avoided. Several factors contribute to
fluid balance, such as differences in body composition, physical fitness,
clothing, drink palatability, intensity and duration of exercise (Sawka et al.
2007; Silva et al. 2009) and might explain the discrepancies between studies.
Moreover, environmental factors including ambient temperature, RH and
wind speed have a major influence on the sweating response (Shirreffs et al.
2005) whereby the warmer conditions during training on day 1 in the current
study (WBGT 31.5°C; RH, 43.4%) may have contributed to higher sweat and
BM losses. However, we did not account for wind speed and direction,
running speed, distance covered, or other factors that might contribute to the
evaporation of sweat on the different days.

The pre-training BM in our subjects were not different throughout the
3-day period. Our data contrast to studies in which pre-training body weight
of American high-school football players (Godek et al. 2005a; Stover et al.
2006a) was greater on the first day of testing compared to weights the
remainder of the week. According to the authors, the persistent fluid deficit in
their studies was due to insufficient fluid replacement during or between
sessions of two-a-day training. The participants in the present study,
however, were not engaged in multiple practice session in a single day which
makes it plausible that it was easier for them to recover the fluid lost before
the next day of training.

We observed a wide inter-individual variability in sweat loss. We
verified that 6 out of 20 players lost more than 3 L and one player lost 3.9 L
on day 1 (range, 1683 to 3959 mL). On day 2 (range, 794 to 2407 mL) very
few players had sweat loss more than 2 L and on day 3 (range, 507 to 3551
mL) only one player presented sweat loss of more than 3 L. This variability
has previously been reported in professional adult soccer players during
match-play and training (Maughan et al. 2005, 2007; Shirreffs et al. 2005).
Mustafa and Mahmoud (1979) observed losses of almost 4 L in hot
conditions and Shirreffs et al. (2005) investigating soccer players during
training sessions carried out in a warmer (32 + 3°C, 20 + 5% RH)
environment reported mean sweat losses of 2193 + 365 mL (1672 to 3138
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mL). The reasons for this variability remain unclear. Sweat rate is influenced
by a number of other factors, including exercise intensity, state of fithess and
heat acclimation, but this large inter-individual variability in sweating rate is
apparent even when these factors are kept constant (Greenhaff and Clough
1989). Even though some players incur an acute fluid deficit during the
course of consecutive days training, recommendations of an increase in fluid
intake to all players would not be appropriate for those who incur only a small
fluid deficit, whereas the amount and rate of fluid replacement should be
according to the individual sweating rate (Swaka et al. 2007). In addition,
efforts aimed at educating players to weighing before and after exercise
might be of value for controlling this sweat variability.

A significant relationship was observed between fluid intake and
estimated sweat loss in all days of training (figure 2). Studies to date have
been unable to find such a relationship (Godek et al. 2008; Maughan et al.
2005, 2007). We are not aware of studies that have evaluated adolescent
soccer players where similar measurements have been made. Palmer and
Spriet (2008) observed a correlation between sweat rate and total fluid intake
in junior hockey players that have participated in one morning (13.9°C, 66%
RH) and one afternoon (14.6°C, 68% RH) practice on the day of study
(authors did not test the same players in the morning and afternoon). This
correlation was, however, influenced by 1 subject, and by excluding that
subject’s data the relationship becomes non-significant. In the current study,
even with removal of the highest and lowest (outliers) fluid intake or sweat
loss data points, a statistically significant association persists in all days,
except day 2 ( = 0.019, P = 0.934). Several factors that vary between
studies can influence drinking behavior including provision of individual
bottles, proximity to bottles, drink palatability, duration and number of
opportunities to drink (Broad et al. 1996). Besides, the majority of studies
have examined thermoregulatory responses of soccer players in non-tropical
natives and data from tropical natives are lacking. In the present study,
several players (n = 8) were able to mach fluid lost on the two cooler days of
measurement. We suspect that the sweat loss-based perception of the need
to replace fluid may be more reliable in players that live in tropical regions
such as the volunteers of the current study. Tropical natives are typically
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heat-acclimated, presenting reduced resting and exercise heart rate, core
temperature, sweating onset threshold and tend to sweat less for a given
stimulus in comparison to non-tropical natives (Buono et al. 1998; Nguyen &
Tokura 2003). These physiological adaptations reduce heat strain and
increase tolerance to exercise in hot environments and tropical natives would
have, therefore, a more efficient thermoregulatory system (Fox et al. 1974;
Hori, 1995). Passe et al. (2007) also propose enhancing athletes’ self-
perception of sweat loss via training to avoid voluntary dehydration. Future
research could determine whether the relationship between sweat loss and
drinking persists under different (warmer and colder) environmental
conditions and exercise modalities as well as if tropical athletes accurately
perceive fluid loss and are able to use it as a guide for rehydration.

If a value of 1020 for urine USG is accepted as a cutoff point for
indication of adequate hydration status (Casa et al. 2000), several players in
the present study provided pre-training urine samples higher than 1020,
indicating that they were not well hydrated when they arrived at the training
grounds (Figure 3). Mean pre-training values were greater than 1020 on all
days. However, mean pre and post USG were significantly higher on day 1
than on day 3. This may be due, in part, to lower sweat loss and BM change
on day 2, being easier for the players to replace the fluid lost during the
resting period before training on day 3. Studies that have evaluated adult
soccer players and other team-sport athletes prior to exercise have found
that athletes often began the exercise inadequately hydrated (Godek et al.
2005b; Maughan et al., 2007; Osterberg et al. 2009). With regards to
adolescent football players, Stover et al. (2006a) observed that before
practice on any given day, a minimum of 60% of players had a USG higher
than 1.020 (Day 5) and a maximum of 77% of players exceeded this value on
day 1 and on day 4. Veale and Pearce (2009), however, reported mean USG
values of 1010 £ 0.007 of Australian junior soccer players before a match.
These authors did not report details of the USG measurements, such as
individual values of USG or if athletes’ habitual hydration regimes had been
maintained before the practice. Bergeron et al. (2006) observed that USG
was quite high before training when adolescent tennis players ingested water
(1025 + 0.005) or a carbohydrate drink (1024 + 0.006). This is of some
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concern because pre-training hypohydration combined with a high sweat loss
and an incomplete fluid replacement during training lead to a loss of body
water that, if it is of sufficient magnitude, might impairs both physical and
mental performance (Kirkendall, 1993). Efforts aimed at educating players
about the importance of pre-game hydration may help to offset some of the
deleterious effects of dehydration.

Maughan et al. (2005) have previously shown that adult soccer players
who report for training with the highest urine osmolality are likely to drink
more during training. Using USG as the parameter of hydration status, this
was not supported by the current study data. Even though our players were
not well hydrated prior to training, pre-training USG did not correlate with the
volume of fluid intake during training. Other studies have also failed to
observe this association (Bergeron et al. 2006; Osterberg et al. 2009). The
sensation of thirst typically lags behind the fluid deficit, and dehydration may
reach 2% to 3% of BM before the thirst mechanism is stimulated (Greenleaf,
1992). In the present study, thirst sensation was also not correlated to fluid
ingestion and players rated the water as palatable (median = 8). It is
possible, therefore, that either the pre-training water deficit was not enough
to stimulate the thirst mechanism(s) or the players were not able to
accurately interpret the thirst scale and replace the fluid based on thirst, as
opposed to fluid ingestion based on fluid loss which correlated significantly.
Other studies have observed that thirst did not ensure adequate fluid intake,
nor was it predictive of drinking behavior (Passe et al. 2007). In addition,
providing flavored drinks such as sports drink that contains sodium might
contribute to stimulating fluid intake and maximize the volume ingested rather

than providing water only.

CONCLUSION

Our findings indicate that a substantial proportion of the players were
likely dehydrated before all days of training. Sweat losses can be substantial
(> 3.5 L in approximately 2.5 h of training time) in tropical young soccer
players and fluid intake hardly matches fluid loss mainly on warmer days.

However, enhancing athletes’ self-perception of sweat loss for fluid
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replacement may prove useful rather than relying on sensations of thirst
alone. Regardless the environmental conditions, there is a large variation in
sweating response among individual players taking part in the same training
session, reinforcing the fact that players must be treated individually with
regard to their fluid needs, especially when daily environmental conditions

vary.
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ABSTRACT

To optimize the hydration strategies of athletes, knowledge of their
sweating response during intense sport specific exercise is useful. Data
concerning fluid balance of young soccer players during match-play whilst in
competition is sparse. The purpose of this study was to investigate the pre-
game hydration status and the fluid balance of young players engaged in a
Brazilian competitive soccer match played at a temperature of 28°C (relative
humidity 45-55%). Intake of water and sports drink and urine output were
recorded. Urine specific gravity (USG) and body mass changes were
evaluated before and after the game to estimate hydration status. Data were
obtained from 15 male players (age: 17 years, height: 178 cm, mass: 69.4
kg, body mass index, 20,1 + 2,3 kg/m?, body surface area: 1.86 m?). Since
one player was expelled 5 minutes into the game, data are available for 10
players who completed the full-time game and 4 substitutes, none of whom
played at all. Mean £ SD sweat loss of players amounted to 2.24 + 0.63 L,
and mean fluid intake was 1.12 £ 0.39 L (n = 10). Corresponding values for
substitutes were 0.61 £ 0.12 L and 0.50 £ 0.10 L (n = 4). Pre-game USG was
1020 = 0.004 and was statistically different (P < 0.05) from the post-game
USG (1016 = 0.004). The data show a large inter-individual variability in
sweat losses and drinking behavior between young soccer players while
under competitive match-play conditions. However, when total fluid intake
during the game was correlated with the volume of fluid ingested no
significant relationship was observed (* = 0.504, P = 0.137). Fluid
replacement remains a challenge for certain athletes whilst educating all

players about the importance of pre-game hydration is important.

Key Words: Thermoregulation, fluid balance, sweating, junior athletes,

soccer, hydration status, dehydration.
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INTRODUCTION

Soccer is a team sport that incorporates frequent fluctuations between
high and low exercise intensities, where the high work rates and extended
nature of the game lead to elevations of body temperature and the initiation
of a sweating response (Bangsbo et al. 2006). Several reports in the
literature have shown that fluid loss in adult soccer players can be substantial
(Shirreffs et al. 2005; Maughan et al. 2007) and even mild dehydration may
have adverse effects on a number of physiological and cognitive functions
that are important for components of soccer performance (Edwards et al.,
2007).

Sweat loss is influenced both by exogenous factors, such as
environmental conditions and clothing type, and by endogenous factors, such
as metabolic rate and body surface area (BSA) (Sawka et al. 2007). While
the rate of energy expenditure by soccer players depends on many different
independent factors including chronological age, biological maturity, training
age, morphology and anthropometry (Silva et al. 2008), sweat loss of soccer
players may be different between players engaged in distinct age categories.
In addition, as BSA tends to be larger in athletes with greater body mass
(BM), such as adult players (Godek et al. 2005), it is reasonable to expect
that they have a higher metabolic rate and greater number of sweat glands
per unit area and therefore may be capable of sweating at higher rates than
smaller young athletes.

Players would normally be expected to ingest fluids during training or
match-play, and both water and carbohydrate-electrolyte drinks are widely
used. However, unlike the majority of sports, soccer provides few
opportunities to drink because of lesser proximity to fluids and the absence of
breaks during a match (Edwards and Clark, 2006). Under simulated soccer
match conditions, fluid deficits of 1-2% losses of BM seem typical across the
majority of environmental conditions (Maughan et al. 2007) and the amount
of fluid intake during games hardly matches the fluid lost, often resulting in
voluntary dehydration (Shirreffs et al. 2006). When compared to a simulated
situation, in real match-plays under competition the players are under

constant emotional and psychological stress that may influence their
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motivational behavior on the field. Such factors may affect elements of self-
pacing that determine variables such as distance covered, energy
expenditure and hence fluid balance. Therefore, data concerning fluid
balance of young soccer players during competition match-play is warranted.

Knowledge of athletes’ pre-exercise hydration status is relevant to fluid
balance and it has been reported that, in general, soccer players start match-
plays in a hypohydrated state (Maughan et al. 2007). Different methods have
been used to measure the hydration status during periods of acute fluid loss.
The techniques most widely used include plasma osmolality, urine osmolality
and urine specific gravity (USG) (Casa et al. 2005; Armstrong, 2005). Plasma
osmolality is often considered to be the most valid technique for assessing
hydration status; however it requires invasive procedures that are not
practical when used by athletes and coaches in field settings. Simple
biomarkers, however, such as USG and body weight, are practical
measurements with reasonable accuracy and reliability to predict hydration
status with athletes and have been widely employed in field researches
(Oppliger et al. 2005; Osterberg et al. 2009). Maughan et al. (2005) observed
that adult soccer players who did not start training well hydrated voluntarily
drank more fluid during exercise, possibly to compensate for their pre-
practice fluid deficit. It remains to be determined, however, whether young
soccer players during official match play respond similarly.

The aim of the present study, therefore, was to assess the fluid losses
and intake in elite Brazilian youth soccer players during official match-play for
the classification phase of a national competition. A measurement of pre-
game hydration status and its relationship with the volume of fluid consumed

by players was also made.

METHODS
Participants

Fifteen adolescent male players agreed to participate. They were the
team members and substitutes of a professional Brazilian club who took part
in a match during a national competition. All players and parents gave written

informed consent and the study was approved by the institutional Ethics
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Committee (n° 068/2009) conforming to the Code of Ethics of the World
Medical Association (Declaration of Helsinki). The players’ physical
characteristics are as follow: age, 17.2 £ 0.6 years, height, 1.78 + 0.06 m,
BM, 69.4 + 6.0 kg, body fat, 6.7 + 2%, body mass index, 20,1 + 2,3
kg/m?BSA, 1.86 + 0.11 m?.

Experimental design

The measurements were made during the last game of the
classification phase of a national competition. The game was played in the
morning (11:30 AM kick-off) and consisted of two 40-minutes periods and a
15 minutes interval between them, the length of under-18 Brazilian official
competition. The weather at the time of the match was approximately 28°C
with a relative humidity (RH) of between 45-55% measured by a wet bulb
globe temperature (WBGT) monitor (Quest Temp 36, Quest Technologies,
Oconomowoc, WI, USA). Data for the pre-game urine measurements and
thirst sensation of all players are included, but all other data from the players
who did not complete the game have been excluded. Complete data are
therefore available for 10 players who completed the full 80 minutes of play
(one player was expelled 5 minutes into the game) and 4 substitutes, none of
whom played.

Approximately one hour before the game all players, including
substitutes, reported to the dressing room of the stadium after following their
normal pre-game routine. Each player provided a urine sample and was
weighed nude on a digital scale accurate to 0.02 kg (model CS2000; Ohaus
Corp, Pine Brook, NJ). Pre-game USG was assessed within 30 minutes of
collection using a clinical handheld refractometer (model A300; ATAGO Co,
Tokyo, Japan). All samples were immediately discarded after assessment.
Also, the participants verbally responded to a survey enquiring about thirst
sensation using a 9-point scale (Maresh et al., 2004) ranging from 1 (not
thirsty) to 9 (very thirsty).

Players and substitutes then changed into match uniforms, received
an opaque bottle labeled with the player's name and performed the warming
up on the field for about 15 minutes before returning to the dressing room
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about 5 minutes before kickoff. The bottles contained water as this was
normally available to the players during the match. They were allowed to
consume water ad libitum but drinking only from the bottles provided and not
spitting any of the fluid out or using the fluid to rinse their faces. During match
play the players had free access to the bottles that were positioned at a
specific place off the field reproducing habitual players’ behavior. Individual
drink bottles were weighed before being provided to the players and at every
refilling using a digital scale (Plenna, MSI INC., USA, = 0.01 g). All players
were under constant observation by their own support staff and by the
researchers before and during the match to ensure compliance. The volumes
of fluid ingested or passed by players before BM measurements were not
recorded. To reduce potential bias, limited explanations were provided to the
players about fluid intake behavior. They were informed that measurements
of their sensory, subjective and physiological parameters of fluid replacement
would be made, but were unaware that their fluid consumption was
measured and were blind to the purpose of the study. Players were also
instructed by the coaching staff to ingest 400 mL of a 6% carbohydrate-
electrolyte drink over the course of the game; 200 mL 30 minutes before the
match and an additional 200 mL at halftime. This volume accounted for the
total of fluid ingested. The players were instructed to collect any urine passed
during the game in containers provided so that this could be taken into
account in the calculation of sweat loss from the measured changes in BM.
None of the players passed urine in the period between the measurement of
the initial BM and the start of the match. Two of the 10 players involved in the
game and one substitute passed urine at halftime. Substitutes warmed up
with players before the game, and then stood on the corner line during the
game.

At the end of the match, any excess of sweat was toweled and
volunteers were weighed as prior to the game. Players were asked to empty
their bladder as fully as possible and to collect the entire volume in a
container provided and the post-game USG and urine volume was assessed.
Water palatability was reported after the match using a 10-point hedonic-
category scale (Peryam and Pilgrim, 1957) with verbal anchor ranging from 1
(dislike extremely) to 10 (like extremely) as well as thirst sensation like prior
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to the game. Sweat loss was estimated using the change in BM, corrected for
any urine loss and the volume of fluid consumed. The relatively small
changes in BM due to substrate oxidation and other sources of water loss
(primarily evaporative loss from the lungs) were ignored. BSA was calculated

using height and mass (DuBois & DuBois, 1916).

Statistical analysis

Data were tested for normality of distribution and are presented as
mean * standard deviation. Data sets found not to be normally distributed are
presented as median and range. Pearson correlation coefficients were
generated to determine whether there was a relationship between several
variables such as USG and fluid intake (mL/kg), sweat loss (mL/kg) and fluid
intake (mL/kg). Paired t-test was used to determine significant changes in
dependent groups (e.g. USG; before x after). The significance level was set
at 0.05.

RESULTS

Body mass losses, fluid intake, sweat loss and urine output data of the
players that completed the game (n = 10) and substitutes (n = 4) are shown
in Table 1.

Table 1. Changes in body mass, fluid intake, estimated sweat loss and urine output

for the players who completed the game (n = 10) and the substitutes (n = 4).

Variable Players (n = 10) Range Substitutes (n = 4) Range
Mass loss (kg) 1.08 £ 0.55 0.40-2.10 0.17 £0.04 0.10-0.20
Mass loss (%) 1.62+0.78 0.59-3.15 0.27 £ 0.06 0.16-0.31
Fluid intake (L) 1.12+0.39 0.47-1.76 0.55+0.10 0.40-0.70
Sweat loss (L) 2.24 +0.63 1.48-3.25 0.60+£0.12 0.34-0.71
Sweat rate (L/h) 1.71+0.48 1.14-2.50 0.35+0.13 0.15-0.50
Urine output (L) 0.12 +0.10 0.0-0.29 0.25 +0.10 0.11-0.32
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There was no significant relationship between the total volume of
sweat lost during the match and the volume of fluid ingested (r2 =0.504, P =
0.137; Figure 1). There was also no statistically significant relationship
between BSA and sweat rate (r* = 0.256, P = 0.476; Figure 2).
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Figure 1. Dispersion correspondent to total volume of sweat lost versus total volume

of fluid consumed by the players (n = 10) during the match.
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Figure 2. Dispersion correspondent to body surface area versus sweat rate of the

players (n = 10) during the match.
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The pre-game USG (1020 + 0.004; range, 1010 - 1025) of the players
was statistically different (P < 0.05) from the post-game USG (1016 £ 0.004;
range, 1007 — 1018). There was no statistically significant relationship
between the pre-game USG and the volume of fluid consumed (1% = -0.252, P
= 0.366; figure 3).
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Figure 3. Dispersion correspondent to pre-game urine specific gravity versus total

volume ingested during the match (n = 10).

There was no significant difference (P > 0.05) for thirst sensation
before (4.0 £ 1.5; range, 1 - 6) and after (4.4 £ 2.5; range, 1 - 8) the game.
Pre-game thirst sensation was not correlated to pre-game USG (* = -
0.0868, P = 0.768) or total volume ingested (r* = 0.0871, P = 0.767). The
mean value of drink palatability was 8.3 £ 0.94, ranging from 7 to 9.

DISCUSSION

The purpose of the present study was to investigate fluid balance in
youth soccer players during an official match. We observed that all the
players lost weight during the game and the volume of fluid consumed hardly
matched fluid lost (Two players and all the substitutes ingested sufficient
drink to limit body mass loss to less than 1% of the pre-game body mass).

The weight loss varied widely between players ranging from minimal (0.40
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kg; 0.59%) to substantial (2.10 kg; 3.15%) with mean values of 1.08 + 0.55
kg (1.62 + 0.78%). Veale and Pearce (2009) investigated Australian
adolescent soccer players during four matches (WBGT, 20.1 to 31.4°C; and
RH, 42 to 66%) and reported mean BM loss of 1.53 kg (range; 0 - 3 kg) and
Stover et al. (2006) reported values of BM change of young American football
players of 1.12 £ 0.74% during a training session (WBGT, 23.9 to 25.6°C;
and RH, 38 to 45%). Previous studies have also reported BM losses of 1.13
— 2.0 % in adult players (Edwards and Clark, 2006). During the match, soccer
players typically have fewer intake opportunities and it is not uncommon to
observe BM loss by 1-3% or more, with fluid intake seldom matching fluid
lost (Burke, 1997; Shirreffs et al. 2006).

Somewhat surprising was the volume of sweat lost of more than 2 L
(range 1.48 - 3.25) during a match of 80 minutes. This is not to say that all
sweat losses occurred only during game time, as players were certainly
sweating during the halftime break (15 min in length). However, it is worth
noting that the values of sweat loss in the present study are higher than the
volume of 1.3 L reported by Kirkendall (1993) and the 1.68 + 0.40 L reported
by Maughan et al (2007) when adults were evaluated during a regular soccer
time of 90 minutes. However, the weather at the time of the match in both
studies cited above (approximately 19°C and 8 °C respectively), was far
cooler than the weather in the present study (28°C, 45-55% RH).
Furthermore, tropical natives are typically heat-acclimated and present a
reduced threshold for the onset of sweating (Buono et al. 1998; Nguyen &
Tokura 2003), which might have contributed to the higher sweat loss
observed during the present study compared to that of European players. We
did not account for wind velocity, wind direction, running speed, distance
covered, or other factors that might affect sweat evaporation. However, it is
important to highlight that the players in the present study performed a match
that would determine the team qualifying for the next phase of the
competition. Therefore, it is likely that the substantial sweat loss can also be
attributed to the athletes’ motivation to win the match thereby contributing to
the increased possibility of players’ engagement with the situations of the

game. In addition, as one player was sent off at the beginning of the match,
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the remaining players had to provide greater field coverage and their effort
might have been higher than if the team was complete.

All players in the present study drank water and carbohydrate-
electrolyte drink during the game. There was a large inter-individual variability
in fluid intake. Players consumed between about 0.47 L and 1.76 L, and the
percentage of replaced sweat loss was ~50%. However, it is noteworthy that
the ingestion of 400 mL of carbohydrate-electrolyte drink was recommended
by the coaching staff and was not consumed voluntarily. Many factors
influence fluid replacement of players in team sports like soccer, including
provision of individual bottles, proximity to bottles, drink palatability, duration
and number of opportunities to drink (Broad et al. 1996; Silva et al. 2009).
The mean value of water palatability in the present study was 8.3 + 0.94
ranging from 7 to 9 and players had free access of fluid and individual bottles
provided. Given these factors, a distinct possibility exists that players in our
study ingested fluid which corresponded to half of the mean sweat loss due
to the nature of the game in which they have few opportunities to drink.
Unfortunately, no record was kept of when the fluid was consumed. There
were concerns about influencing the normal drinking behavior of the players
if the bottles were weighed at the times necessary to obtain this information.
However, we observed that some water was consumed before kickoff, some
at the halftime interval and no players consumed water during the game
itself. The fluid intake by the substitutes was not excessive and none of them
gained mass as opposed to the findings reported by Maughan et al (2007),
where 6 of 9 substitutes were heavier after the match. Besides the warmer
weather in the present study, the substitutes performed a constant pattern of
soccer-specific activities over the course of the game in order stay warmed
up and they were not sitting on the bench during the match. The pre-game
warm up and this activity during the match might have contributed to some
sweat loss that was easily replaced due to their greater proximity and
constant access to the drinks’ bottles. The volume of urine passed by the
players at halftime was small, and the need to pass urine is probably a
reflection of pre-game anxiety that some players experience. The total
volume of urine passed by the substitutes was substantial compared to that
of the players in the game reflecting the generally higher fluid intake and
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limited activity, and therefore smaller sweat losses of these individuals.
However, care should be taken by the substitutes who spent almost the
entire match sitting on the bench with constant access to fluid. There might
be some disadvantages for these players in consuming too much fluid if they
are then called on to take part in the game (Maughan et al. 2007).

There was no statistically significant relationship between the sweat
loss and the fluid ingested by the players, despite a more than trivial
association (r? = 0.5), perhaps confounded by a relatively small sample size.
Nevertheless, studies to date have also been unable to find such a
relationship (Godek et al. 2008; Maughan et al. 2005, 2007). However,
unpublished observations of young Brazilian soccer players during training
undertaken by our laboratory have shown a significant relationship between
fluid intake and estimated sweat loss. During training activities, however, the
coaching staff scheduled regular breaks in activities to allow the players to
consume the fluid ad libitum and players had more opportunity to drink than
during the matches. Replication of the current design with a greater number
of subjects might provide increased power and further enhance our ability to
achieve statistical significance.

It has been assumed that athletes with greater BM, particularly lean
muscle mass, have a higher metabolic rate and a greater BSA, which would
promote higher rates of sweating compared with smaller BSA athletes
exercising at the same intensity (Godek et al. 2008). In the present study
however, there was no statistically significant relationship between BSA and
sweat rate, as opposed to the study of Godek et al. (2008) that investigated
American football players and reported an association between sweat rate
and BSA. Male athletes participating in sports such as soccer have relatively
homogeneous physical characteristics. Young Brazilian soccer players are
typically average-sized athletes with a height of 173 cm to 177 cm, a mass of
60 kg to 71 kg, and a BSA of 1.71 m? to 1.87 m? (Silva et al. 2008). Unlike
the athletes of the present study, American football players present a
heterogeneous population with greater variations in height, mass, BSA, and
percentage of body fat. Therefore, it is plausible to expect that sweat rates

and sweat losses would differ in these groups.
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Studies that have measured the hydration status of soccer players in a
free-living situation prior to exercise have observed that they typically start
the exercise dehydrated (Maughan et al. 2005, 2007). In the present study,
we classified as dehydrated the individuals with USG above 1020, as
suggested by the National Athletic Trainers’ Association for trained athletes
(Casa et al. 2000). Mean values of pre-game USG (1020 + 0.004) suggest
that the players were not dehydrated at the beginning of the game. Coaching
staff and players may also have been vigilant in encouraging a high fluid
intake due to the importance of the game. Individual analyses, however,
make it clear that not all players were well hydrated before the match (10 out
of 15 players had pre-game USG greater than 1020) in spite of the game
being played late in the morning and affording ample opportunities for fluid
intake in the hours beforehand. After the game however, none of the players
presented with USG greater than 1020. However, this may not necessarily be
interpreted as displaying better hydration during the game, as players still
developed mild dehydration (1.62 £ 0.78% of BM) by the end of the match.
Some researches argue that the first morning urine void is the most
representative of the hydration status of an individual (Casa et al. 2005). In
practice, however, this is not always what is collected to estimate the
hydration status of an individual and the validity of the first morning void as
an index of hydration status has been debated (Armstrong 2005). To avoid
changing the behavior of players in the present study, collections were made
at the time the players arrived at the match ground. In addition, the validity of
USG measures is questionable following acute changes in BM, as would
occur following exercise-induced sweat loss (Oppliger et al. 2005). While
antidiuretic hormone secretion is not stimulated leading to water
conservation, USG measures will remain lower indicating better hydration
than the actual hydration state. The lag between exercise-induced
dehydration and the point of urine collection needs further investigation, so
the true extent of hypohydration in these players is unknown.

When total fluid intake during the game was correlated with the pre-
game USG and thirst sensation, no significant relationship was observed.
This is in contrast to a previous report in which the volume of fluid ingested
by players training in a cool environment was significantly related to the pre-
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training urine osmolality (Maughan et al. 2005). Others have argued that the
lack of correlation between USG and fluid intake may be due to the thirst
mechanism (Osterberg et al. 2009). The sensation of thirst typically lags
behind the fluid deficit, and dehydration may reach 2% to 3% of BM before
an increase in plasma osmolality stimulates the thirst mechanism (Greenleaf,
1992). In addition, the sensitivity of the USG for acute hydration status as
discussed earlier might also explain the absence of association. Popowski et
al. (2001) observed that USG lags behind changes in plasma osmolality.
During dehydration, plasma osmolality increased with each percentage point
of BM lost, but USG did not change from the baseline until BM loss reached
3% (Popowski et al. 2001).

Due to practical difficulties in obtaining reproducible and sufficiently
frequent data during match-play, future studies might explore the magnitude
of the solute loss on sweat of young soccer players as well as if performance
is affected by the fluid deficit reported in the present study. The lack of this
information is due in part to problems associated with the reluctance of
managers to allow experimental procedures that might distract players from
their immediate concerns with the outcome of the match. Therefore, we were
not allowed to apply anything on players’ skin such as absorbent patches for
sweat collection or develop any extra effort in the players such as to test
performance. It has been argued, however, that a small loss in BM is unlikely
to have any detrimental effect on performance in a task such as a soccer
match (Edwards and Noakes, 2009), and encouraging players to consume
more fluid than they need to maintain physiological function may be counter-

productive (Maughan et al. 2004).

CONCLUSION

These results show that although mean values of pre-game USG
indicated that players were not dehydrated prior to the game, individual
analysis show that some players were likely hypohydrated before kickoff. It is
worthwhile to educate players about the importance of pre-game hydration.
In spite of the athletes’ small BSA and the reduced match-play time, mean

sweat rates were high and some players incurred fluid deficits of about 3% of
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BM. The mean fluid intake was about half of the mean sweat loss, indicating
that under match-play conditions, fluid replacement remains a challenge for

certain athletes.
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RECOMENDAGOES PRATICAS

Com base nas informagdes obtidas nos trés artigos que constituem
essa dissertacdo recomenda-se que os atletas de futebol sejam melhor
instruidos quanto a importancia da hidratacdo antes, durante e apds a
pratica esportiva procurando sempre manter um equilibrio hidrico. Para que
este equilibrio seja mantido, o atleta pode monitorar constantemente o seu
peso corporal antes e apds cada sessao de treinamento ou jogo, e, a partir
das variagdes verificadas, planejar junto a comissao técnica a melhor
estratégia para reposicao de liquidos.

Tendo em vista que as variagdes diarias na produgao de suor e
consequentemente na perda hidrica sdo decorrentes de diversos fatores,
como intensidade e duragdo do treinamento, temperatura ambiente,
aclimatacéo e nivel de condicionamento, a estratégia de hidratagdo adotada
deve ser estruturada individualmente e flexivel as caracteristicas inerentes a
cada atleta.

Por fim, a fim de que com a melhora da palatabilidade da solug&o haja
um aumento do volume de liquido ingerido proximo aos valores perdidos
pelo suor, recomenda-se que a solugdo oferecida aos atletas para
hidratagdo seja moderadamente gelada (entre 15 e 22°C) e contenha
compostos (carboidrato, sodio, aroma) que agreguem sabor atrativo ao

gosto do atleta.
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SUGESTOES PARA NOVOS ESTUDOS

Considerando os aspectos metodoldgicos desenvolvidos nos estudos
realizados nesta dissertagdo, bem como o referencial Dbibliografico
consultado, estudos futuros, valendo-se da possibilidade da utilizacdo de
procedimentos mais invasivos, como a mensuragdo da osmolaridade
sanguinea, podem ajudar a estabelecer o real grau de desidratagdo dos
atletas apos treinamento e competicdo, o que nao foi possivel utilizando
somente a técnica da gravidade especifica da urina.

Além disso, a aplicacao de testes de desempenho especificos antes
e ao final de cada sess&o de treinamento ou competicdo ajudara a
determinar se os habitos de hidratacdo adotados pelo atleta durante o
exercicio e que refletiu em um determinado grau de desidratagdo ao final do
treinamento interfere no rendimento.

Da mesma forma, € importante conhecer os minerais perdidos no suor
dos jogadores durante o treino e competi¢cdo, a magnitude absoluta e relativa
tanto por regido corporal como pelo tempo, o que nao foi abordado nesta
dissertacao.

Investigagbes futuras podem ainda contemplar a relagdo da perda
hidrica, volume ingerido, e nivel de desidratacdo inicial a partir de extratos
das amostras, como a fungdo e posicionamento de cada jogador, aliado a
mensuragao de variaveis importantes como; velocidade e distancia
percorrida pelo jogador, velocidade e direcdo do vento, que irdo ajudar a
compreender melhor as razdes que levam a grande variabilidade encontrada

nos parametros estudados.
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CONSIDERAGOES FINAIS

Diante da analise do primeiro artigo pode-se concluir que os efeitos da
temperatura em situagbes de repouso, considerando o tempo total de
esvaziamento gastrico, sdo considerados minimos, uma vez que a
temperatura intragastrica apos a ingestdo da bebida normaliza-se
rapidamente, inibindo qualquer agao mais intensa da temperatura do liquido.
Solugbes geladas ingeridas em repouso aumentam ligeiramente o
esvaziamento gastrico, e, mesmo que seus efeitos ndo sejam significativos,
deve-se evitar o uso de solugdes com temperaturas extremas em situagdes
pré-exercicio, a fim de ndo colaborar com os efeitos nocivos do estado
emocional do atleta no trato gastrintestinal. Contudo, bebidas refrigeradas
promovem o0 aumento da palatabilidade; logo, o seu consumo deve ser
monitorado, procurando sempre manter um equilibrio hidrico.

A partir dos resultados do segundo artigo pode-se concluir que grande
parte dos atletas de futebol juvenil estavam desidratados antes do inicio do
treinamento nos dias em que foram avaliados. A produg¢ao de suor pode ser
consideravel (> 3,5 L em aproximadamente 2,5 h de treino) nos atletas que
vivem em clima tropical apesar da idade. O consumo de liquidos durante o
treinamento dificiimente se equivale ao volume de suor produzido,
principalmente nos dias mais quentes. Entretanto, estimular a percepcao
individual de perda hidrica por parte dos atletas pode ser também relevante
do que ter somente a sensacédo de sede como referéncia para a hidratacao.
Independentemente das condi¢des ambientais ha uma grande variabilidade
na produgao de suor entre os atletas, o que reforca os argumentos quanto a
necessidade de se individualizar as estratégias de hidratagao.

Os dados do terceiro artigo permitem concluir que embora os valores
médios da GEU indicassem um estado adequado de hidratacdo antes da
partida, uma analise individual revela que varios atletas estavam
hipohidratados antes da partida sendo importante educar os jogadores a
respeito da necessidade de uma boa hidratacao prévia a atividade. Apesar
da menor superficie de area corporal e do tempo reduzido de jogo em

relacdo a individuos adultos, a taxa de producdo de suor foi elevada e
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alguns atletas chegaram a ter redug¢des de 3% da massa corporal. A média
do volume de liquido ingerido foi quase a metade da meédia do suor
produzido indicando que em situagdes de competicdo a hidratagao

permanece um desafio para certos atletas.
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ANEXO 1

MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DE VICOSA
COMITE DE ETICA EM PESQUISA COM SERES HUMANOS

Campus Universitario - Vigosa, MG - 36570-000 - Telefone: (31) 3899-1269

Of. Ref. N° 068/2009/Comité de Etica

‘ Vigosa, 20 de agosto de 2009.

Prezada Professora:

Cientificamos V. $¢. de que o Comité de Ftica em Pesquisa
com Seres Humanos, em sua 4* Reunido de 2009, realizada em 18-8-2009,
analisou, sob o aspecto ético, e aprovou, o projeto de pesquisa intitulado
Estudo do balango hidrico de atletas e praticantes de atividade fisica.

Atenciosamente,

Professor Gilbertg Paixdo Rosado
Comité de Etica em Pesduisa com Seres Humanos
Presidente

Ao Professor
Jodo Carlos Bouzas Marins
Departamento de Educacéo Fisica

/rhs
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ANEXO 2

Universidade Federal de Vigosa
Departamento de Educacéo Fisica
Laboratério de Performance Humana

Avaliado:

TERMO DE CONSENTIMENTO

“Concordo voluntariamente em me submeter a uma pesquisa, que
tem como finalidades avaliar o estado de hidratagdo de praticantes de
atividade fisica prévio a atividade e o balango hidrico de atletas durante o
treinamento e competicdo, no qual serdo avaliadas as respostas
sensoriais, subjetivas e fisiolégicas do meu processo de hidratagdo. Sou
sabedor que esta avaliacdo sera realizada antes, durante e apds a minha
pratica de atividade fisica habitual e que havera procedimentos de coleta
de urina antes e depois da atividade. Estou ciente da possibilidade de
aparecimentos de sintomas como cansaco, elevagcao da frequéncia
cardiaca e sudorese, durante a pratica ou ao final desta; sintomas estes,
normalmente observados em minha atividade fisica habitual. Sou sabedor
ainda que n&o receberei nenhum tipo de vantagem econdémica ou material
por participar do estudo, além de poder abandonar a pesquisa em qualquer
etapa de seu desenvolvimento. Estou em conformidade que meus
resultados obtidos, sejam divulgados no meio cientifico, sempre
resguardando minha individualidade e identificagdo. Declaro ainda que néo
sou possuidor de nenhuma comprometimento metabdlico ou organico que
me impeca de realizar um exercicio fisico. Estou suficientemente
informado pelos membros do presente estudo, sobre as condicdes em que
irdo ocorrer as provas experimentais, sob responsabilidade do mestrando
Rafael Pires da Silva e orientagdo do prof. Dr. Jodo Carlos Bouzas Marins”.

Prof. Dr. Jodo Carlos Bouzas Marins
Orientador

Rafael Pires da Silva
Mestrando

Voluntario ou responsavel
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ANEXO 3

ESCALA DE SESAGCAO SUBJETIVA DE SEDE

SENSACAO DE SEDE

Nenhuma sede

1-
2
3
4
5
6
7
8
g-

Sede extrema

(Maresh et al., 2004)
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ANEXO 4

ESCALA DA PALATABILIDADE

PALATABILIDADE DA BEBEIDA

1 — Nao gostei

2
3
4
5
6
7
8
9

10 — Gostei extremamente

(Peryam and Pilgrim, 1957)
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