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RESUMO

A presente tese de doutoramento foi constituida por trés estudos cientificos e teve como objetivo geral
analisar o efeito da temperatura ambiente no desempenho fisico e antecipatério em jogadoras de futebol de
elite ap0s a realizagdo de um protocolo de exercicio intermitente. E, os objetivos especificos definidos foram:
(i) identificar, selecionar e analisar sistematicamente a literatura acerca da relacdo que o efeito da temperatura
ambiente exerce nas demandas fisicas e nos julgamentos antecipatérios de jogadores e jogadoras de futebol
durante a realizacdo de protocolos de exercicio especificos do futebol; (ii) analisar o efeito de um protocolo de
exercicio intermitente na taxa de producdo da forca em jogadoras de futebol de elite portuguesas através do
teste de salto em contramovimento e (iii) analisar o efeito da temperatura ambiente nas habilidades fisicas e
antecipatdrias em futebolistas do sexo feminino durante a realizacdo de um protocolo de exercicio
intermitente.

No primeiro estudo realizado as bases de dados utilizadas foram a PubMed, Scielo, Scopus, SPORTDiscus
e Web of Science. O segundo estudo (piloto) avaliou o efeito de um protocolo de esforgo intermitente na
taxa de producdo da forca explosiva através do teste de salto em contramovimento em 12 jogadoras de
futebol de elite portuguesas. O terceiro estudo experimental analisou como a temperatura ambiente elevada
(38° C) afeta 0 desempenho fisico e a capacidade de antecipacédo de 21 jogadoras de futebol de elite feminino
durante um protocolo de exercicio intermitente indutor de fadiga. As participantes realizaram saltos em
contramovimento e responderam a a¢des de jogo ofensivas filmadas em condic¢Ges de temperatura ambiental
de 20° C e 38° C, com uma semana de intervalo entre as condicdes.

Os resultados obtidos nos diferentes estudos evidenciaram: (i) 1.289 estudos cientificos foram encontrados
na literatura da especialidade, no entanto nenhum dos artigos atendeu aos critérios P.1.C.O.S. adotados,
resultando em um total de zero artigos elegiveis; (ii) as futebolistas de elite apresentaram um decréscimo
significativo do salto em contramovimento (p < 0.01) entre os dois momentos de avaliagdo (pré vs pos-
protocolo); (iii) em condi¢des de temperatura ambiente amena, e apds a realizagdo do protocolo de exercicio
intermitente, as futebolistas apresentaram uma reducdo de desempenho no salto em contramovimento
(p<0,05), mas esta redugéo foi superior quando as futebolistas foram expostas a condi¢fes de elevada
temperatura ambiente (p<0,05). Também, a exposicdo a elevada temperatura ambiente provocou
decréscimos significativos na capacidade antecipatéria das futebolistas quando comparada as condi¢des de
temperatura ambiente amena (64,41% vs 53,44%; p<0,001).

Assim, a presente tese de doutoramento demonstrou que se verificou uma caréncia de estudos cientificos
para melhor compreender o efeito que a temperatura ambiente exerce nos desempenhos fisicos e
antecipatdrios das jogadores de futebol; o protocolo de exercicio intermitente a que as futebolistas de elite
foram sujeitas induziu uma reducdo no desempenho do salto em contramovimento; e, por Gltimo, a exposicéo
ao exercicio em elevada temperatura ambiente reduziu significativamente o desempenho fisico e cognitivo

das futebolistas seniores femininas.

Palavras-chave: Futebol; Feminino; Forca; Antecipacédo; Condi¢Bes ambientais.
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ABSTRACT

This doctoral thesis integrated three scientific studies and its general aim was to analyze the effect of ambient
temperature on physical and anticipatory performance in elite female soccer players after performing an
intermittent exercise protocol. Moreover, the specific aims were: (i) to systematically identify, select and
analyze the literature on the relationship that the effect of ambient temperature has on the physical demands
and anticipatory judgments of soccer players during the performance of football-specific exercise protocols;
(ii) to analyze the effect of an intermittent exercise protocol on strenght in Portuguese elite soccer players
through the countermovement jump test and (iii) to analyze the effect of ambient temperature on physical and
anticipatory skills in female footballers during the performance of an intermittent exercise protocol.

In the first study, the databases used were PubMed, Scielo, Scopus, SPORTDiscus and Web of Science. The
second study (pilot) evaluated the effect of an intermittent exercise protocol on strenght using the
countermovement jump test in 12 elite Portuguese soccer players. The third experimental study analyzed how
high ambient temperature (38° C) impact the physical performance and anticipatory ability of 21 elite female
soccer players during a fatigue-inducing intermittent exercise protocol. The participants performed
countermovement jump and responded to offensive game actions filmed in ambient temperature conditions of
20° C and 38° C, with a one-week interval between conditions.

The results obtained from the different studies showed: (i) 1,289 scientific studies were found in the specialist
literature, however none of the articles met the P.I1.C.O.S. criteria adopted, resulting in a total of zero eligible
articles; (ii) elite female footballers showed a significant decrease in countermovement jump (p < 0. 01)
between the two moments (pre- vs. post-protocol); (iii) in mild ambient temperature conditions, and after
performing the intermittent exercise protocol, the female footballers showed a reduction in countermovement
jump performance values (p<0.05), but this reduction was greater when the participants were exposed to high
ambient temperature conditions (p<0.05). Exposure to high ambient temperature also caused significant
decreases in the footballers' anticipatory ability when compared to mild ambient temperature conditions
(64.41% vs 53.44%; p<0.001).

Thus, this doctoral thesis has shown that there is a lack of scientific studies to better understand the effect that
ambient temperature has on the physical and anticipatory performance of football players; the intermittent
exercise protocol to which elite football players were subjected induced a reduction in the countermovement
jump performance; and, finally, exposure to exercise in high ambient temperature significantly reduced the
physical and cognitive performance of female elite football players.

Keywords: Soccer; Female; Strength; Anticipation; Environmental conditions.
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INTRODUCAO GERAL

O futebol € muito mais do que um esporte, € uma paixdo global que transcende
culturas e fronteiras (Croci & Ammirante, 1999). Em todo o mundo, milhdes de pessoas
acompanham e praticam o futebol, tornando-o uma parte essencial da sociedade
contemporanea (Costa Ciampa et al., 2010). No entanto, quando se trata de pesquisas
académicas relacionadas ao futebol, se verifica uma tendéncia historica de focar
principalmente no futebol masculino, relegando o futebol feminino a um segundo plano
(Hoffmann et al., 2006). Assim, a presente tese de doutoramento representa um esforco
pioneiro e essencial para preencher essa lacuna, reconhecendo a importancia do futebol
feminino e explorando a influéncia da temperatura (temperatura ambiente amena vs
temperatura ambiente elevada) no desempenho fisico e cognitivo das futebolistas de elite.

O futebol feminino tem crescido exponencialmente nas Ultimas décadas, ganhando
visibilidade e reconhecimento mundial (Kjeer & Agergaard, 2013). O desenvolvimento do
futebol feminino ao longo dos anos representa uma jornada notavel de crescimento e
evolucdo em varias frentes, especialmente no ambito esportivo e profissional (Culvin,
2021). Uma das mudancas mais marcantes no futebol feminino foi a ascensdo do
profissionalismo (Culvin, 2019). Alias, nas ultimas décadas, se testemunha um aumento
significativo no numero de ligas e clubes que oferecem contratos profissionais para as
futebolistas (Klein, 2018), o que, juntamente com o aumento da competitividade e do
compromisso das jogadoras em alcancar niveis de exceléncia cada vez mais elevados, se
torna imperativo que a pesquisa cientifica acompanhe esse progresso e contribua para a
compreensdo dos fatores que afetam o desempenho das futebolistas.

Nos Ultimos anos, a comunidade cientifica tem procurado acompanhar, de perto,
o0 tema da exposicdo dos futebolistas durante a competicdo a condi¢Oes de temperaturas
elevadas. Essa tematica, que ganhou notoriedade nas discussdes esportivas e cientificas,
tornou-se um foco de preocupacéo desde a edi¢do da Copa do Mundo de 2014 (Chmura
etal., 2017), realizada no Brasil, e permaneceu como um tema crucial na Copa do Mundo
de 2022, no Catar (Sofotasiou et al., 2015).

Recentemente, 0 Comité Olimpico Internacional (COI) destacou a necessidade de
médicos e pesquisadores cientificos colaborarem na obtengéo de dados sobre a populagdo
especifica de atletas de elite que praticam exercicios em ambientes desafiadores (Bergeron

et al., 2012). Varias federacOes internacionais, incluindo a Féderation Internationale de
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Football Association (FIFA), responderam a este desafio criando um sistema de vigilancia
para avaliar as condi¢fes ambientais durante suas competi¢fes (Racinais et al., 2015).

A exposicdo ao calor parece ter um impacto significativo na performance em
futebolistas (Maughan et al., 2010), afetando ndo apenas seu desempenho técnico, mas
também seus fatores de rendimento fisico e cognitivo (Bandelow et al., 2010). Sob
elevadas temperaturas, o corpo humano enfrenta um desafio consideravel para manter a
temperatura interna estvel (Tattersall et al., 2012), em que os futebolistas sdo
particularmente vulneraveis a essas condigdes adversas devido a natureza intensa e
dindmica do jogo (Shirreffs et al., 2005).

O calor excessivo aumenta a sudorese dos futebolistas, levando a uma perda rapida
de liquidos e eletrdlitos (Bergeron, 2003). Isso pode resultar em desidratacdo, o que
compromete a capacidade do corpo em regular a temperatura interna (Maughan &
Shirreffs, 2010). Além disso, a desidratacdo afeta a resisténcia fisica, a forca muscular e a
coordenacgdo motora (Périard et al., 2012).

A forca é uma valéncia fundamental na dimensdo fisica do futebolista, estando
diretamente ligada a habilidade dos jogadores em saltar mais alto, correr mais rapido e
manter a posse de bola sob pressao (Silva et al., 2015). Também, a forca influencia o
desempenho individual dos futebolistas de varias maneiras, ou seja, jogadores mais fortes
tém a capacidade de imprimir mais poténcia em seus remates a baliza, aumentam a sua
resisténcia em sprints e tem maior resisténcia a desarmes de adversarios (Rgnnestad et al.,
2011). Além disso, a forga é crucial na prevencao de lesBes, uma vez que futebolistas mais
fortes tendem a ser mais resistentes ao aparecimento de lesdes musculares (Croisier et al.,
2008). Nao obstante, a forca também contribui para a resisténcia geral, permitindo que os
futebolistas mantenham um alto nivel de desempenho ao longo de uma partida (Rgnnestad
etal., 2011).

Assim, a capacidade dos futebolistas em gerar forca foi objeto de estudo por
Morcillo et al. (2015). Os autores se propuseram estudar a influéncia de um protocolo
indutor de fadiga na capacidade de producdo de forca (atraves do salto de
contramovimento- CMJ) em 18 jogadores de futebol que jogam em uma equipe
profissional da Primeira Divisdo da Liga Nacional Espanhola. Os resultados encontrados
permitiram verificar uma perda de 8% na altura do salto entre 0 momento pré-fadiga e
pos-fadiga.

Por outro lado, e em relacdo ao sistema cognitivo, o calor parece afetar
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negativamente a funcdo cerebral dos jogadores (Bandelow et al., 2010). A temperatura
ambiente elevada acelera o processo de desidratacdo, que resulta em uma reducdo na
velocidade do processamento cognitivo, afetando a memdria de curto prazo e a habilidade
de tomar decisGes rapidas e assertivas (Adan, 2012). Inclusivamente, em condi¢fes
extremas, futebolistas podem experimentar confusdo mental e falta de concentracéo, o que
compromete seu desempenho tatico e estratégico em campo (Smith et al., 2018).

A antecipacdo e a tomada de decisdo no futebol sdo habilidades cruciais que
transcendem a mera técnica dos futebolistas (Williams & Reilly, 2000). Estar a frente do
jogo, ler as jogadas antes de acontecerem e tomar decisdes eficazes e eficientes sdo
elementos fundamentais para o sucesso no campo (Carling et al., 2008). A capacidade de
antecipar os movimentos dos adversarios, ler o jogo e agir proativamente é tdo valiosa
quanto a destreza técnica, jA que isso permite que os futebolistas se posicionem
adequadamente e ajam com eficiéncia, muitas vezes antes mesmo da jogada se desenrolar
completamente (Rojas Ferrer et al., 2020).

Embora ndo tenha sido realizado com futebolistas do sexo feminino, Donnan et al.
(2022) investigaram o efeito da exposicdo a temperatura ambiente elevada (32° graus
Celsius- C, 50% Umidade relativa- UR) e a temperatura ambiental amena (18°C, 50%
UR) no desempenho fisico e na tomada de decisdo em nove futebolistas do sexo
masculino, apds completarem em cicloergbmetro um protocolo de sprint intermitente com
duracdo de 92 minutos e, simultaneamente, responderem a um conjunto de cenarios
extraidos do jogo de futebol. Dos resultados observados, se destacaram que o grau de
acerto da tomada de deciséo foi significativamente prejudicado na condi¢cdo de calor em
comparagdo com a condicao de temperatura ambiente amena.

Atualmente, a disparidade de praticantes da mesma modalidade esportiva em
sexos diferentes no mundo do esporte € um tépico amplamente discutido e documentado
pela comunidade cientifica e desportiva (Carvalho, 2023). Quando se trata de estudos e
pesquisas relacionados ao futebol, uma diferenca notavel se destaca, isto é, a maioria dos
estudos se concentra nos praticantes do sexo masculino, enquanto as praticantes do sexo
feminino frequentemente ficam em segundo plano (Graf & Fleischhacker, 2023).

Essa disparidade nas pesquisas reflete uma realidade mais ampla no mundo
esportivo, onde o futebol masculino historicamente recebeu muito mais atencéo,
investimento e recursos do que o futebol feminino (Valenti et al., 2021). No entanto, a

medida que a modalidade feminina ganha visibilidade e reconhecimento, merecidos,
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parece ser fundamental abordar essa desigualdade, também, no campo da pesquisa
cientifica.

A Agenda 2030 da Organizacdo das NacGes Unidas (ONU) € um marco
significativo, em que definiu metas e objetivos globais para um futuro mais sustentavel e
igualitario (Assembly, 2015). Dois dos pilares fundamentais dessa agenda séo a busca pela
igualdade de género e a preocupagdo com as mudancgas climéticas, incluindo o
aquecimento global. E nesse contexto amplo e crucial que a presente tese de doutoramento
se enquadra, isto porque estuda o efeito da exposicdo a temperatura ambiente elevada
(38°C) em futebolistas do sexo feminino no desempenho fisico e cognitivo (tema este que,
até agora, permaneceu em grande parte ndo explorado).

O futebol € um esporte que demanda dos futebolistas um esforco intermitente, isso
significa que ao longo de uma partida, os jogadores alternam entre momentos de alta
intensidade, como sprints, dribles e disputas de bola, e periodos de menor atividade, como
quando se estdo reposicionando no campo (Dolci et al., 2020). Um protocolo intermitente
que replica o esforco exigido de uma jogadora de futebol em campo oferece uma vantagem
significativa ao proporcionar uma representacdo realista dos desafios enfrentados por
essas atletas. Ao reproduzir a natureza intermitente do jogo, com variagdes na intensidade
e nas pausas de esforco, esses protocolos permitem uma avaliagdo mais precisa do
desempenho e das respostas fisico-fisioldgicas das jogadoras (Dellal et al., 2010).

Por outro lado, e também extremamente importante, a simulagdo em laboratério
oferece um ambiente controlado e seguro, onde 0s pesquisadores podem monitorar de
perto as atletas, garantindo seguranca, reprodutibilidade dos estudos e fiabilidade dos
resultados (Svensson & Drust, 2005), reduzindo significativamente o risco de exaustao
por calor, desidratacdo e outros problemas de salde relacionados ao calor (Svensson &
Drust, 2005).

Para contextualizar a relevancia deste estudo, é importante destacar a escassez
alarmante de estudos que investigam o efeito da temperatura ambiente nos fatores fisicos
e cognitivos em futebolistas do sexo feminino. Esta lacuna de conhecimento se torna ainda
mais evidente quando se trata de jogadoras de futebol de elite, cujas exigéncias e respostas
podem diferir significativamente dos jogadores masculinos.

Neste sentido, a presente tese de doutoramento se apresenta como uma
contribuicdo significativa para a ciéncia do esporte, para o avanco do futebol feminino e

para a abordagem de temas cientificos globais e urgentes a serem analisados. Esperamos
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que nossas descobertas inspirem futuras pesquisas, orientem treinadores e profissionais da
area cientifica e, 0 mais importante, habilitem as jogadoras de futebol a alcancarem seu
potencial maximo em todas as condi¢Ges ambientais a que estdo sujeitas.

Face ao acima exposto, a presente tese de doutoramento teve como objetivo geral
estudar o efeito da temperatura ambiente na performance fisica e antecipatéria em
futebolistas seniores femininas. Para se dar cumprimento ao anteriormente exposto, se
definiram os seguintes objetivos especificos:

(i) Extrair e interpretar dados de estudos publicados que analisem o efeito da
temperatura ambiente nas demandas fisicas, fisioldgicas e nos julgamentos antecipatérios
de jogadores de futebol durante protocolos de indu¢éo de fadiga especificos para o futebol
e, posteriormente, analisar, descrever e resumir as interpretacdes dos estudos elegiveis (Estudo
;

(ii) Desenvolver um estudo piloto que permita verificar o efeito de um protocolo
laboratorial de exercicio intermitente no desempenho da taxa de producdo de forca em
jogadoras de elite do futebol portugués (Estudo II);

(iii) Analisar o efeito da temperatura ambiente nas habilidades fisicas e
antecipatorias em futebolistas do sexo feminino durante a realizacdo de um protocolo de
exercicio intermitente (Estudo Il1).

Assim, considerando os objetivos anteriormente mencionados, espera-se encontrar,
no primeiro estudo, pesquisas focadas nos impactos das temperaturas ambientais nas
exigéncias fisicas e nos julgamentos antecipatérios em jogadores e jogadoras de futebol
durante protocolos especificos de inducgéo de fadiga; no segundo estudo se espera que apds
a realizacdo de um protocolo de exercicio intermitente as jogadoras apresentem um
decréscimo no desempenho do salto de contramovimento; e, por fim, no terceiro estudo se
perspectiva que a exposicdo a temperaturas ambientais elevadas afetard negativa e
significativamente o desempenho fisico e antecipatdrio das futebolistas do sexo femino apés
a realizacdo de um protocolo de exercicio intermitente, em comparacdo a exposicao a
temperatura ambiente amena,

A presente tese de doutoramento se encontra organizada em Introducéo Geral, onde
se introduz o tema em estudo, seu racional cientifico e se descreve os principais objetivos e
respectivas hipoteses; os trés capitulos (I, 1l e 111) se apresentam estudos originais publicados
em revistas cientificas internacionais, com revisdo de pares, de acordo com as suas normas

de redacdo; de seguida, se apresenta a Discussdo Geral, onde se debate conceptualmente as
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diversas evidéncias cientificas neste dominio; as concluses finais da tese de doutoramento
se encontram descritas na Concluséo; elencam-se nas referéncias bibliograficas a literatura

consultada e utilizada na Introducéo Geral e Discussdo Geral; e, por fim, se apresentam os
Anexos.
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CAPITULO |

ESTUDO |

Effects of ambient temperature on physical and physiological
demands and player’s judgment ability assessed by a football-

specific fatigue-inducing protocols: A systematic review
(Journal of Human Sport & Exercise, 2023, september. https://doi.org/10.14198/jhse.2023.184.20)
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CAPITULO |

Estudo I- Effects of ambient temperature on physical and physiological
demands and player’s judgment ability assessed by a football-specific
fatigue-inducing protocols: A systematic review

(Journal of Human Sport & Exercise, 2023, september. https://doi.org/10.14198/jhse.2023.184.20)
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1.1 ABSTRACT

We systematically reviewed the effect of ambient temperature on football players’
performance during a football-specific fatigue protocol. Data sources: Cochrane Library,
PubMed, Scopus, SPORTDiscus, Web of Science. Eligibility criteria followed the P.I1.C.O.S.
approach: (i) Healthy football players regardless of sex, age, or competitive level; (ii)
football-specific fatigue-inducing protocol followed by assessment of anticipatory
judgments, under controlled temperature conditions; (iii) Comparison groups using a
different temperature during the foot-ball-specific fatigue-inducing protocols; (iv) Outcomes
included measures of anticipation, and/or physical or physiological tests; (v) No limitations
regarding study design, if (ii) and (iii) were present. The searches resulted in 1,289 titles.
However, none of the articles met the P.1.C.0O.S. adopted, resulting in a total of zero eligible
articles for the systematic review. Therefore, from a critical review of the existing literature,
it must be concluded that evidence bases of sufficient scientific quality for the understanding
the effect of temperature on physical and physiological demands and anticipatory judgments
of football players is simply lacking. This should strongly motivate the scientific community
to engage in research on the topic, to test if theoretical assumptions are accurate.

Keywords: Soccer; Decision-Making; Environment; Heat; Evaluation.

1.2 INTRODUCTION

Exposure to heat is a factor that can affect the performance of players who need to
perform intermittent effort (Drust et al., 2000). Invasion field games, such as football, are
characterized by intermittent activity profiles (Drust et al., 2000). Football match-play
requires players to cover 10-12km (White et al., 2018) and perform a wide variety of
activities ranging from walking to sprinting, with frequent and irregular intensity changes
(Hamdan et al., 2022). Football simulation protocols aim to replicate the movement patterns
and physiological demands of match-play (Drust et al., 2000; Nicholas et al., 2000; Russell
et al.,, 2011; Thatcher et al., 2004), which is why researchers designed free running
intermittent exercise protocols to simulate the activity pattern characteristics of football
(Drust et al., 2000). However, several factors such as the omission of game specific skills
(Russell et al., 2011), and the use of a non-grass surface might reduce the ecological validity

of these protocols (Russell et al., 2011).
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To cope with this limitation, modified protocols have been implemented to
investigate football-specific skills (Ali et al., 2008; Foskett et al., 2009; Rostgaard et al.,
2008), in which these protocols take into account that football requires mental concentration
and situational-cognitive awareness to make the right tactical and technical decisions
(Campoetal., 2011). Football is also cognitively demanding as it requires sustained attention
to make quick, accurate decisions based on the retrieval and processing of information from
a dynamic environment (Nédélec et al., 2012). These demands suggest that football may also
be mentally fatiguing, with reductions in performance resulting from a combination of
physical and mental fatigue. Successful football performance incorporates both physical and

mental dimensions (Smith et al., 2016).

The ability to anticipate and make accurate decisions in a timely manner is
fundamental to high-level performance in football (Williams et al., 2019). Decision-making
is the ability to select and execute the appropriate action based on the current circumstances
on the field of play, as well as the demands of the game strategically and tactically (Baker et
al., 2003), which is considered essential in team sports, such as football (Gonzaga et al.,
2014). For example, passing performance in football becomes important because an accurate
pass may reach a teammate who is directly or indirectly unmarked and therefore create a
chance to score a goal; it may also reach a teammate who is in the most advantageous
position (Romeas et al., 2016). Considering the perceptual-cognitive processes underpinning
decision-making (Casanova et al., 2013) and the amounts of information given to the athletes
every moment, it is likely that football players may not make the best decisions if a
perceptual-cognitive component is compromised (i.e. the athlete is mentally fatigued)
(Gantois et al., 2020).

A key question for researchers, coaches, and practitioners is how to design practice
activities and realistic environments so that athletes acquire and improve the ability to
anticipate and make accurate decisions (Ford et al., 2019). For that to be possible, however,
the relationships between certain environmental features, such as temperature, and

performance require more investigation and investment, as well.

During some football competitions, such as the World Cup in Brazil in 2014 and the
recent tournament in Qatar in 2022, players are forced to compete in hot and humid
environments (Chmura et al., 2017; Sofotasiou et al., 2015), which, if hot enough and

combined with high-intensity exercise, can lead the player to experience heat stress and
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eventually hyperthermia (Meylan et al., 2021). Hyperthermia is characterized by an
elevation in core (Tc) and skin temperature; an increase in sub-maximal exercise heart rate
(HR); and, with subsequent dehydration, a reduction in peripheral blood flow and an
eventual reduction in sweat rate, resulting in a decline in performance (Chalmers et al., 2014;
Pryor et al., 2019; Racinais et al., 2015).

In this context, football is a sport with high physiological intensities that has the
potential to result in greater heat-induced metabolic stress compared to other team sports
(Chalmers et al., 2014; Datson et al., 2014). Previous research in high-level football players
has shown how playing in temperature above 21°C and associated hyperthermia (Buchheit
et al., 2011; Carling et al., 2011; Mara et al., 2015; Mohr et al., 2012) are negatively
correlated to match performance resulting in a decrease in the total running distance covered,
reduction of the high-intensity running speed, and the number of fast directional movements
(acceleration and deceleration). Therefore, enhancing environmental preparation is required

to optimize football performance in heat environments (Meylan et al., 2021).

Albeit some efforts were made to investigate the relationship between temperature
and anticipation in sport, the results obtained from several studies were heterogeneous
(Fortes et at., 2018; Gonzaga et al., 2014; Slattery et al., 2019) and considering the pattern
established for the searches in the present study, 49 articles focused on some mutual themes
proposed and were treated as systematic reviews. Some of studies have investigated the
effects of acute exercise on cognitive performance (Chang et al., 2012), the impact of fluid
consumption on athletic and cognitive performance (McCartney et al., 2017), the
development of fatigue during a real football game (Silva et al., 2018), the different
physiological markers of training load monitoring in football (Djaoui et al., 2017) and the
effects of temperature and altitude on physical performance indicators in players during the
game (Draper et al., 2022). However, none of them focused on football players or did not
have heat as a research variable or did not use a football specific fatigue-inducing protocol.

There is a lack of systematic summary related to the effects of high temperature on
anticipation judgments in players after football-specific fatigue-inducing protocol, in which
this research might contribute to the construction of summarized knowledge in this specific
domain. Therefore, a systematic review is pertinent to establish and detail objectively the
overall body of knowledge and aggregate existing results in a coherent and informative way.

The aim of this systematic review was to assess the literature that addressed the effect of
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high temperature physical and physiological demands and anticipatory judgments of football

players during a football-specific fatigue-inducing protocols.

1.3 MATERIALS AND METHODS

This systematic review followed the PRISMA 2020 guidelines (Page et al., 2021)
(checklist presented in Supplementary material Tablel) and Cochrane’s guidelines (Higgins
etal., 2019).

1.3.1 Eligibility Criteria

We included original research published in peer-reviewed journals, with no language
limit. Eligibility criteria followed the P.I1.C.O.S. approach: (i) Healthy football players with
no restrictions concerning sex, age, or competitive level; (ii) Studies using football-specific
fatigue-inducing protocols followed by assessment of anticipatory judgments using temporal
and/or spatial occlusion paradigm (e.g., response accuracy, reaction time, movement time),
under controlled temperature conditions; (iii) Comparison groups were the same as the
intervention, but using a different temperature during a football-specific fatigue-inducing
protocols; (iv) Outcomes included measures of anticipation (i.e., response accuracy, reaction
time, movement time), and/or physical or physiological tests (e.g., 1 repetition maximum
strength test, salivary stress biomarkers); (v) No limitations regarding study design, as long

as two groups exposed to different temperatures were present.
1.3.2 Information Sources

Searches were performed on December 16th of 2022. In the following databases:
Cochrane Library, PubMed, Scopus, SPORTDiscus and Web of Science. Subsequently,
without applying filters. Two external experts (Ph.D., published research on the topic
through many publications on the Web of Science) were consulted to provide further
suggestions of potentially relevant studies. Following the recommendations of Higgins et al.
(2019), a final search was carried out for errata and retractions of the included studies. In
case there were pre-registered protocols and/or complementary files of the included studies,

these were also retrieved.

1.3.3 Search Strategy

The general search strategy made use of free text terms and the Boolean operators
AND/OR, with four lines of code being implemented in all fields/all text/full text:
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(Soccer OR Football*) AND (Anticipat* OR Judg* OR Decision* OR Percept* OR
cogniti*) AND (Temperature OR cold OR heat*)

The full search strategies for each database are presented in Table 1.

Table 1. Full search strategies for each database.

Database Search strategy

Soccer OR Football* in Title Abstract Keyword AND Anticipat* OR

Cochrane  Judg* OR Decision* OR Percept* OR cogniti* in Title Abstract Keyword

Library AND Temperature OR cold OR heat* in All Text - (Word variations have
been searched)

((Soccer  [Title/Abstractf OR  Football*[Title/Abstract])) AND
(Anticipat*[Title/Abstract] OR Judg*[Title/Abstract] OR
Decision*[Title/Abstract] OR Percept*[Title/Abstract] OR
cogniti*[Title/Abstract])) AND (Temperature OR cold OR heat*))

PubMed

(TITLE-ABS-KEY (soccer OR  football*) AND  TITLE-ABS-
Scopus KEY (anticipat* OR judg* OR decision* OR percept* OR cogniti*) AN
D ALL (temperature OR cold OR heat*))

Title/Title/Text

“TI (Soccer* OR “Anticipat*” OR “Judg*” OR “Decision*” OR
“Percept®” OR “cogniti*” OR “cold*” OR “Temperature*” OR “heat™”)
AND TI (Football* OR “Anticipat*” OR “Judg*” OR “Decision*” OR
“Percept®” OR “cogniti*” OR “cold*” OR “Temperature*” OR “heat™”)
AND TX (Soccer* OR Football* “Anticipat*’ OR “Judg*’ OR
“Decision*” OR “Percept*” OR  “cogniti*” OR “cold*” OR
“Temperature*” OR “heat*”")”

Abstract/Title/Text

“AB (Soccer* OR Football* “Anticipat*” OR “Judg*” OR “Decision*”
OR “Percept*” OR “cogniti*” OR “cold*” OR “Temperature*” OR
“heat*”) TI (Soccer* OR “Anticipat®” OR “Judg*” OR “Decision*” OR
“Percept*” OR “cogniti*” OR “cold*” OR “Temperature*” OR “heat™”)
AND TI (Football* OR “Anticipat*” OR “Judg*” OR “Decision*” OR
“Percept*” OR “cogniti*” OR “cold*” OR “Temperature®*” OR “heat*”)
AND TX (Soccer* OR Football* “Anticipat*” OR “Judg*” OR
“Decision*” OR “Percept*” OR  “cogniti*” OR “cold*” OR
“Temperature*” OR “heat*”)”

SPORTDiscus

ALL FIELDS: (Soccer OR Football*) TOPIC: Anticipat* OR Judg* OR
Decision* OR Percept* OR cogniti*) AND ALL FIELDS: (Temperature
OR cold OR heat*)

Web of
Science

1.3.4 Selection Process

AP and EC independently screened each record and each report retrieved. In case of

disagreements between the two authors, JA provided arbitrage until consensus was achieved.
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Automated removal of duplicates was performed using EndNoteX9, but further manual

removal of duplicates was required.
1.3.5 Data Collection Process

AP and EC independently collected data from reports. In case of disagreements
between the two authors, JA provided arbitrage until consensus was achieved. In case of
relevant data being missing and/or additional details being required, the authors of the
studies were contacted at least two times, and the required information were solicited. No

automation tools were used.
1.3.6 Data Items

Outcomes: Anticipation assessment using at least one of the following outcomes-
temporal and/or spatial occlusion paradigm (e.g., response accuracy, reaction time,
movement time); Physical tests (e.g., countermovement-jump, football-specific fatigue-

inducing protocols); Physiological tests (e.g., salivary stress biomarkers).

Additional variables: participant-related characteristics (e.g., sample size, sex,
competitive level, exposure to different temperatures, exposure to regular sports training),
assessment-related features (e.g., specific assessments that were performed, number and
blinding of testers, familiarization with testing procedures, time of season during the
assessments, reliability of the assessments), adverse events, and other study-related
information (e.g., country, funding, competing interests).

1.3.7 Risk of bias in studies, effect measures, data synthesis and certainty of
evidence

The risk of bias of individual studies, planned effect measures, data synthesis and
certainty of evidence can be consulted in the pre-registered protocol (https://osf.io/gkeas/).

Due to a lack of studies fulfilling the eligibility criteria, these steps were not implemented.

1.4 RESULTS

1.4.1 Study Selection

An initial search returned 1,289 results (Cochrane Library: 1; EBSCO: 530; PubMed:
69; Scopus: 513; and Web of Science: 176). After removing duplicates, 652 records
remained. Screening titles and abstracts for eligibility criteria resulted in the exclusion of
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637 records, 71 were excluded because they were not empirical studies published in peer-
reviewed journals. However, no studies were identified that met the P.1.C.O.S. adopted in
this systematic review (Figure 1). As such, we were not able to perform the meta-analysis
initially proposed in our project (https://osf.io/gkeas/) nor any narrative synthesis. Two

external experts (Ph.D., published research on the topic through many publications on the
Web of Science) were asked to indicate probable studies that respect the P.I1.C.O.S.
established, but their responses resulted in no additional study fulfilling the eligibility

criteria.
1.4.2 Study characteristics

No studies met the inclusion criteria for this review; this was largely attributed to the
fact that no study has evaluated at least two groups of football players exposed to different
temperatures (i.e., heat and on ambient temperature) when simultaneously performed a
football-specific protocol to induce physical and physiological fatigue and assessing the
judgment ability. Particularly, in the present systematic review, few studies were found that
proposed to evaluate the effect of heat on players (Duffield et al., 2013; Duffield et al., 2012),
but some of them did not use a football-specific fatigue-inducing protocol (Guttierres et al.,
2011; Meylan et al., 2021). Other studies found assessed the effect of heat on physical and
physiological capacities (Bandelow et al., 2010; Yeargin et al., 2010). There were studies
that proposed to evaluate the effect of heat on physical and physiological indicators,
including the players' judgments, but the players were not evaluated at a control room

temperature (Ernwein et al., 1998; Greig et al., 2007).
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Figure 1. PRISMA flow diagram highlighting the selection process for the studies included in the systematic

review.

1.5 DISCUSSION

The aim of the present systematic review was to establish and detail current literature
focusing on the effects of high temperature in physical and physiological demands and
anticipatory judgments of football players during a football-specific fatigue-inducing
protocols. From the literature search, no studies met the P.1.C.O.S. criteria that was adopted
in this systematic review, with all studies failed to provide evidence on the effects of different
temperatures (i.e., heat and on ambient temperature) in physical, physiological and judgment

abilities on football during a football-specific protocol.

In recent years, two FIFA World Cups were held in countries where a predominance
of hot weather during the competition was observed (Brazil 2014 and Qatar 2022). These
environmental conditions caught the attention of the scientific community (Assembly,
2015), which was concerned with investigating in a deeper way the risks that players might
be expose to this adverse condition. A football-specific fatigue-inducing protocol allows the
researcher to simulate the effects that the player suffers in a football match in a laboratory
environment (Drust et al., 2000), since heat becomes a variable of great importance to be

currently analyzed.

At the present, few researchers have studied the influence of temperature in physical

and decisional performance on football players (Benjamin et al., 2021; Clarke et al., 2011;
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Coull et al., 2015; Edwards et al., 2007). Moreover, it is important to suggest that future
studies must have the assumption of helping the sports community to improve and to evolute
the football.

Four studies were closest to the P.I1.C.O.S. criteria, but as previously mentioned, none
of them addressed all the criteria adopted in this systematic review (Benjamin et al., 2021;
Clarkeetal., 2011; Coull etal., 2015; Edwards et al., 2007). Particularly, in these four studies
we methodological detected that the effect of heat on performance was analyzed without
using a control group exposing and comparing their performance to different temperatures,
which lead to heterogeneous and dissimilar results. For example, the study conducted by
Clarke et al. (2011) aimed to examine the effect of carbohydrate ingestion and pre-cooling
on the physiological responses of 12 players using a football-specific intermittent exercise
and the impact on subsequent high-intensity exercise performance in the heat. The results
obtained must be questioned since the changes in physical and mental performance were

only provoked by the exposure of hot conditions or by the protocol itself.

Another critical point detected in some of the studies excluded from the present
systematic review was about the sample size, particularly the subjects used in the
experimental studies consisted in a range of 8 (Coull et al., 2015) and 12 football players
(Benjamin et al., 2021; Clarke et al., 2011; Edwards et al., 2007). We considered that small
sample could be insufficient to present any robust conclusion that may guide the scientific
and sports community. Additionally, we observed that only one study (Coull et al., 2015)
implemented a protocol familiarization procedure to the subjects tested, which concerned us
about the reliability of the results obtained by the other studies mentioned (Coull et al., 2015;
Edwards et al., 2007). Moreover, in all these four studies (Benjamin et al., 2021; Clarke et
al., 2011; Coull et al., 2015; Edwards et al., 2007), the physiological variables collected (e.g.,
HR, level of dehydration and body temperature) in football players were conducted using
different procedures, which lead us to observe heterogeneous results in all of them.

Due to these issues, the literature to date has considerable inconsistencies in the
experimental conditions and in evaluating all the variables separately or combined, which
has likely contributed to the poor understanding of this phenomenon. In addition, the
literature is lacking in terms of the effects that the heat would have on the physical,
physiological and on male or female football players' judgments during a football-specific

fatigue-inducing protocol.
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Therefore, we end up with an empty review (Lang et al., 2007; Yaffe et al., 2012).
Globally, it is relevant to science that all data be published to provide a more balanced
explanation of the topics being studied (Weintraub, 2016). Specifically, empty reviews are
relevant and useful for the advancement of evidence-based practices, highlighting major
research gaps (Lang et al., 2007; Weintraub, 2016; Yaffe et al., 2012).

1.6 CONCLUSIONS

The lack of publications related to this topic is in direct contrast with the importance
given by the scientific community to the effects of heat on football players. The physical and
physiological demands and player’s judgment ability are fundamental factors in their
performance throughout the game, especially when they are exposed to high temperatures.
Unlike studies that evaluate these three variables separately, it is mandatory to evaluate all
of them combined. Therefore, the diagnosis we can reach at the end of this systematic review
Is that there is still a gap in the literature on this topic, where other studies can contribute to

increasing knowledge about athletes, not only with male, but also with female participants.
Future recommendations

Having confirmed that there are no studies to date that assess the effect that a football
specific fatigue-inducing protocol has on the physical and physiological demands and
players' judgments about the influence of heat, the present study contributes by pointing to
this gap in the literature on the subject and reaffirming the importance of future studies
should be carried out exposing male and/or female players to this type of condition and also
more representative evaluative tasks in relation to the context of football is needed.
Moreover, the findings of the present study as an empty review must be careful attended by
researchers given them clear instructions for the incorporation of potentially important
information not always considered in systematic reviews of interventions, as well as specific

direction on whether to discuss and how to present the findings of non-included studies.
Limitations

The limitations found in this systematic review were that no studies have been
reported that focus on the impact of heat using football-specific fatigue-inducing protocols.
The studies found related to heat carried out their collection in an external environment and
always in the summer period, that is, there was no control of the ambient temperature or the

humidity that the players were exposed to. In this systematic review, no studies were found
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that compared a control group with another group exposed to heat. The fact that the result
was a total of zero articles found in the P.I1.C.0O.S. adopted prevented the performance of a

meta-analysis.
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CAPITULO I

ESTUDO I

The effect of an intermittent protocol on strength performance

in female football players: an exploratory study
(Motricidade, 2023, 19(2), 211-216. https://doi.org/10.6063/motricidade.32173)
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2.1 ABSTRACT

Football is a sport that involves a combination of continuous and intermittent effort.
Therefore, players need to be able to recover quickly between moments of high intensity to
continue to perform at a high level of output throughout the entire match. The present study
aimed to evaluate the effect of an intermittent exercise protocol on the rate of high-intensive
force production through the countermovement test (CMJ) in elite Portuguese female soccer
players. The sample consisted of 12 players from the first division of women's football in
Portugal (Age = 18.1 = 0.9 years; Weight = 60.10 + 5.8 Kg; Height = 1.63 £ 4.8 cm; BMI =
22.48 £ 1.5 kg/m2). The players performed an intermittent exercise protocol on a cycle
ergometer, lasting 8 minutes, in which each minute corresponded to 40 seconds of high-
intensity (4W/kg, based on the player's body weight) and 20 seconds of low-intensity (75W).
Before and after the protocol, the players performed the CMJ. Through the results obtained,
it was possible to observe that players presented a significant decrease in the height of the
CMJ between the two moments (before- 29.92 + 3.55cm vs after- 26.92 + 4.05cm; p < 0.01).
The present study allowed us to conclude that intermittent exercise protocol promoted a

negative influence on CMJ performance.

Keywords: Soccer; Fatigue; Evaluation; Laboratory; Countermovement Jump.

2.2 INTRODUCTION

Achieving high performance in football athletes is a permanent quest and a constant
challenge for the sports science community, who are involved with improving athletic
fitness. Like what happens in several collective sports, football has also evolved thanks to

the participation of sport sciences (Raya-Castellano & Uriondo, 2015).

Therefore, as a result of football involvement, the entire activity underwent and
continues to undergo greater and more detailed knowledge of the player, with clear
repercussions on the improvement of their level of athletic aptitude for the competitive

practice of football (Raya-Castellano et al., 2015).

Football is a game of cooperation and opposition between players and teams, which
results in complex and unpredictable dynamics (da Silva, 1998). During official games and

training sessions, players perform an intermittent effort, where they are exposed to varied

45
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto



Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

physical demands, including races, jumps, sprints, accelerations, decelerations and constant

changes of direction, requiring strength and power of lower limbs (Stalen et al., 2005).

The continuous production and loss of strength throughout the match generate
physical exhaustion (Reilly et al., 2008). As the game progresses, energy levels decline, and
fatigue builds up in the muscles, reducing force output and the players’ ability to perform
these actions with equal efficiency (Reilly et al., 2008). This loss in the effectiveness of
movements may result from the player’s loss of strength and power, which may affect his
performance over 90 minutes of the game (Turner & Stewart, 2014). Some researchers
applied jumping tests to assess the muscle power of the lower limbs in football players, for

example, the counter-movement jump (CMJ) is largely used (Jiménez-Reyes et al., 2017).

Concurrently, women's football is continually developing, and the game itself
demands greater physical capacity from female players (Scott & Bradley, 2020). In the last
two editions of the Women's World Cup (i.e., Canada- 2015, and France- 2019), players had
a higher average speed and covered greater distances during matches (cf., Scott &
Bradley,2020). These recent findings may suggest that the scientific community must carry

out studies on female players to ultimately understand their needs and evolution.

The methods that can be used in competition to determine the physiological stresses
associated with match-play are limited (Brownstein et al., 2017). The demands of match-
play have been examined by observing matches, obtaining physiological measures during
real and simulated games, and determining the physical capacity of elite players on
performance tests (Drust et al., 2000). Such information is not always associated with the
controlled conditions found in experimental investigations or subject to the depth and

accuracy of laboratory-based analysis (Drust et al., 2000).

Several researchers have devised laboratory-based exercise protocols to assess the
physiological and metabolic responses to intermittent exercise (Balsom et al., 1992),
allowing greater robustness in the results obtained (Lemmink & Visscher, 2005). Therefore,
Lemmink and Visscher (2005) validated an intermittent exercise protocol on a cycle
ergometer for football players. This intermittent protocol is performed on a cycle ergometer
and lasts 8 minutes, each minute corresponding to 40 seconds of high-intensity (4W/kg,

based on the player's body weight) and 20 seconds of low-intensity (75W).
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The protocol abovementioned can bring the advantage of stimulating the anaerobic
system, which is essential for bursts of speed and high-intensity efforts in football
(Strudwick & laia, 2018), increasing their ability to produce energy quickly without relying
solely on oxygen supply (Strudwick & laia, 2018). Using a cycle ergometer protocol is also
a low-impact form of exercise, which means that it causes less stress on the joints, preserving
the player's physical integrity (Werstein & Lund, 2012). However, it must be addressed that
this protocol may not perfectly replicate the movement patterns and the real physical
demands found during a football match, generating a lack of specific neuromuscular stimulus
(Werstein & Lund, 2012).

Studies conducted using female football players are necessarily increasing since
women’s football has been developing more and more, attracting the attention of fans and
the media (Vezzali et al., 2023). Therefore, the present study aimed to analyse the effect of
an intermittent exercise protocol on strength performance in female Portuguese football elite
players. Moreover, we expected female players to perform worse in the countermovement

jump results after performing an intermittent exercise protocol.

2.3 METHODS

2.3.1 Sample

Twelve elite female football players from the Portuguese First Division were
recruited to participate in the present study (Age = 18,1 + 0,9 years; Weight = 60,10 £ 5,8
Kg; Height = 1,63 + 4,8 cm; BMI = 22,48 + 1,5 Kg/m2). The participants played in the
Portuguese Premier League, and all of them played for their national teams (Portugal and
Brazil). The G+Power version 3.1.9.7 was used to calculate the sample size, and a minimum
of 12 players were required (f2 = 1.1, o = 0.05, and = 0.96) (Verma & Verma, 2020).

The players had their anthropometric data collected before the protocol was
initiated, namely: height (Seca 213 portable stadiometer, Seca, Hamburg, Germany), weight
and body mass index (BMI) (Omron Body Composition Monitor BF511, Omron, Kyoto,
Japan). The procedures were presented to the participants, who then provided informed
consent. The study was approved by the Ethics Committee of the host university (protocol
number M25A21), and all procedures were conducted in accordance with the Declaration of
Helsinki
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2.3.2 Procedures

2.3.2.1 Intermittent Exercise Protocol (Lemmink & Visscher, 2005)

The players performed an intermittent exercises protocol validated for football
players by Lemmink and Visscher (2005). The height and saddle distance of the computer-
controlled stationary bicycle (SRM Ergometer, Schoberer Rad MeRtechnik, Jilich,
Germany) were standardised for each participant. Based on the players' body mass, the high-
intensity loads (4 W/kg) were calculated and, together with the low-intensity loads (75 W),
imported into the computer. The use of a personal cycle protocol related to body mass aimed
at comparable intensity among participants. After 2 min of warm-up at 75 Watts (W), each
player performed it for a total duration of 8 min, divided into 8 blocks of intermittent exercise
(each block had 1 min). In each block, players alternated high-intensity exercise at 4 W/kg
for 40 seconds and low-intensity exercise at 75 W for 20 seconds. During the first 15
seconds, both in periods of high-intensity (4 W/kg) and periods of low-intensity (75 W), the
workload was permanently changed continuously to avoid abrupt transitions between
exchanges of workload across the protocol. At the end of the 8 minutes of protocol, a cooling

of 1 min at 75 W was performed.

The players were instructed throughout the test to maintain the cycling frequency
between 70 and 80 rotations per minute (RPM). Exercise workloads were recorded using
heart rate (HR) in 5-sec interval short-range telemetry (DUAL ANT+, Bluetooth Smart
running heart rate monitor, SRM, Jilich, Germany). To obtain the HRmax of each player,
the formula proposed by Alder et al. (2021) was used (HRmax = 220 - Age).

To assess the maximum height of the players, the CMJ was immediately collected at
the beginning and at the end of the protocol (or where the participants could sustain the
effort) using the Optojump (Optojump Photocell System, Microgate, New York, USA). The
Optojump is an optical measuring system which can be used for vertical jump height
measurement. It consists of two bars, a transmit and a receive bar, each measuring
39.4x1.2x1.6 inches and containing between 33 and 100 LEDs. This tool allows the
measurement of all jumps performed by the players in centimetres (cm). Each player
performed three successful CMJs with hands on her hips from a standing position. Rest
periods of half a minute between the jumps were assumed. Additionally, players were
instructed to jump as high as possible and pose with both feet (cf., Jiménez-Reyes et al.,
2017).

48
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto



Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

The players performed the intermittent protocol and the CMJ once to familiarise

themselves with the task, and after a week's interval, the data was collected.
2.3.2.2 Statistical Procedures

The distribution of data sets was analysed using Shapiro-Wilk tests, and the values
obtained were expressed as mean + SD and 95% confidence intervals (CI). The Paired T-
Test was used to compare the CMJ values obtained before and after the protocol (Ross et al.,
2017). The statistical software used was “SPSS for Windows 20.0”. The alpha level for
significance was set at p < 0.05 and the value of t (5.911).

2.4 RESULTS

During the execution of the protocol, several football players reached a significant
level of intensity, reaching 90% of their HRmax. Moreover, in less than a minute, the players
showed an increase in their HR, surpassing 80% of their maximum capacity. The elevated
HR values were maintained throughout the remainder of the protocol (Figure 1).

The CMJ values obtained after and before the protocol intervention are presented in
Table 1.

Table 1- Mean (m+SD) values of Countermovement jump (CMJ) before and after the
intermittent protocol.

Before Protocol After Protocol p
(mzSD) (mzSD)
CMJ (cm) 29,92 + 3,55 26,92 + 4,05 0.000

According to the results obtained, the female players had a lower performance in the
CMJ performed after the protocol (26.92 + 4.05 cm) compared to the jump performed before
the protocol (29.92 + 3.55cm).
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Figure 1- Percentage of HRmax (% HRmax; Y-AXis) of female players (X-Axis) during the intermittent protocol.
2.5 DISCUSSION

Intermittent exercise is a strategy commonly used in football training, both for men
and women, aiming to improve athletes' aerobic and anaerobic capacity (Gabbett & Mulvey,
2008). However, it is important to investigate the effects of intermittent effort on female
football players. Therefore, the present study aimed to analyse the effect of an intermittent

exercise protocol on strength performance in female Portuguese football elite players. As
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expected, the results confirmed that the intermittent exercise protocol proposed by Lemmink

and Visscher (2005) negatively affected the CMJ performance in female football players.

The rapid increase in HR values along the protocol suggested that the exercise was
challenging the players' cardiovascular system, requiring considerable effort to sustain the
required intensity (Marcora et al., 2008). Moreover, the intensity and physical demands
required by the protocol may have been too excessive for players 1, 2, 5, 6, 8, 9, 10 and 11
(Figure 1), resulting in withdrawals during the activity. The female players who were able
to complete the protocol maintained their HR at 85% of their HR max from the fourth minute

of the protocol, which is considered to be a high-intensity workload (Marcora et al., 2008).

The strength ability is fundamental to compete effectively in game situations that
involve ball disputes in the air, such as headers and interceptions, both in attack and defence
(Jiménez-Reyes et al., 2017). That is why the researchers used valid and reproducible tests

that may assess this particular ability, like CMJ (Morcillo et al., 2015).

Our findings showed a significant decrease in the CMJ performance of female
players (p < 0.01) due to intermittent effort applied by the intermittent protocol. The CMJ
performance requires a quick and high intensive production of muscle strength to propel the
body into the air (Pedley et al., 2017), and this ability was impaired by the intermittent
protocol implemented. It is important to notice that CMJ is a movement that requires a
combination of strength, speed, and muscle power to produce an efficient jump (Spori$ et
al., 2010), and when there is a loss of muscle strength due to physical wear during a match
or after an intense exercise protocol, like our players, the ability to produce the necessary

strength for jumping can be compromised (Pedley et al., 2017).

Although this kind of experiment has not been carried out with female football
players, some studies evaluated the influence of fatigue-inducting protocol on the strength
production capacity of a football player. Morcillo et al. (2015) used the CMJ as a tool to
analyse the relationships between repeated sprint ability, mechanical parameters and
metabolites in 18 professional male football players in Spain. Torreblanca-Martinez et al.
(2017) evaluated the effects that a fatigue-inducing protocol generated on the kick of 15 U-
18 male football players from a professional club, using the CMJ as an assessment tool. Both
studies reported that after the fatigue induction protocol, players lost the ability to generate
maximum strength, which was pointed out as one of the reasons for the loss of players’

performance.
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In addition, the loss of muscle strength can decrease the speed and muscle power of
the player, directly influencing the performance in the CMJ (Loturco et al., 2019).
McFarland et al. (2016) analysed CMJ performance after repeated sprints and change of
direction in 20 male and 16 female NCAA Division Il players, and their results evidenced
that players lost execution speed and worsened their CMJ performance after testing,
suggesting that physical exhaustion generated by the intermittent protocol may have
generated peripheral muscle fatigue, and inhibited the muscles to maintain the expected
performance (Marcora et al., 2008).

2.6 CONCLUSIONS

The present study suggests that intermittent exercise protocol used negatively
affects female football players' strength performance. Moreover, the used intermittent
protocol enhanced peripheral fatigue like those found during high intensity periods of a
football match.

2.7 FUTURE SUGGESTIONS

The intermittent protocol can simulate fatigue situations like those found during a
football match. This challenges players to maintain high-quality performance even when
they are tired. This coaching approach can help improve players' ability to make quick
decisions. Laboratory studies allow us to obtain more robust scientific results and increase
player safety throughout the testing sessions. Therefore, we pointed out some other research
questions that the community should study, particularly: What would be the effect of high
temperature on female football players during an intermittent protocol that can simulate a
match? How could this affect the physical, physiological and, especially, cognitive

demands?

It is essential for the scientific community to develop studies that can provide tools
to help the football staff identify and overcome possible underlying causes of performance

loss by female players, optimising their ability to perform their skills within the game.
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3.1 ABSTRACT

There is limited research on female football players, especially related to their physical and
cognitive performance under different climactic conditions. We analysed the impact of a hot
environmental temperature on physical performance and anticipation in elite female football
players during a fatigue-inducing intermittent protocol. Elite female players (n=21)
performed the countermovement jump (CMJ) and responded to filmed sequences of
offensive play under two distinct environmental temperatures (i.e., mild environment
temperature- 20° C and 30% rh vs hot environment temperature- 38°C and 80% rh),
interspersed by 1-week interval. Linear Mixed Models were used. CMJ performance
declined following the intermittent protocol on both temperature conditions (p<0.05).
Moreover, there were significant main effects for protocol on CMJ speed (m/s) (p = 0.001;
np? = 0.12), CMJ power (p = 0.002; np? = 0.11), and CMJ Heightmax (p=0.002; 12 = 0.12).
After performing the intermittent protocol, exposure to a hot temperature caused a greater
decline in anticipation accuracy (mild temperature = 64.41% vs hot temperature = 53.44%;
p<0.001). Our study shows impaired performance in elite female football players following
an intermittent protocol under hot compared with mild environmental conditions. We report
decreased performance in both CMJ and anticipation performance under hotter conditions.
The results reveal that exposure to hot temperatures had a negative effect on the accuracy of
their anticipatory behaviours. We consider the implication of the work for research and

training interventions.

Keywords: Soccer; Women; Hot Environment; Physical Performance; Anticipation; Fatigue.
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3.2 INTRODUCTION

The importance of climate change and environmental diversity on players physical®
and perceptual-cognitive? * performance is well-reported. For example, during the 2014
FIFA World the weather in Brazil became a major concern for many football teams since,
under thermal stress, running and jumping abilities are compromised to a greater extent than
under temperate conditions*. Several international federations, including FIFA, responded
to the International Olympic Committee’s call to create a surveillance system to assess
environmental conditions and their adverse outcomes during competition®. According to
Wet-Bulb Globe Temperature Risk Chart® mild and hot environment temperature conditions
are classified as 18°C - 23°C and > 28°C, respectively. Regardless, major competitions
continue to be scheduled in equatorial or Middle Eastern regions (e.g., the 2022 Qatar
Football World Cup) that still present challenges in preventing injury and illness in athletes.
Also, as physical exhaustion increases in adverse weather conditions, such conditions may

impact cognitive function including anticipation and decision-making’.

Published reports highlight that extreme environmental conditions impact body
homeostasis, promoting dehydration, thermal stress and affecting body temperature and
player performance® °. During exercise, behavioural mechanisms may adjust and regulate
according to environmental conditions and through duration and/or intensity'. In addition,
researchers have shown that exercise performed at a hot environment temperature and high
relative humidity (e.g. 35°C and 80%rh) causes the body to produce more sweat to dissipate

heat, increasing the body’s demand to maintain an adequate core temperature™.,

These effects may impair cognitive performance, even at moderate exercise
intensities*?. Unsurprisingly, exposure to a hot environmental temperature impairs soccer-
specific decision-making?. Moreover, there have been some attempts to study how
anticipation is affected by increasing physical and physiological demands*2. Physiological
workload and the tactical expertise of football players have been shown to interact,
impacting perceptual-cognitive function (e.g., visual search behaviour) in game situations.
The ability to recognize and anticipate what an opponent will do next and to execute the
most appropriate decision are important components of performance in football'*. The
ability of players to anticipate quickly and accurately relies on the development of domain-

specific perceptual-cognitive skills that interact dynamically 3. It is not well-reported how
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3 2

physical exhaustion ° and/or environmental temperature < impact on these cognitive

functions.

The skilled performer’s ability to cope with stressors, such as fatigue and hot
environment temperatures, could determine how these skills are executed in extreme match
situations. It is well stablished that a hot environmental temperature significantly influences
physical and physiological variables'®, dehydration levels, autonomic nervous system
assessed throughout heart rate variability (HRV) indices®, muscle strength loss and power'’,
and decision accuracy?® 8. In contrast, the exercise-cognition interaction in high-demanding
physiological and thermal environments has not been well-documented?2. Scientists have
proposed an inverted-U relationship between exercise intensity and cognitive performance?®,
with moderate- and high-intensity exercise increasing and impairing performance,
respectively. Similarly, Attentional Control Theory (ACT)?° was proposed to clarify how
attentional resources and subsequent performances are influenced under increasing levels of
stress during performers. Mental fatigue can lead to further reductions in tactical
performance ?° and it has been shown to impair technical skill execution?!, both are important
components of intermittent sports performance?® 23 and key predictors of success?* ?°. These
cognitive impairments have the potential to threaten the health and performance of athletes
in competition and increase the risk of injury?®, particularly in a sport where complex tactical
decision-making and the technical execution of skills have a large influence on match

outcomes %7,

Previous reports have highlighted methodological shortcomings pertaining to
measurement sensitivity, poor research design and lack of experimental control?®. Generally,
studies conducted in laboratory environments are more suitable for reliable assessment of
player performance under different temperature conditions, while improving the safety of
the participants 2°, and helping the research community to better understand the interaction
between laboratory and real-field contexts 3* 3!, Moreover, some instruments, like cycle
ergometers have been commonly used when field measures are unavailable, or for the
measurement of variables that are difficult to implement in the field (power, force and speed
profiling) 2. In this vein, an intermittent exercise protocol was validated for football players,
which reproduced the maximal physical effort during the match 33,

Previous attempts to research this phenomenon in football have mostly been limited

to male players **%7. Yet, researchers have shown that men and women present different
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physiological responses to exercise under hot environment temperatures ¢ 3°, although it is
unclear to what extent these differences impact sports-specific performance. Additionally,
global warming and gender equality have become priority areas on the United Nations
agenda “°. In this context, studies that evaluate the effects of hot environments on female
players are of great importance for the football community, particularly given the notable
absence of previous work on this topic *. Although some attempts have been reported that
evaluate the effects of fatigue on the physical capacities of female football players 4> 43, and
the effect of fatigue on the mental capacities of the players 4, further efforts are needed to

evaluate the physical and cognitive performance of female football players.

The present study was designed to assess the impact of exposure to hot
environmental temperatures on the physical and perceptual-cognitive performance of female
football players using a laboratory-based intermittent protocol. This approach addresses a
relevant gap in the literature combining an intermittent exercise protocol, realistic film-based
simulations of offensive sequences of play, and physical performance measures of female
football players under controlled temperature conditions (i.e., mild environment
temperature- 20° C and 30% rh, and hot environment temperature- 38°C and 80% rh). We
assess physical performance using CMJ (i.e., maximum height, strength, power, and speed),
and perceptual-cognitive performance using a soccer-specific, film-based task that require
players to anticipate what will happen next. Based on previous research highlighting the
detrimental effects of workload on physical 2 performance and anticipation 2 in male players,
we hypothesized that CMJ and anticipatory performance of female players would decrease
after an intermittent exercise protocol, regardless of the temperature exposure. We expected
a decline in the anticipatory performance of female football players in response to hot

environment temperature.

3.3 MATERIAL AND METHODS

3.3.1 Subjects

The G*Power version 3.1.9.7 was used to calculate sample size and a minimum of
21 players were required (f> = 0.91, a = 0.05, and B = 0.95) *°. A sample of 21 elite female
football players were recruited to participate. The participants had all played professionally
in the Portuguese Premier League for at least two seasons, all of them played for their

national teams (Portugal and Brazil), and trained regularly 5 £ 1 hr sessions per week.
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Following the Participant Classification Framework %6, the competitive level of our
participants corresponded to Tier 4 — Elite/International Level. We collected anthropometric
data before the protocol was initiated, such as height (Seca 213 portable stadiometer, Seca,
Hamburg, Germany), body mass (BM), body mass index (BMI) and the body fat (Omron
Body Composition Monitor BF511, Omron, Kyoto, Japan) (see Table 1).

Table 1. Profile of the elite female players (mean- m, standard deviation- SD, minimum- minim, maximum-

max).
m SD min max
Age (years) 17.9 0.9 19 17
Years of Practice (y) 13 0.7 10 15
Height (cm) 164.57 4.99 158.00 176.00
BM (Kg) 58.50 5.58 50.00 72.70
BMI (Kg/m?) 21.68 1.70 18.60 24.40
Body fat (%) 27.14 4.82 16.40 33.70

All participants were informed by oral and written communication about the
experimental procedures. The study was approved by the Ethics Committee of the lead
university (protocol number M25A21) and all procedures were conducted in accordance

with the Declaration of Helsinki.
3.3.2 Study Measures
3.3.2.1 Ambient temperature

To control the ambient temperature, we used a Cubicle Tent (At-Home Cubicle
Altitude Tent Standard 120 cm height x 96 cm x 72 cm, Hypoxico Altitude Training
Systems, New York, USA), and two heaters to raise the ambient temperature (Heater
1500W, Hera Equation, Madrid, Spain). The temperature and humidity inside the tent were
measured through the thermometer (C.A 895 hygrometry and environment, Chauvin
Arnoux, Normandy, France; Accuracy: = 0.1% reading +1°C) and a fan (VEN-SS-21245W,
Sogo, Osaka, Japan).

3.3.2.2 Heart Rate

The exercise workloads were recorded using a heart rate (HR) strap device, recorded
in 5-sec interval short-range telemetry (SRM DUAL ANT+, Bluetooth Smart running heart
rate monitor, Schoberer Rad Mel3technik, Julich, Germany). To stipulate the HRmax of each
player, the calculation of 220 minus the player's age was used *" 8,
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3.3.3 Countermovement-jump

To evaluate the maximum height of the players (centimeters - cm), the strength
(newtons - N), the power (watts - W) and the speed (meters per second — m/s) of the players'
jump, the CMJ was performed, using the Optojump (Optojump Photocell System,
Microgate, New York, USA) . The Optojump is an optical measuring system, which can
be used for vertical jump height measurement. It consists of two bars, a transmit and a receive
bar, each measuring 39.4 x 1.2 x 1.6 inches and containing between 33 and 100 LEDs “°.
The system detects any interruption in communication between the bars and calculates their
duration. This process makes it possible to measure flight and contact times during the
performance of a series of jumps with an accuracy of 1/1000 of a second “°. Each player
performed three successful CMJs from a standing position, with the hands on the hips. Rest
periods of half a minute between the jumps were provided. Additionally, players were

instructed to jump as high as possible with both feet 4°.
3.3.4 Anticipation

A total of 40 randomized and counterbalanced offensive scenarios (i.e., mild
temperature: 10 clips were presented pre- and 10 clips post-protocol; hot temperature: 10
clips were viewed pre- and 10 clips post-protocol) from a third-person perspective * were
projected onto a screen (50" LG UHD 4K Smart TV - UR80, LG Electronics, Busan, South
Korea). The footage was filmed from 15m and 5m behind the goal using a 16 by 9 video
camera (DSR 570 DVCAM, Sony, Tokyo, Japan) to ensure a full view of the field and
preserve crucial wide positional information. The duration of each clip was approximately 5
s, with an inter-trial period of 5 s. A small circle appeared on screen to indicate the initial
position of the ball just before the start of each clip. The clips were all occluded 120 ms
before the player in possession of the ball was about to make a pass (i.e., action when the
player attempted to play the ball to a teammate), or shoot at goal (i.e., when the player makes
an attempt to score a goal), or retain possession (i.e., when the player has ball possession
and attempts to move with the ball). To obtain the response accuracy (RA) scores calculated
based on participant responses after viewing each clip (in percentages). An accurate response
was recorded if the participant correctly anticipated the decision of the player in possession
of the ball compared with what truly happened in the match situation.
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3.3.5 Study design

Before commencing the task, the test procedure was explained, the HR device was
adjusted and participants were instructed to perform a 2 min warm-up on the ergometer cycle
at 75 RPM *°. After and before the intermittent exercise protocol *, participants were
instructed to perform the CMJ test and, while seated on the cycle ergometer, were asked to
anticipate 10 clips pre- and 10 clips post-protocol, in each temperature condition. The height
and saddle distance of the computer-controlled stationary cycle ergometer (SRM Ergometer,
Schoberer Rad MeRtechnik, Jilich, Germany) was standardized for each participant. Based
on the players' BM, the high-intensity loads (4 W/kg) were calculated and, together with the
low-intensity loads (75 W), imported into the computer. An individualized cycle protocol
relative to players’ BM was used to standardize the intensity between participants. After a
warm-up, each player performed the protocol for a total duration of 8 min, divided into 8
blocks of intermittent exercise (each block had 1 min). In each block, players alternated high-
intensity exercise at 4 W/kg for 40 seconds and low-intensity exercise at 75 W for 20
seconds. During the first 15 seconds, both in periods of high intensity (4 W/kg) and periods
of low intensity (75 W), the workload was always changed continuously, to avoid abrupt
transitions between exchanges of workload across the protocol. At the end of the 8 minutes
of protocol, a cooling of 1 min at 75 W was performed. Throughout the protocol, the players
were instructed to maintain the cycling frequency between 70 and 80 rotations per minute
(RPM).

The players were evaluated at three different moments, with a one-week interval
between each test session. The participants performed the CMJ, the anticipation test (10
clips), the intermittent exercise protocol, the anticipation test (10 clips), and, lastly, the CMJ
in the same order across all three test sessions. The initial test session was to familiarize the

(A)
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participants with the experimental procedures, while in the second session participants
completed the entire protocol design exposed under a mild environment temperature (20° C
and 30% rh), and, finally, the participants completed the protocol design with the influence
of hot environment temperature (38°C and 80% rh) ! (Figure 1a and 1b).

Figure la - The experimental task used in the mild environment temperature. Figure 1b - The experimental

task employed in the hot environment temperature.
3.3.6 Statistical Analysis

Before conducting the statistical analysis, data preprocessing steps were applied. Our
analysis involved the use of Linear Mixed Models (LMM) after verifying the necessary
assumptions, which include assessing the normality of residuals and ensuring
homoscedasticity of variances °2. The assumptions of residuals normality and variances
homoscedasticity were assessed thoroughly to ensure the validity and reliability of the LMM
results. To examine the assumption of residuals normality, we conducted several diagnostic
tests, namely the distribution of residuals using histograms, Q-Q plots, and probability plots.
Variances homoscedasticity was assessed by observing standardized residuals vs fitted
values plots in search for a random pattern. The Breusch-Pagan test was used to determine
whether the variances of residuals were constant across different levels of the independent
variables. All tests were non-significant. We employed a 2 x 2 design to assess the outcomes
before and after the protocol in both non-heated and heated environments. Additionally, a
one-way design was utilized to compare non-heated and heated environments for the
outcomes assessed during the protocol. This design allowed us to evaluate the impact of the
protocol under different environmental conditions. The LMM with unstructured covariance
matrix approach was chosen for both analyses due to its suitability for handling repeated
measures and accounting for within-subject correlations. LMM utilizes a maximum

likelihood solution, which does not assume complete data .

The use of LMM allowed us to capture individual variability and assess the effects
of multiple factors simultaneously, leading to a more robust and comprehensive analysis. To
enhance the reliability of our analysis, we adopted a data-driven approach, employing the
Restricted Maximum Likelihood (REML) estimation method, more appropriate for dealing
with unbalanced data, providing unbiased estimates of fixed effects. All LMM models were
adjusted for BM (Kg) to control for its potential influence on the outcomes measured. BM

was treated as a covariate to account for its effects, thus enhancing the accuracy of our
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analyses. We analysed the data using IBM SPSS Statistics, version 28.0 (IBM Corp,
Armonk, NY) and the significance level was set at p<0.05. Partial eta squared (n,?) values
were provided as a measure of effect size for all main effects and interactions, considering
that np? = 0.01 represents a small effect, np? = 0.06 represents a medium effect, and np? =

0.14 represents a large effect 3,

3.4 RESULTS

The average and peak HR data exhibited a linear increasing trend over the protocol
(Figure 2a). Moreover, and using LMM, the HR values observed highlighted the remarkable

consistency of the cardiovascular response of the female football players during the protocol.
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Figure 2a — The players' Heart Rate (HR) performance on the cycle ergometer during the intermittent

exercise protocol %, under both conditions (mild environment temperature vs hot environment temperature).
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The results regarding cycling frequency (RPM) revealed a decreasing performance
in the hot when compared to the mild environment, particularly during the 5" block (p<0.05)
(Figure 2b). Moreover, the power (W) generated all over the protocol was significantly
higher in the 4™ (p=0.04) block when participants were exposed to a mild environment
temperature and significantly lower in the 8" block (p=0.04) during the hot environment
condition. Lastly, we observed that cycling speed were significantly higher during the 5%
(p=0.03) and 8" blocks (p=0.02) (Figure 2b) when the participants were exposed to the hot
compared with the mild temperature environment. Additionally, of the 21 elite female
players who participated under the mild environment temperature conditions there were 6
withdrawals (2 at 7" block, and 8 at 8" block) and when exposed to hot environment
temperature there were 11 withdrawals (1 at 6™ block, 8 at 7" block, and 2 at 8" block)

before the end of the intermittent exercise protocol.
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Figure 2b — The players' cycling (RPM), power (W), and speed (km/h) performance during the intermittent
exercise protocol % on both conditions (mild environment temperature vs hot environment temperature).
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The CMJ performance results showed a loss of Strength (N) (F,79) =10.39, p=0.002;
np? = 0.12) after performing the protocol, regardless of the environmental temperature, with
an average decrease of 97.83 N (95% Cl=37.41; 158.24). No main effect was found for hot
temperature environment on CMJ strength (F,79) = 0.00, p = 0.955; np? = 0.01). Moreover,
there were significant main effects for protocol on CMJ speed (m/s) (F(,79) = 10.96, p =
0.001; np? = 0.12), CMJ power (F,79) = 10.22, p = 0.002; 1% = 0.11), and CMJ Heightmax
(Fa79) = 10.73, p=0.002; np? = 0.12) (Table 2). There were no effect for hot temperature
environment on CMJ Power (F.79) = 0.00, p = 0.958; np? = 0.00), CMJ Heightmax (F(1,79) =
0.00, p = 0.987; ny®> = 0.00), CMJ Speed (F(,79) = 0.08, p = 0.783; np? = 0.00). There were no
significant Protocol*Hot temperature environment interactions for CMJ Strength (F,79) =
0.08, p=0.780; np? = 0.01), CMJ power (F(1,79) = 0.08, p = 0.777; np> = 0.00), CMJ Heightmax
(F,79) = 0.08, p = 0.780; np? = 0.00) and CMJ speed (F1,79) = 0.08, p = 0.783; 1y = 0.00).

There was significant main effect for protocol on RA% (F(1,79) = 44.69, p<0.001; 1p?
=0.36), with a reduction in RA% of 18.26%, from 82.67 % to 64.41 % (Table 2). Also, there
was significant main effect for hot temperature environment on RA% (F,79) = 4.77, p =
0.032; np? = 0.06), where the RA% decreased 25.8% (Table 2). Additionally, the largest
difference was found when comparing the RA% before the protocol in mild environment
temperature (82.67%) and after the protocol in hot environment temperature exposure
(53.44%). There was no significant Protocol*Hot temperature environment interaction on
RA% (Fa.79)=1.31, p = 0.257; np? = 0.02). This finding suggests that the reduction of RA%

was higher in heated than in mild ambient environments (Table 2).
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Table 2. The results obtained of the Linear mixed model for comparisons before and after protocol considering both ambient environments.

Protocol x
Hot
Protocol Hot
MILD AMBIENT TEMPERATURE HOT AMBIENT TEMPERATURE temperature
effect temperature
effect
effect

Variables Before protocol After protocol Before protocol After protocol F .79 p F @79 p Far p
Heightmax (cm) 29,82 + 0,68 27,38 £ 0,69 29,64 + 0,68 27,58 + 0,69 10.73  0.002 0.00 0.987 0.08 0.780
Strength (N) 1886,37 + 30,36 1780,02 £ 30,37  1879,58 + 30,36 1790,27 £ 30,37  10.39 0.002 0.00 0.955 0.08 0.780
Power (W) 22865,75 £ 619,46 20709,81 + 619,70 22722,23 £619,45 20918,36 £ 619,74 10.22 0.002 0.00 0.958 0.08 0.777
Speed (m/s) 12,08 + 0,14 12,04 + 0,14 11,61 +0,14 11,57+ 0,14 10.96 0.001 0.08 0.783 0.08 0.783

Response

82,67 + 3,30 64,41 + 3,30 79,24 + 3,30 53,44 + 3,30 4469 <0.001 4.77 0032 131 0.257

accuracy (%)




3.5 DISCUSSION

We analysed the impact of a hot environmental temperature on physical and perceptual-
cognitive performance in elite female football players while performing an intermittent exercise
protocol. We predicted that performance on CMJ measures and our test of anticipation
performance would be lower after the intermittent exercise protocol, regardless of the
temperature exposure. We further hypothesised that hot environment temperature would
negatively impact performance on the anticipation test in our sample of elite female football
players.

The results of this study confirmed the formulated hypothesis, revealing that the
intermittent exercise protocol had a significant adverse impact on all measures related to CMJ
as well as the anticipation performance of female football players. Moreover, it was evident
that hot temperature environment (38°C and 80% rh) had a negative influence on the players'
ability to anticipate.

During the eight blocks of the intermittent protocol, players demonstrated a linear
increase in average HR and peak HR throughout the test. From the 5" block onwards, players
had already reached, on average, 90% of their peak HR. The average HR was higher across all
blocks when the players performed the protocol under a hot when compared to a mild
temperature. The same pattern was observed with the peak HR, which was higher when exposed
to a hot temperature. Our findings support previous research, which showed that HR was higher
during hot conditions, when compared to mild temperature exposure across all the cycling
intermittent sprint protocol 2. Additionally, the gradual increase of the players' HR across the
intermittent exercise protocol suggests that female players were experiencing an increase in
their physical exertion levels throughout the protocol, suggesting that the exercise intensity and
cardiovascular demands increased progressively, ending with physical stress >4,

Furthermore, the observed differences in average HR between hot and mild
temperatures emphasized the influence of environment on cardiac response during exercise *°.
Hot temperature tends to increase thermal overload on the body, which can result in greater
cardiovascular demand to help dissipate heat and maintain adequate body temperature °°,
leading to peripheral fatigue °’. We can presume that all the participants experienced the

physiological strain % 5° imposed by the cycling-based protocol used, since metabolic heat
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production experienced during running activity tends to be higher ¢°. Moreover, excessive heat
can impair efficient muscle contraction, leading to decreased strength, endurance, and
coordination .. Donnan et al. 2 reported similar findings when male football players
significantly reduced their workload during the second half of a cycling intermittent sprint
protocol in heat conditions.

Moreover, when exposed to a hot environmental temperature, the players did not
decrease their cycling cadence, expressed in RPM, resulting in a higher average speed, and
generating more Watts at the end of the protocol. These results suggested that, even with the
increase in thermal stress, the players were able to maintain or even improve their displacement
on the cycle ergometer, demonstrating improved performance compared to the mild
environment temperature.

The results for the CMJ test revealed that female players decreased their CMJ
performance during both temperature conditions, albeit the physical performance was more
affected by the intermittent exercise protocol than under a hot environment temperature. One
of the main observations was the reduction in the Heightmax of the jump, which indicates that
the intermittent exercise protocol affected the ability of the players to generate vertical
momentum and to increase vertical height. The decrease in the maximum jump height can be
attributed to peripheral muscle fatigue caused by the intermittent effort performed 2, resulting
in a lower ability to produce the power needed to rise properly during the CMJ . Hence, both
intermittent effort and hot environment temperature exposure reduced the ability to generate
muscle strength and may affect the proper activation of motor units and muscle contractility,
respectively.

Another important finding was the decrease in the jumping speed of the players after
the performance of the intermittent protocol, exacerbated by the exposure to hot environment
temperature conditions. The reduction in jJumping speed suggests a decrement in movement
efficiency and in the ability to produce the adequate amount of explosive force needed to
achieve maximum speed 3. Therefore, this factor can be pointed out as the cause of the loss of
speed in the CMJ performance of the players, with this negative impact increasing when the
female players were exposed to hot environment temperature conditions.

The present study also provided a revealing insight into the impact of the intermittent
protocol on the perceptual-cognitive performance of female football players. After executing
the intermittent protocol, there was a clear decrease in the accuracy of the players' responses,

indicating a negative influence on their cognitive function. These findings align with research
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by Casanova et al. 3 who showed that a fatigue-inducing protocol negatively influenced the
accuracy of judgments in male football players. It appears that physiological workload has
detrimental effects on the perceptual-cognitive processes underpinning anticipation 12,
Similarly, a drop in performance has been observed under high-intensity exercise, probably
attributed to the brain’s finite resources®®.

However, the scenario became even more challenging when the same protocol design
was implemented under hot environment temperature conditions. In this context, the accuracy
of the players' responses was further impaired, highlighting the sensitivity of these players to
environmental variations during the intermittent exercise protocol. To the best of our
knowledge, no researchers have tested female football players using an intermittent exercise
protocol while manipulating environmental conditions (air temperature and humidity). The
results of the present study showed that exposure to heat led to a decrease in anticipation
performance in elite female players. players. Our results mirror those reported by Donnan et al.
2 who examined the effects of hot (32°C, 50% rh) and mild environmental temperature (18°C,
50% rh) exposure on physical performance and soccer-specific decision-making in male
football players after completing a 92-minute intermittent cycling sprint protocol. The results
showed that the decision-making was impaired in the hot compared to the mild temperature
condition. Similarly, Alder et al. 54 observed that response accuracy decreased in the separate
physical and mental load conditions, when compared to baseline and worsened further in the
combined load condition. The ability to anticipate is a fundamental skill for football players
since it allows them to make quick and efficient judgements during matches °, and it is

negatively affected in hot temperature environments limiting the cognitive functions °°.

3.6 CONCLUSION

Our findings revealed that when elite female football players were subjected to the
intermittent exercise protocol under two different conditions (hot and mild environment
temperature) a reduction in performance was noted on a CMJ test as sell as their ability to
anticipate opponents’ offensive actions. This latter finding suggests that while physical and
cognitive performance was affected in both groups, heat exposure significantly exacerbated the
decline in anticipation performance, highlighting the importance of specific training and

conditioning strategies to deal with adverse environmental conditions.
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3.7 PERSPECTIVE

While some previous reports have evaluated the effects of inducing fatigue on the
physical abilities of female footballers 4> 42, and the effect of fatigue on the mental abilities of
the players %3, the present study should encourage the scientific community to undertake further
research on this topic. We hypothesized that female footballers would decline their efficiency
to anticipate during matches in hot compared to mild temperature environments players.
Moreover, our findings are essential to consider the environmental conditions during football
training and competitions. Measures such as adequate hydration, gradual adaptation to the heat
or cold and the implementation of cooling strategies can be adopted to minimize the negative
impacts of heat on the physical performance of the players. In future, researchers should
consider how performance is impacted by different climates and what role acclimatization
players (male and female) in this response to heat stress. In addition, adjustments in training
times, training loads, and exercise intensity may be necessary to ensure effective training and

mimic the exposure of hot temperature environments.
ACKNOWLEDGMENTS

Thanks to all the staff of Jamor High Performance Center (Lisbon, Portugal), who collaborated
to carry out this study.

CONFIRMATION OF ETHICAL COMPLIANCE

The study was granted ethical approval by the Lus6fona University Research Ethics Committee
(Protocol Number M25A21).

DECLARATION OF INTEREST STATEMENT

No potential conflict of interest was reported by the authors.

DATA AVAILABILITY STATEMENT

The data research is available in the paper.

FUNDING

This study had no funding.

77
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto



Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

3.8 REFERENCES

1. Nassis GP, Brito J, Dvorak J, Chalabi H, Racinais S. The association of environmental heat
stress with performance: analysis of the 2014 FIFA World Cup Brazil. Br J Sports Med

2015;49(9):609-13. DOI: 10.1136/bjsports-2014-094449

2. Donnan KJ, Williams EL, Stanger N. The effect of exercise-induced fatigue and heat
exposure on soccer-specific decision-making during high-intensity intermittent exercise. Plos

One 2022;17(12):e0279109. DOI: 10.1371/journal.pone.0279109

3. Casanova F, Garganta J, Silva G, Alves A, Oliveira J, Williams AM. Effects of prolonged
intermittent exercise on perceptual-cognitive processes. Med Sci Sports Exerc

2013;45(8):1610-7. DOI: 10.1249/mss.0b013e31828b2ce9

4. Mohr M, Mujika I, Santisteban J, Randers MB, Bischoff R, Solano R, Hewitt A, Zubillaga
A, Peltola E, Krustrup P. Examination of fatigue development in elite soccer in a hot
environment: a multi-experimental approach. Scand J Med Sci Sports 2010;20:125-32. DOI:

0.1111/j.1600-0838.2010.01217.x

5. Racinais S, Alonso J-M, Coutts AJ, Flouris AD, Girard O, Gonzalez-Alonso J, Hausswirth
C, Jay O, Lee JK, Mitchell N. Consensus recommendations on training and competing in the

heat. Scand J Med Sci Sports 2015;25:6-19. DOI: 10.1111/sms.12467

6. Binkley HM, Beckett J, Casa DG, Kleiner DM, Plummer PE. Position Statement: Exertional
Heat IlInesses. J Athl Train 2002;37(3):329-343. DOI: 10.4085/1062-6050-50-9-07
7. Williams AM, Jackson RC. Anticipation and decision making in sport. Routledge Abingdon

2019. DOI: 10.4324/9781315146270

8. Carling C, Dupont G, Le Gall F. The effect of a cold environment on physical activity profiles

in elite soccer match-play. Int J Sports Med 2011:542-5. DOI: 10.1055/s-0031-1273711
9. Meyer F, Andrade Rd. Desidratacdo e importancia da reposicdo de liquidos durante o

exercicio prolongado no calor. Rev Perfil 1999; 3(3):12-16. DOI: 10.11606/t.3.2000.tde-

78
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto


https://doi.org/https:/doi.org/10.1249/mss.0b013e31828b2ce9
https://doi.org/https:/doi.org/10.1055/s-0031-1273711

Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

12092022-080123

10. Schlader ZJ, Stannard SR, Mundel T. Evidence for thermoregulatory behavior during self-
paced exercise in the heat. J Therm Biol 2011;36(7):390-6. DOI:

10.1016/j.jtherbio.2011.07.002

11. Ozgiinen K, Kurdak S, Maughan R, Zeren C, Korkmaz S, Ers6z G, Shirreffs S, Binnet M,
Dvorak J. Effect of hot environmental conditions on physical activity patterns and temperature

response of football players. Scand J Med Sci Sports 2010;20:140-7. DOI: 10.1111/j.1600-

0838.2010.01219.x

12. ChenY, Tao M, Liu W. High temperature impairs cognitive performance during a moderate
intensity activity. Build Environ 2020;186:107372. DOI:

13- Casanova F, Esteves PT, Padilha MB, Ribeiro J, Williams AM, Garganta J. The Effects of
Physiological Demands on Visual Search Behaviours During 2 vs. 1+ GK Game Situations in
Football:  An in-situ  Approach. Front  Psychol  2022;13: 885765. DOI:
10.3389/fpsyg.2022.885765

14. Williams AM, Ward P, Knowles JM, Smeeton N J. Anticipation skill in a real-world task:
measurement, training, and transfer in tennis. J Exp Psychol: Appl 2002;8(4):259. DOI:

10.1037/1076-898x.8.4.259

15. Mohr M, Krustrup P. Heat stress impairs repeated jump ability after competitive elite soccer

games. J Strength Cond Res 2013;27(3):683-9. DOI: 10.1097/JSC.0b013e31825¢3266

16. Massaro AN, Campbell HE, Metzler M, Al-Shargabi T, Wang Y, du Plessis A, Govindan
R B. Effect of temperature on heart rate variability in neonatal intensive care unit patients with
hypoxic ischemic encephalopathy. Pediatr Crit Care Med 2017;18(4):349. DOI:

10.1097/pcc.0000000000001094

17. Hedley AM, Climstein M, Hansen R. The effects of acute heat exposure on muscular

strength, muscular endurance, and muscular power in the euhydrated athlete. J Strength Cond

79
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto



Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

Res 2002;16(3):353-8. DOI: 10.1519/1533-4287(2002)016&1t;0353:teoahe&qt;2.0.co;2

18. Donnan K, Williams EL, Stanger N. The Effects of Heat Exposure During Intermittent
Exercise on Physical and Cognitive Performance Among Team Sport Athletes. Percept Mot

Skills 2021;128(1):439-66. DOI: 10.1177/0031512520966522

19. McMorris T. The acute exercise-cognition interaction: From the catecholamines hypothesis
to an interoception model. Int J Psychophysiol 2021; 170:75-88.

DOI:; 10.1016/j.ijpsycho.2021.10.005

20. Eysenck MW, Derakshan N, Santos R, Calvo MG. Anxiety and cognitive performance:

attentional control theory. Emotion 2007;7(2): 336-353. DOI: 10.1037/1528-3542.7.2.336

21. Smith MR, Coutts AJ, Merlini M, Deprez D, Lenoir M, Marcora SM. Mental fatigue impairs
soccer-specific physical and technical performance. Med Sci Sports Exerc 2016;48(2):267-76.

DOI: 10.1249/mss.0000000000000762

22. Badin OO, Smith MR, Conte D, Coutts AJ. Mental fatigue: impairment of technical
performance in small-sided soccer games. Int J Sports Physiol Perform 2016;11(8):1100 5.

DOI: 10.1123/ijspp.2015-0710

23. Impellizzeri FM, Marcora SM. Test validation in sport physiology: lessons learned from

clinimetrics. Int J Sports Physiol Perform 2009;4(2):269-77. DOI: 10.1123/ijspp.4.2.269

24. Carling C. Interpreting physical performance in professional soccer match-play: should we

be more pragmatic in our approach? Sports Med 2013;43:655-63. DOI: 10.1007/s40279-013-

0055-8
25. Russell M, Kingsley M. Influence of exercise on skill proficiency in soccer. Sports Med

2011;41:523-39. DOI: 10.2165/11589130-000000000-00000

26. Kempton T, Sirotic AC, Coutts AJ. A comparison of physical and technical performance
profiles between successful and less-successful professional rugby league teams. Int J Sports

Physiol Perform 2017;12(4):520-6. DOI: 10.1123/ijspp.2016-0003

80
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto


https://doi.org/https:/doi.org/10.1177/0031512520966522
https://doi.org/10.1016/j.ijpsycho.2021.10.005
https://doi.org/10.1037/1528-3542.7.2.336
https://doi.org/https:/doi.org/10.1123/ijspp.2015-0710

Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

27. Nédélec M, McCall A, Carling C, Legall F, Berthoin S, Dupont G. Recovery in Soccer.
Sports Med 2012; 42(12):997-1015. DOI: 10.1007/BF03262308

28. Young CM, Luo W, Gastin PB, Dwyer DB. Understanding the relative contribution of
technical and tactical performance to match outcome in Australian Football. J Sports Sci

2020;38(6):676-81. DOI: 10.1080/02640414.2020.1724044

29. Roca A, Ford PR. Decision-making practice during coaching sessions in elite youth football
across European countries. Sci Med Footb 2020;4(4):263-8. DOI:

10.1080/24733938.2020.1755051

30. Casa DJ, DeMartini JK, Bergeron MF, Csillan D, Eichner ER, Lopez RM, Ferrara MS,
Miller KC, O'Connor F, Sawka MN, Yeargin S W. National Athletic Trainers' Association
Position Statement: Exertional Heat Illnesses. J Athl Train 2015;50(9):986-1000. DOI:

10.4085/1062-6050-50.9.07

31. Buchheit M, Simpson BM. Player-tracking technology: half-full or half-empty glass?. Int J

Sports Physiol Perform 2017;12(s2):S2-35. DOI: 10.1123/ijspp.2016-0499

32. Kerhervé HA, Stewart DG, McLellan C, Lovell D. Fatigue indices and perceived exertion
highlight ergometer specificity for repeated sprint ability testing. Front Sports Act Living

2020;2:45. DOI: 10.3389/fspor.2020.00045

33. Lemmink KA, Visscher C. Effect of intermittent exercise on multiple-choice reaction times

of soccer players. Percept Mot Skills 2005;100(1):85-95. DOI: 10.2466/pms.100.1.85-95

34. Benjamin CL, Sekiguchi Y, Morrissey MC, Butler CR, Filep EM, Stearns RL, Casa DJ.
The effects of hydration status and ice-water dousing on physiological and performance indices
during a simulated soccer match in the heat. J Sci Med Sport 2021;24(8):723-8. DOI:

10.1016/j.jsams.2021.05.013

35. Clarke N, Maclaren D, Reilly T, Drust B. Carbohydrate ingestion and pre-cooling improves

exercise capacity following soccer-specific intermittent exercise performed in the heat. Eur J

81
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto


https://doi.org/10.1123/ijspp.2016-0499

Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

Appl Physiol 2011;111:1447-55. DOI: 10.1007/s00421-010-1771-5

36. Coull NA, Watkins SL, Aldous JW, Warren LK, Chrismas BC, Dascombe B, Mauger AR,
Abt G, Taylor L. Effect of tyrosine ingestion on cognitive and physical performance utilising
an intermittent soccer performance test (iSPT) in a warm environment. Eur J Appl Physiol

2015;115:373-86. DOI: 10.1007/s00421-014-3022-7

37. Edwards AM, Mann ME, Marfell-Jones MJ, Rankin DM, Noakes TD, Shillington DP.
Influence of moderate dehydration on soccer performance: physiological responses to 45 min
of outdoor match-play and the immediate subsequent performance of sport-specific and mental

concentration tests. Br J Sports Med 2007;41(6):385-91. DOI: 10.1136/bjsm.2006.033860

38. Venable AS, Williams RR, McFarlin BK. Gender differences in skin and core body
temperature during exercise in a hot, humid environment. Int J Exerc Sci: Conference

Proceedings 2013. DOI: 10.5604/20831862.1124569

39. Yanovich R, Ketko I, Charkoudian N. Sex differences in human thermoregulation:

relevance for 2020 and beyond. Physiol 2020;35(3):177-84. DOI: 10.1152/physiol.00035.2019

40. Assembly G. Resolution adopted by the General Assembly on 11 September 2015. New

York: United Nations 2015. DOI: 10.18356/53ee9ade-en

41. Wickham KA, Wallace PJ, Cheung SS. Sex differences in the physiological adaptations to
heat acclimation: a state-of-the-art review. Eur J Appl Physiol 2021;121:353-67. DOI:

10.1007/s00421-020-04550-y

42. Torreblanca-Martinez V, Nevado-Garrosa F, Otero-Saborido FM, Gonzalez-Jurado JA.
Effects of fatigue induced by repeated-sprint on kicking accuracy and velocity in female soccer

players. Plos One 2020;15(1):e0227214. DOI: journal.pone.0227214

43. Krustrup P, Zebis M, Jensen JM, Mohr M. Game-induced fatigue patterns in elite female

soccer. J Strength Cond Res 2010;24(2):437-41. DOI: 10.1519/JSC.0b013e3181c09b79

44, Thompson CJ, Smith A, Coutts AJ, Skorski S, Datson N, Smith MR, Meyer T.

82
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto


https://doi.org/https:/doi.org/10.1007/s00421-010-1771-5
https://doi.org/https:/doi.org/10.1136/bjsm.2006.033860

Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

Understanding the presence of mental fatigue in elite female football. Res Q Exerc Sport

2022;93(3):504-15. DOI: 10.1080/02701367.2021.1873224

45. Verma J, Verma P. Determining sample size and power in research studies. Springer 2020.

DOI: 10.1007/978-981-15-5204-5

46. McKay AK, Stellingwerff T, Smith ES, Martin DT, Mujika 1, Goosey-Tolfrey VL,
Sheppard J, Burke LM. Defining training and performance caliber: a participant classification

framework. Int J Sports Physiol Perform 2021;17(2):317-31. DOI: 10.1123/ijspp.2021-0451

47. Robergs RA, Landwehr R. The surprising history of the” HRmax= 220-age" equation. J

Exerc Physiol Online 2002;5(2):1-10. DOI: 10.1097/00005768-200205001-00429

48. Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart rate revisited. J Am Coll

Cardiol 2001;37(1):153-6. DOI: 10.1016/s0735-1097(00)01054-8

49. Jiménez-Reyes P, Samozino P, Pareja-Blanco F, Conceicdo F, Cuadrado-Pefiafiel V,
Gonzélez-Badillo JJ, Morin J-B. Validity of a simple method for measuring force-velocity-
power profile in countermovement jump. Int J Sports Physiol Perform 2017;12(1):36-43. DOi:

10.1123/ijspp.2015-0484

50. Karsten B, Larumbe-Zabala E, Kandemir G, Hazir T, Klose A, Naclerio F. The effects of a
6-week strength training on critical velocity, anaerobic running distance, 30-M sprint and Yo-
Yo intermittent running test performances in male soccer players. Plos One

2016;11(3):e0151448. DOI: 10.1371/journal.pone.0151448

51. No M, Kwak H-B. Effects of environmental temperature on physiological responses during
submaximal and maximal exercises in soccer players. Integr Med Res 2016; 5(3): 216-222.

DOI: 10.1016/j.imr.2016.06.002

52. Field A. Discovering statistics using IBM SPSS statistics, 4" edition. Sage Publications

2013. DOI: 10.1024/1012-5302/a000397

53. Lakens D. Sample size justification. Collabra: Psychol 2022;8(1):33267. DOI:

83
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto



Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

10.1525/collabra.33267

54. Chalmers S, Esterman A, Eston R, Bowering KJ, Norton K. Short-term heat acclimation
training improves physical performance: a systematic review, and exploration of physiological
adaptations and application for team sports. Sports Med 2014;44:971-88. DOI.

10.1007/s40279-014-0178-6

55. Smith DL, Petruzzello S, Kramer J, Misner J. The effects of different thermal environments
on the physiological and psychological responses of firefighters to a training drill. Ergonomics

1997;40(4):500-10. DOI: 10.1080/001401397188125

56. Garcia CK, Renteria LI, Leite-Santos G, Leon LR, Laitano O. Exertional heat stroke:

pathophysiology and risk factors. Brit Med J 2022;1(1):e000239. DOI: 10.1136/bmjmed-2022-

000239
57. Brazaitis M, Skurvydas A. Heat acclimation does not reduce the impact of hyperthermia on

central fatigue. Eur J Appl Physiol 2010;109:771-8. DOI: 10.1007/s00421-010-1429-3

58. Nybo L, Nielsen B. Hyperthermia and central fatigue during prolonged exercise in humans.
J Appl Physiol 2001;91(3):1055-60. DOI: 10.1152/jappl.2001.91.3.1055
59. Reilly T, Drust B, Clarke N. Muscle fatigue during football match-play. Sports Med

2008;38:357-67. DOI: 10.2165/00007256-200838050-00001

60. Junge N, Jargensen R, Flouris AD, Nybo L. Prolonged self-paced exercise in the heat—
environmental factors affecting performance. Temperature 2016;3(4):539-548. DOI:
10.1080/23328940.

61. Chaari N, Frikha M. Ten-minute warm-up in hot climate best assists thermal comfort,
muscular power output, and fatigue, during soccer-specific repeated-sprint ability. Biol Sport

2022;39(1):37-43. DOI: 10.5114/biolsport.2021.102808

62. Samuel MN, Holcomb WR, Guadagnoli MA, Rubley MD, Wallmann H. Acute effects of

static and ballistic stretching on measures of strength and power. J Strength Cond Res

84
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto


https://doi.org/https:/doi.org/10.1007/s00421-010-1429-3

Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

2008;22(5):1422-8. DOI: 10.1519/jsc.0b013e318181a314
63. Loturco I, Pereira LA, Kobal R, Abad CC, Rosseti M, Carpes FP, Bishop C. Do asymmetry
scores influence speed and power performance in elite female soccer players? Biol Sport

2019;36(3):209-16. DOI: 10.5114/biolsport.2019.85454

64. Alder D, Broadbent DP, Poolton J. The combination of physical and mental load
exacerbates the negative effect of each on the capability of skilled soccer players to anticipate

action. J Sports Sci 2021;39(9):1030-8. DOI: 10.1080/02640414.2020.1855747

65. Sun H, Soh KG, Roslan S, Wazir MRWN, Soh KL. Does mental fatigue affect skilled
performance in athletes? A systematic review. Plos One 2021;16(10):e0258307. DOI:

10.1371/journal.pone.0258307

66. Hocking C, Silberstein RB, Lau WM, Stough C, Roberts W. Evaluation of cognitive
performance in the heat by functional brain imaging and psychometric testing. Comp Biochem

Physiol Part A Mol Integr Physiol 2001;128(4):19-734. DOI: 10.1016/s1095-6433(01)00278-

1

85
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto


https://doi.org/10.1080/02640414.2020.1855747

Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

CAPITULO IV -

- DISCUSSAO GERAL -
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4.1 DISCUSSAO GERAL

A presente tese de doutoramento teve como objetivo geral estudar o efeito
temperatura ambiente no desempenho fisico e antecipatorio em futebolistas do sexo feminino
durante a realizacdo de um protocolo de exercicio intermitente. Sabendo que para dar
cumprimento ao objetivo geral, se definiram como objetivos especificos: (i) extrair e
interpretar dados de estudos publicados que analisem o efeito da temperatura ambiente nas
demandas fisicas, fisioldgicas e nos julgamentos antecipatorios de jogadores de futebol
durante protocolos de inducdo de fadiga especificos para o futebol e, posteriormente, analisar,
descrever e resumir as interpretaces dos estudos elegiveis; (ii) conduzir um estudo piloto para
avaliar o efeito de um protocolo de exercicio intermitente (em ambiente laboratorial) sobre a
taxa de producdo de forca em jogadoras de elite do futebol feminino em Portugal, por meio
da analise do CMJ antes e ap0s a realizacéo do protocolo; (iii) analisar o efeito da temperatura
ambiente sobre a capacidade fisica e antecipatoria em futebolistas de elite femininas durante
a realizacdo de um protocolo de exercicio intermitente.

De acordo com os resultados encontrados na presente tese de doutoramento, se
constatou que: (i) ndo foi possivel encontrar artigos relacionados sobre o efeito da
temperatura ambiente elevada nas capacidades fisicas, fisiol6gicas e antecipatéria de
jogadores ou jogadoras de futebol durante a realizacdo de protocolos especificos de futebol
que induzissem a fadiga, de acordo com os critérios P.1.C.O.S. definidos na revisdo
sistematica; (ii) o protocolo de exercicio intermitente proposto por Lemmink e Visscher
(2005) teve um efeito negativo no desempenho fisico, em particular no CMJ, em futebolistas
do sexo feminino; (iii) a temperatura ambiente elevada reduziu significativamente o
desempenho do CMJ e da capacidade cognitiva (i.e., antecipacdo) apos a realizacdo de um
protocolo de exercicio intermitente, com maior influéncia negativa na capacidade
antecipatoria das futebolistas.

Primeiramente, no intuito de fornecer uma base cientifica para os Estudos Il e 11, foi
realizado uma revisdo sistematica, visando melhor entender quais eram as linhas de
investigacdo a respeito da tematica cientifica abordada.

Assim, na revisdo sistematica foi possivel verificar que existe uma escassez de
evidéncias que investigam diretamente o efeito da temperatura ambiente no desempenho

fisico, fisiologico e cognitivo em futebolistas do sexo feminino. Apesar da busca extensiva
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em vaérias bases de dados, a pesquisa inicial realizada apresentou um total de 1.289 resultados
(Cochrane Library: 1; EBSCO: 530; PubMed: 69; Scopus: 513; e Web of Science: 176). Apds
a remocao dos estudos duplicados, restaram 652 resultados. A partir da triagem de titulos e
resumos para critérios de elegibilidade resultou na exclusdo de 637 resultados, em que 71
foram excluidos por ndo serem estudos empiricos publicados em periddicos revisados por
pares. No entanto, ndo foram identificados estudos que atendessem aos critérios P.1.C.O.S.
adotados nesta revisdo sistematica, sublinhando, assim, a caréncia de investigacdes
significativas neste dominio cientifico. Esta constatacdo ressalta a urgéncia de estudos
adicionais para preencher essa lacuna de conhecimento e validar as suposi¢oes teoricas sobre
0 impacto da temperatura ambiente no desempenho esportivo, em especial nas futebolistas.

Aliés, nenhum estudo cientifico analisado atendeu aos critérios de inclusdo definidos
devido ao fato de nenhum ter avaliado pelo menos dois grupos de jogadores de futebol
expostos a diferentes temperaturas (isto €, temperatura ambiente elevada vs temperatura
ambiente amena) e, simultaneamente, realizassem um protocolo especifico de futebol que
induzisse a fadiga fisica e avaliasse a capacidade antecipatoria.

Né&o obstante, poucos estudos foram encontrados em que se propuseram a avaliar o
efeito do calor em futebolistas. Em particular, quatro estudos foram os mais préximos dos
critérios P.I.C.0.S. adotados para a revisdo sistemética proposta (Benjamin et al., 2021;
Clarke et al., 2011; Coull et al., 2015; Edwards et al., 2007), mas como mencionado
anteriormente, nenhum deles abordou todos os critérios adotados nesta revisao sistematica.
Nesses quatro estudos detectamos que o efeito do calor no desempenho em futebolistas foi
analisado sem a utilizacdo de um grupo controle, expondo e comparando seu desempenho a
diferentes temperaturas, o que levou a resultados heterogéneos e dissimilares.

Por exemplo, o estudo realizado por Clarke et al. (2011) teve como objetivo examinar
o efeito da ingestdo de carboidratos e do pré-resfriamento nas respostas fisiologicas de 12
jogadores que jogavam em nivel universitario. Usando um exercicio intermitente especifico
do futebol e avaliando o seu impacto no desempenho subsequente ao exercicio de alta
intensidade em condicOes de temperatura ambiente elevada. O estudo de Clarke et al. (2011)
ndo mediu a magnitude da relacdo entre uma variavel independente e uma variavel
dependente, por esta razéo os resultados obtidos podem ser questionados, pois ndo fica claro
se as alteraces no desempenho fisico e mental dos jogadores foram apenas provocadas pela
exposicao a temperatura ambiente elevada ou pelo proprio protocolo. Fato este colmatado na

nossa investigacdo, onde foi realizada essa analise estatistica, 0 que se mostrou crucial na
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andlise dos resultados.

Outro ponto critico detectado em alguns dos estudos excluidos da revisao sistematica
foi quanto ao tamanho da amostra, isto €, 0s sujeitos utilizados nos estudos experimentais
consistiam em uma amostra de 8 (Coull et al., 2015) ou 12 jogadores de futebol (Benjamin
et al., 2015; Clarke et al., 2011; Edwards et al., 2007). Consideramos que o tamanho das
amostras, tendo em conta a analise do poder amostral (G*Power), pode ser inadequado para
chegar a conclusdes robustas capazes de orientar tanto a comunidade cientifica quanto a
esportiva. Também, observamos que apenas o estudo conduzido por Coull et al. (2015)
implementou um procedimento de familiarizacdo do protocolo aos sujeitos testados, o0 que
nos levantou algumas preocupacdes acerca da confiabilidade dos resultados obtidos. Além
disso, em todos estes quatro estudos (Benjamin et al., 2021; Clarke et al., 2011; Coull et al.,
2015; Edwards et al., 2007), as variaveis fisioldgicas coletadas (e.g., nivel de desidratacéo e
temperatura corporal) em jogadores de futebol foram realizadas utilizando procedimentos
diferentes, o que nos levou a observar resultados heterogéneos em todos eles.

Concomitantemente, na presente tese de doutoramento se definiu analisar o efeito de
um protocolo de exercicio intermitente na performance da forca em futebolistas do sexo
feminino da elite do futebol em Portugal. Os resultados encontrados revelaram uma reducao
significativa no desempenho do CMJ ap6s a implementacdo do protocolo de exercicio
intermitente, demonstrando um impacto negativo na capacidade de producdo da forca em
futebolistas do sexo feminino. Também, é importante salientar que o CMJ é um indicador
sensivel da capacidade neuromuscular e da habilidade de producéo réapida de forca (Hughes
etal., 2022).

Os dados obtidos corroboram a evidéncia existente na literatura que aponta para o
impacto do protocolo de exercicio intermitente na reducéo da capacidade das futebolistas em
gerar forca muscular (Morcillo et al., 2015). Além disso, embora focado em futebolistas de
elite do sexo feminino, a pesquisa realizada enquadra-se em estudos anteriores conduzidos
em atletas masculinos, evidenciando uma perda similar na capacidade de gerar forca apos a
implementacédo de protocolos de inducdo de fadiga (Morcillo et al., 2015).

A diminuicdo dessa habilidade apds o protocolo de exercicio intermitente sugere a
manifestacdo do aparecimento de fadiga periférica, afetando a capacidade dos muasculos em
sustentar o desempenho esperado (Amann et al., 2007). Esta descoberta é consistente com
estudos anteriores que indicam uma diminui¢do na producdo méaxima de forca apos periodos
de fadiga (McFarland et al., 2016).

89
Universidade Lus6fona Centro Universitario de Lisboa Faculdade de Educacéo Fisica e Desporto



Alberto Pompeo - O Efeito da Temperatura Ambiente na Performance Fisica e Antecipatéria em Futebolistas
Seniores Femininas

Aliés, e a partir dos resultados obtidos, se enfatiza a relevancia da for¢ca muscular no
desempenho fisico das jogadoras de futebol, especialmente em cenarios de jogo que
envolvem disputas aéreas e movimentos explosivos. Além disso, a reducdo na capacidade de
producdo de forca pode afetar, diretamente, a habilidade de realizar movimentos como
cabeceios e interceptacOes, que sdo fundamentos essenciais para o sucesso do futebolista
durante o jogo (Marqués-Jiménez et al., 2022).

Também, importa alertar que os resultados obtidos na presente tese de doutoramento podem
colaborar com a literatura da especialidade, em que futuramente podera ter implicacGes
praticas, auxiliando na elaboracdo de programas de treinamento para futebolistas do sexo
feminino e, subsequentemente, aplicando um conjunto de estratégias que visem minimizar a
fadiga muscular e preservar a capacidade de gerar forca para otimizar o desempenho e reduzir
0 risco de aparecimento de lesdes durante a competi¢do (Murtagh et al., 2023). Além disso, a
implementacdo do protocolo de exercicio intermitente utilizado em investigac6es adicionais
que pretendam estudar o impacto fisico, fisioldgico e respetiva adaptacdo de estratégias de
treinamento especificas para essa populagdo desportiva em concreto (futebolistas femininas).

A originalidade da presente tese de doutoramento, também, deve ser reforcada pela
metodologia de investigacdo em que analisa o efeito da temperatura ambiente nas
capacidades fisicas e antecipatorias em futebolistas do sexo feminino durante a realizacéo de
um protocolo de exercicio intermitente, numa perspectiva holistica. Para tal, implementou-
se a recolha de indicadores fisicos, como: a avaliagdo do salto em contramovimento,
analisadando as medidas da altura maxima (cm), da forca exercida (N), da velocidade (m/s)
e da poténcia (W) do salto em contramovimento, antes e depois da realizacdo do protocolo
de exercicio intermitente, em dois tipos de condicdo de temperatura ambiente, a saber:
temperatura ambiente amena (20° C e 30% UR) e temperatura ambiente elevada (38°C e 80%
UR).

A anélise do desempenho das futebolistas, também, foi monitorada sobre o
cicloergbmetro durante a realizacdo do protocolo de exercicio intermitente proposto por
Lemmink e Visscher (2005), onde foi monitorada a frequéncia cardiaca (FC), as rotac6es por
minuto (RPM) e a velocidade (Km/h) das participantes, em ambas as condicdes de
temperatura ambiente.

Ja, o desempenho cognitivo foi avaliado através da percentagem do grau de acerto
nas respostas antecipatdrias, para isso, um total de 40 cenarios ofensivos (ou seja, 20 clipes

em cada momento de avaliacdo) foram apresentados a partir de uma perspectiva de terceira
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pessoa (cf., Casanova et al., 2013) as quais foram projetados em uma televisao. E, em ambas
as condicOes de temperatura (i.e., temperatura ambiente amena vs temperatura ambiente
elevada).

Ao analisarmos os valores da FC obtidos verificamos um aumento linear ao longo do
protocolo, indicando um aumento progressivo na demanda cardiovascular das futebolistas.
Notavelmente, o desempenho no cicloergbmetro foi afetado pela exposi¢do a temperatura
ambiente elevada, refletido pela diminuicdo da frequéncia de pedalagem, especialmente no
5° Bloco (p<0,05) onde apresentou uma mudanca significativa. Por outro lado, a poténcia
gerada ao longo do protocolo foi significativamente diferente no 4° (p = 0,04) e no 8° bloco
(p = 0,04) entre a exposicao a temperatura ambiente amena e a temperatura ambiente elevada.
Por fim, observamos que a velocidade de pedalagem foi significativamente inferior durante
0 5° (p = 0,03) e 8° blocos (p = 0,02) entre as duas condi¢cdes de temperatura ambiente a que
as futebolistas foram sujeitas.

Ao avaliar o desempenho no salto em contramovimento, os resultados encontrados
indicaram uma reducgéo significativa na producdo de forca potente, velocidade e altura
méaxima apos a execucdo do protocolo de exercicio intermitente. Alias, foram observados
declinios significativos de desempenho na altura méxima (p<0,001), na forca (p<0,05), na
poténcia (p<0,01) e na velocidade do salto em contramovimento (p<0,002). Sendo essa
reducdo ainda mais evidente quando as futebolistas foram expostas a temperatura ambiente
elevada. Essas nossas descobertas sugerem, claramente, que a temperatura ambiente elevada
exerceu um impacto negativo na capacidade das futebolistas em gerar forca muscular e
realizar movimentos potentes, afetando diretamente o seu desempenho fisico.

Apbs a realizacdo do protocolo de exercicio intermitente, também, se constatou que
a capacidade antecipatoria das futebolistas de elite se reduziu significantemente quando
foram sujeitas ao exercicio em condi¢cBes de temperatura ambiente elevada do que em
condigOes de temperatura ambiente amena (p<0,001).

Além disso, a percentagem de acerto nas respostas antecipatoria das futebolistas foi
comprometida significativamente (reducdo) apds a realizacdo do protocolo do exercicio
intermitente. A exposicdo a temperatura ambiente elevada exacerbou mais essa redugdo na
capacidade antecipatoria das jogadoras, destacando a sensibilidade dessas futebolistas as
variagcOes ambientais durante o protocolo. Segundo Cardoso et al. (2021) uma tomada de
decisdo mais rapida implica na maior capacidade de empregar estratégias de busca visuais e

de processar informacgdes, possibilitando assim maior eficiéncia cognitiva. Portanto,
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compreender 0 impacto adverso da exposicao a temperatura ambiente elevada na capacidade
de deciséo e antecipacdo de uma jogadora de futebol torna-se crucial. A habilidade de tomar
decisdes rapidas e precisas, juntamente com a capacidade de antever jogadas, sdo elementos
essenciais para o sucesso da jogadora durante uma partida de futebol (Farrow & Raab, 2007).

Também, e de acordo com Kunrath et al. (2020), a fadiga mental entre jogadores de
futebol resulta em uma reducédo na percepcao periférica, levando a priorizar agdes em direcdo
a meta adverséria e afetando negativamente as decisdes taticas. Esse estado de fadiga mental,
qguando combinado com a exposicdo ao calor, pode agravar ainda mais esses efeitos
prejudiciais, resultando em erros mais frequentes e afetando ndo apenas o comportamento
cognitivo e tatico, mas, também, implicando em um aumento compensatorio no desempenho
fisico, mostrando como a influéncia do calor pode intensificar as dificuldades enfrentadas
pelos futebolistas em campo (Donnan et al., 2022).

Assim, importa salientar que embora o protocolo de exercicio intermitente adotado
tenha afetado o desempenho fisico e cognitivo em futebolistas de elite do sexo feminino, a
exposi¢do ao calor pareceu exacerbar esses efeitos adversos, evidenciando a influéncia critica
do ambiente térmico na capacidade de desempenho das futebolistas.

Em sintese, os resultados deste estudo sugerem que tanto o protocolo de exercicio
intermitente como a exposicdo a temperatura ambiente elevada afetaram negativamente as
capacidades fisicas e antecipatorias em futebolistas do sexo feminino. Além disso, 0s
resultados encontrados evidenciaram que a temperatura ambiente elevada teve um efeito
acentuado na reducdo da capacidade antecipatoria das futebolistas de elite. Portanto,
estratégias especificas de treinamento e condicionamento podem ser necessarias para
enfrentar condices ambientais adversas e otimizar o desempenho das futebolistas em
situaces reais de jogo.

N&o obstante, importa ressalvar algumas limitacGes investigacionais, tais como: a
auséncia de medidas de temperatura interna durante o protocolo e a execucao de um protocolo
de exercicio em uma esteira rolante, o que de certa forma néo reproduziu o padrdo motor
(corrida) das futebolistas.

Os trés estudos realizados que constam na presente tese de doutoramento destacam-
se pelo seu pioneirismo ao explorar e analisar o impacto da temperatura ambiente no
desempenho fisico e cognitivo em futebolistas do sexo feminino durante a realizacdo de um
protocolo de exercicio intermitente. Em particular, os Estudos Il e 11l assumem um papel

importante ao preencher uma lacuna substancial na pesquisa cientifica (comprovada pelo
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Estudo 1), mostrando uma defasagem dentro da modalidade do futebol praticado por

futebolistas do sexo feminino em comparacdo com futebolistas do sexo masculino.
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CAPITULO V
- CONCLUSAO -
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5.1 CONCLUSAO

A partir dos resultados obtidos dos diferentes estudos da presente tese de doutoramento,

se destaca as seguintes conclusdes:

- Na literatura cientifica ndo se observou estudos que analise o efeito que a exposicéo a
temperatura ambiente elevada exerce nas capacidades fisicas e antecipatdrias em futebolistas,
do sexo masculino ou feminino, durante a realizagdo protocolos de inducdo de fadiga

especificos para o futebol.

- As futebolistas de elite quando submetidas a um protocolo de exercicio intermitente
apresentaram uma reducdo significativa da sua capacidade fisica, medida por parametros como:

altura, forca, poténcia e velocidade do salto em contramovimento.

- As futebolistas submetidas ao protocolo de exercicio intermitente, sob duas condi¢bes
diferentes (temperatura ambiente amena e temperatura ambiente elevada), apresentaram menor
desempenho no salto em contramovimento e na capacidade antecipatoria. No entanto, a
descoberta mais notavel foi que a exposi¢do a temperatura ambiente elevada teve um impacto
negativo marcante na capacidade de antecipacdo das futebolistas de elite. Esta descoberta
sugere que, embora os desempenhos fisico e cognitivo tenham sido afetados em ambas as
condicBes de temperatura, a exposicdo a temperatura ambiente elevada exacerbou
significativamente o declinio no desempenho antecipatoério das participantes.

Como possiveis recomendacdes futuras, devido a lacuna existente na pesquisa
relacionada ao impacto ambiental especifico nas futebolistas do sexo feminino, sugere-se a
prioridade de aprofundar os estudos nesse campo, dada a sua relevancia. Assim, a comunidade
cientifica deve desenvolver estudos que abordem os efeitos que a exposicdo a temperatura
ambiente elevada exerce nas capacidades fisicas e cognitivas em futebolistas durante a
realizacdo de protocolos laboratoriais que simulem as exigéncias do jogo de futebol (tanto em
tempo similar ao de uma partida como no seu padrdo motor), para que seja possivel fornecer
ferramentas que ajudem a comunidade cientifica e técnica a identificar e superar possiveis
causas subjacentes a perda de desempenho em futebolistas (de ambos o0s sexos), otimizando a

sua capacidade de desempenho de jogo.

Por ultimo, é essencial considerar as condi¢cbes ambientais durante os treinos e
competicdes de futebol. Medidas como hidratacdo adequada, adaptacdo gradual ao calor e

implementacao de estratégias de resfriamento podem ser adotadas para minimizar os impactos
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negativos do calor no desempenho fisico em futebolistas. Além disso, podem ser necessarios
ajustes nas cargas de treino e na intensidade do exercicio para garantir um treino seguro e eficaz,

especialmente em ambientes com temperatura ambiente elevada.
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ANEXOS

Supplementary Table S1. PRISMA Checklist.

Location
. . Item . where
Section and Topic 4 Checklist item item is
reported
TITLE
Title | 1 | Identify the report as a systematic review. Page 1
ABSTRACT
Abstract | 2 | See the PRISMA 2020 for Abstracts checklist. Page 1
INTRODUCTION
Rationale Describe the rationale for the review in the context of existing knowledge. Pages 1-2
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses. Pages 3
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Page 3-4
Information Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the date | Page 4
sources when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used. Pages 4-5
Selection process 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record Page 5
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked Page 5
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the
process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study | Page 5
were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any Page 6
assumptions made about any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each Page 6
assessment study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Page 6
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Location
Section and Topic Lzl Checklist item \_Nher_e
4 item is
- reported
Synthesis methods 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and Page 6
comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data Page 6
conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. Page 6
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s), Page 6
method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). Page 6
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Page 6
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Page 6
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Page 6
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the | Page 6
review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Page 6
Study 17 | Cite each included study and present its characteristics. Page 7
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. Not
studies applicable
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimates and its precision Not
individual studies (e.g. confidence/credible interval), ideally using structured tables or plots. applicable
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Not
syntheses applicable
20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. Not
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. applicable
20c | Present results of all investigations of possible causes of heterogeneity among study results. Not
applicable
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Not
applicable
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Section and Topic

Iltem

#

Checklist item

Location
where
item is
reported
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Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Not
applicable
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Not
evidence applicable:
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. Page 7
23b | Discuss any limitations of the evidence included in the review. Page 8
23c | Discuss any limitations of the review processes used. Page 8
23d | Discuss implications of the results for practice, policy, and future research. Page 9
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. Page 10
protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Page 10
24c | Describe and explain any amendments to information provided at registration or in the protocol. Pages 10
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Page 10
Competing 26 | Declare any competing interests of review authors. Page 11
interests
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Section and Topic

Iltem

#

Checklist item

Report which of the following are publicly available and where they can be found template data collection forms; data extracted from included

Location
where
item is
reported
Pages 4, 5

Awvailability of 27
data, code and studies; data used for all analyses; analytic code; any other materials used in the review. and 10
other materials
* A paginacao é relativa ao artigo publicado na JOURNAL OF HUMAN SPORT & EXERCISE
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