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1. Diferentes tipos de molécula

1. Monossacarideos --> Glicose
Frutose
Galactose

sacarase

2. Dissacarideos --> Sacarose -------==========-

Maltose -------—=—cmmmmeeux

Manitol
Sorbitol

3. Oligossacarideos --> Maltodextrina

> Glicose + Frutose | ligagdo a 1-2

--->Glicose + Galactose | ligagdo B 1-4

--->2 moléculas de glicose | ligacdo a 1-4

Rafinose e estaquinose

Frutooligossacarideos

4. Polissacarideos --> Amido —> Amilase | ligagdo
Amilopectina | ligagdo a-1-6 e ligagdo B 1-6

Glicogénio

5. Polissacarideos (ndo amido) --> Fibras alimentares: celulose



2. Diferentes mecanismos de transporte
Glicose e frutose
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3. Tipo, tamanho e manipulacao culinaria:
Indice Glicémico
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Jenkins et al. Am J Clin Nutr. 76 (suppl):266-73, 2002



4. Papel do Figado no metabolismo de
carboidratos

Frutose Galactose
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Glicose Glicose G|icoie/—> Glicogénio

Circulacao
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Regulacao do glicogénio hepatico: no estado
alimentado, no jejum ou no exercicio fisico
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Gonzalez et al. Liver glycogen metabolism during and after prolonged endurance-type exercise. Am J Physiol
Endocrinol Metab 2016; 311: E543—-E553.



Concentracao de glicogénio no jejum, comparando
sedentarios saudaveis, diabetes tipo Il e atletas treinados
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5. Captacao de glicose pelo musculo
esqueléetico- GLUT4

Repouso/sem exercicio Resposta ao exercicio
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Pauli et al. Novos mecanismos pelos quais o exercicio fisico melhora a resisténcia a insulina no musculo esquelético. Arg Bras Endocr Metab 2009; 399-408.



OBS. Captacao muscular de glicose e diabetes

Importancia da pratica regular de atividade fisica
moderada

Treinamento e multiplicacao das isoformas de GLUT4

Mecanismos de acéo independente de insulina (periodo
durante e pos exercicio)



6. Captacao de glicose pelo musculo
esqguelético- mudancas com 0 exercicio

Repouso EXxercicio
(55-60% VO, max):

15-20% da captacao| 80-85% da captacao
periferica. periferica.



/. Participacao da glicose no
metabolismo energético durante o
exercicio

Inicio: predominio da via glicolitica

50-65% do VO, maximo (steady-state): uso
predominante de lipideos

Acima: retomada da via glicolitica,
proporcional a intensidade/ tempo




/. Participacao da glicose no metabolismo
energetico durante o exercicio

80 -
60 -
40 -

20 -

Rest 40 55 75
Exercise intensity (%W .y)

Energy expenditure (kJ-min™)
o

Cermak & van Loon, 2013

Other fat sources
B Plasma FFA

] Plasma glucose

E=3 Muscle glycogen




Fadiga- incapacidade da manutencao
do exercicio fisico

, atwidade muscular
com babxo teor de

ongemo;sce:ulas FADIGA MUSCULAR OU PER'FERICA

producdo de
acido factico

fadiga
muscular

Exaustao das reservas corporeas
Maiores determinante:

#Deplecéo do glicogénio muscular
#Reducao da glicemia



Reservas de carboidrato no organismo humano

Figado- aproximadamente 100g 5% da reserva energética

) _ : do organismo
Musculo- aproximadamente 350-700g,
dependente do grau de treinamento ﬁ

POREM; exercicio prolongado,
intensidade moderada a alta- CHO
corresponde a quase 50% das
necessidades energéticas!
RISCO DE FADIGA

Exercicio prolongado (superior a 2h)- estratégias de
fornecimento de CHO exogeno

Cermak & van Loon, 2013



8. Fornecimento de carboidratos

Tipo de carboidrato
Quantidade ingerida
Momento da ingestao

Antes
Durante
ApOs




Momentos para manipulacao de
carboidratos na dieta

v Abastecimento agudo (para o exercicio):
v'Exercicio aerdbio (longa duracao, até 75% do VO2 max)
Oportunidades:

v'Dia anterior e/ou momentos anteriores

v'Durante a atividade

v’ Exercicio anaerdbio (>75% do VO2 max e <l1h de

duracao). Oportunidades:
v'Dia anterior e/ou momentos anteriores



Dieta anterior ao evento

DI a an ter | or v'Oportunidade para abastecimento

# Bergstrom & Hultman, 1966- uso da
biépsia muscular

#Conteudo de glicogénio muscular x
capacidade de executar exercicios de
longa duracéo, intensidade meédia a
alta

do glicogénio muscular (e hepatico)

# Inicio das
discussoes sobre
supercompensacao
de glicogénio-
aumento em 2 a 3%
no rendimento no
exercicio

Bergstrom J, Hultman E. Nature. 1966;210(5033):309-10; Hawley Jet al. Sports Med. 1997;24(2):73-81.



v PROPOSTA DA SUPERCOMPENSACAO DE
CARBOIDRATOS
v'6-7 dias
v 6°, 5°, e 4° dias: alto treino. Baixo carboidrato
v'Dias subsequentes: diminui¢cdo do treino, elevacéao
gradual dos carboidratos na dieta

Conteudo normal de glicogénio: 15g/Kg de musculo
ApoOs supercompensacao: até 40g/Kg.

# Ganho de até 1,8 Kg!

# AlteracOoes emocionais pela baixa ingestao de CHO

Atualmente
#Aumento apenas dos carboidratos e do repouso, no maximo 3 dias antes do

evento

Hawley J, Schabort E, Noakes T, et al. Carbohydrate-loading and exercise performance. An update. Sports Med. 1997;24(2): 73—
81.



Dieta anterior ao evento

Horas anteriores (refeicao de espera)

4 a 1 hora antes

v'Tempo antes do evento 1 hora (ou menos) antes

Riscos a serem evitados:

- Hipoglicemia pela resposta insulinica
- Blogueio/Reducao da oxidacao de acidos graxos pela maior disponibilidade
de carboidratos

Ormsbee et al, 2014: Cermak & van Loon, 2013



Dieta anterior ao evento

Horas anteriores (refeicao de espera)

Combinacgao de carboidratos com diferentes mecanismos de transporte
(glicose, frutose, galactose)

Combinacéo de carboidratos com diferentes indices glicEmicos
(maltodextrina, amidos modificados-Waxy)
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Maior tempo para a resposta glicémica
EX.: glicose + frutose
So frutose e/ou galactose

Ormsbee et al, 2014



Efeitos da ingestao de amidos modificados preé-

exercicio na performance

Study n Starch Type Treatments Timing Prior Protocol Results Performance
Slow-Digesting
. ‘ 150 min
Roberts Waxy (95% amylopectin), 1 glkg BM MS. . ,
. ‘ 30 min cycling 70% VO 125 s (MS) vs. 136 s (MD) >
et al. [83] hydrothermally modified 1 glkg MD )
TTE 100% VO
434 kI (G) vs. 403 kI (P) 1
Goodpaster Waxy (100% amylopectin) 1 g’lkg BM WMS. 30 mi 90 min cycling 66% 428 kJ (WMS) vs. 403kJ (P) T
30 min
et al. [82] or resistant (100% amylose) RMS, G or P VOomay. 30 min TT 418 kT (RMS) vs. 403 kJ (P) o
G vs. WMS vs. RMS >
3.000 keal (65:20:15% . 60 min cycling 75%
) . Post-exercise .
Jozsiet al. Waxy (100% amylopectin)  carbohydrate. fat and i VOomay. 6 % 1 min at 422 kT (WMS). 413 kI (RMS).
consumption >
[69] or resistant (100% amylose) protein): CHO consisting. lli i 125% VOopae. 24 hrest, 431 kT (G). and 423 kJ (MD)
over 12 h
of WMS. RMS. G or MD 30min TT
Fast-Digesting
Steot Low molecular weight and Post-exercise L TE cycling 73% 149 kJ (LMS) vs. 138 kI (P) 1
Stephens
. l; (4] 8 high molecular weight 100 g LMS or HMS. P feeding 2 h prior  VO2max. 2 hrest, 164 kJ (HMS) vs. 138 kT (P) 1
et al. |8 =
glucose polymers to second bout  13min TT 164 kT (HMS vs. 149 kI (LMS) 1

Notes: BM. body mass; MS, modified starch; MD, maltodextrin; TTE. time to exhaustion; WMS. waxy modified starch: RMS. resistant modified starch: G. glucose; P. placebo: TT. time

trial; kJ. kilojoule; LMS. low molecular weight modified starch; HMS. high molecular weight modified starch; VO,,,,,. maximal oxygen consumption.

Ormsbee et al, 2014



Combinacao de alimentos/nutrientes para
melhor rendimento- outras propostas

Dieta alta em lipideos (aguda e cronicamente)

Adicao de proteinas/ aminoacidos aos
carboidratos

Adicao de cafeina
Suco de beterraba

Ormsbee et al, 2014



Assunto controverso- Metabolismo lipidico e relacao
com glicolise. Lado A

Glicose B-oxidacao
. ul\/ Lactato
Aminoacidos —— PII | ato
Acetil CoA  +——— \Jcetoacetil cOA
oxaloacetato
C|tratg/

Ciclo do acido citrico

(ciclo de Krebs)

Goldberg , 1996.



Assunto controverso- Metabolismo lipidico e
relacao com glicolise. Lado B

« Treinamento fisico- aumento da capacidade de oxidar
acidos graxos, sobrepondo-se a oxidacéo de
carboidratos

— Dieta baixa em carboidratos- favorecimento da oxidacao de AGL

— Dieta hiperlipidica antes da atividade- aumento da
disponibilidade de AGL

— Estudos com mecanismos agudos e crénicos

Ainda h& necessidades de maiores estudos relacionando manipulacéo dietética
(reducéo de carboidratos ou aumento de lipideos) e consequéncias a performance
e/ou saude

Rowlands et al, Sport Nutr. Exerc. Metab. 2002; Murakami et al, Nutrients 2012; Paul et al. Int. J. Sport Nutr 2003.



Baixo carboidrato e utilizacdo de proteinas: excrecao de
uréia Nno suor No repouso e durante o exercicio apos dois
esquemas de ingestao de carboidratos
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Katch, McArdle & McArdle, 2006



Carboidratos



Combinacao de alimentos/nutrientes para
melhor rendimento- outras propostas

Suco de beterraba

Beetroot Juice can Boost Exercising Ability of
- Heart Failure Patients

B Rich In nitrates. reduces fatigue and
N reases oxyen uptake

Fatwents are enargized after supplements

Ormsbee et al, 2014; Woessner et al, 2018.

Dietary Sources
Celery, Lettuce, Beetroot, Spinach, Rocket, Water Cress

.3
0, Availability and pH Low

High
NO3' NO3- Commensal
anaerobic
9 bacteria
e G |0 NO, Reductase
Y S | FAD ) - DeoxyHb
Haem - DeoxyMb
NO ¢ -

_ | 2
Biological Actions
Vasodilation, Ca?* Handling, Glucose Uptake, Cellular
Respiration, Contractile function, Arterial Pressure




Combinacao de alimentos/nutrientes para
melhor rendimento- outras propostas

« Adicao de cafeina

ATP ——4& AMP cidico >—— 5 AMP

L

Afividade ——>Triglicerideos
da lipase j

3 Acidos graxos
livres + Glicerol

Powers e Howley, 2000 pg. 473



CHO antes = CHO durante?

CHO antes: prolonga o tempo para exaustao (sobrecarga
de glicogénio muscular)

CHO durante: diminui neoglicogénese hepatica, poupa
glicogénio muscular, e portanto retardam a fadiga

Os mecanismos sao diferentes, porém o objetivo final € o
mesmo, retardar o aparecimento da fadiga

Bosch et al, 1996; Ormsbee et al, 2014



Formas de ingestao de carboidratos durante
0 evento

- Carboidratos em solucéao liguida
- Carboidratos em Gel
- Carboidratos em forma soélida

# Estudos argumentam que a forma nao significa diferenca
nos efeitos ergogénicos

# Regra geral- avaliacao individual do melhor
esvaziamento gastrico e melhor combinacéo com o
esquema de hidratacao

(Hargreaves et al, Murdoch et al, Pfeifer et al,



Ingestao de carboidrato durante o evento

Tipo de carboidrato (polimeros, mecanismos de
transporte)

Concentracao (6-8%)
Intervalos ingestao (a cada 15min)




Carboidratos durante exercicios de alta
Intensidade

Quais 0os mecanismos? Nao ha tempo suficiente para
melhorar a oxidacao de lipideos ou para alguma forma de
“poupar’ glicogénio muscular



Carter JM, Jeukendrup AE, Mann CH, Jones DA. The effect of glucose infusion on glucose
kinetics during a 1-h time trial. Med Sci Sports Exerc. 2004;36(9):1543-50.

8.00
Plasma  6.00 -
Objetivos: investigar o efeito de uma (mrmoliL) 4,00
infusdo de glicose na cinética de 200
glicose e na performance 0,00
15.00
6 ciclistas de endurance (VO2 max. P 12,00
61,7+ 2,0mL/Kg/min (mmol/L) 9.00
6.00
2 testes onde foram instruidos a ;z

completar o mais rapido possivel 0% 20%  40%  60%  BO%  100%

% TT completed
o PLA « CHO

Os patrticipantes receberam:

Teste 1. Solucéo de 20% de glicose 66 -
em salina (1g/min) 64 ——— 3
Teste 2. Somente solucao salina Time 62
(0,9% NaCI) (min) zg o~ —
58 | *lT:
Hipotese- sem diferenca, pois o tipo 56 - . J—
de teste € garantido pelas reservas 54 4 e
endogenas de CHO 52 - - .
PLA CHO

FIGURE 5—Individual and mean performance times in the PLA and
CHO ftrials. Solid line indicates mean time (P > 0.773, N = 4).



Carter JM, Jeukendrup AE, Jones DA. The effect of carbohydrate mouth rinse on 1-h cycle time trial
performance. Med Sci Sports Exerc. 2004;36(12):2107-11.

Objetivo: investigar a possivel funcao
de receptors de CHO na boca na
performance do exercicio intense

7 homens e 2 mulheres ciclistas de
endurance (VO2 max= 63,2+
2,7mL/kg/min) completaram dois
testes, o mais rapido possivel.

Teste 1. 6.4% solucéo de maltodextrina
enxaguando a boca a cada 12,5% da
prova completada (guspindo apos 5s,
proibido engolir)

Teste 2. Agua administrada da mesma

maneira

Possivel mecanismo central
relacionado a motivacéo, e nao
metabodlico

PLA —

56 58 60 62 64

Time (min)

FIGURE 1—Mean performance time in the CHO and PLA trials.
* Indicates significantly different from PLA (P = 0.011, N = 9).

300

290 -

Power SO -
Output
(Watts) 270 -

260 -
250 -
240 -
230 -

0-25 25-50 50-75 75-100
Period TT completed (%)
B CHO O PLA

FIGURE 3—Mean power output during the four quarters of the CHO

and PLA trials. " Indicates a significant difference from PLA

P <0005, N =9).



Carboidrato em exerciclos
Intermitentes/mistos

Esportes de campo (futebol, ragbi, hockey, etc.) = taxa de esforco em torno de
70-80 VO2 max.

Similar a exercicios de endurance em alta intensidade

Necessidade aumentada de glicogénio muscular, para suprir a demanda de ATP

Pela caracteristica dos exercicios, solucéo de carboidratos é a estratégia mais
possivel

Bangsbo J. Acta Physiol Scand. 1994;619 (Suppl):1-155; Balsom P, Wood K, Olsson P, et al. Int J Sports Med.
1999;20(1):48-52; Jeukendrup A. Nutrition. 2004;20:669-77.



ATIVIDADES MUITO LONGAS/
ULTRAENDURANCE

1 ContracOes de fome
[ Solidos ou gel

O Importancia da agua
1 Outros alimentos

COMRADES MARATHO




Ingestao desejada de carboidratos a partir de
solucoes liquidas

Conc. da Volume de liguido necessario
solucao (%)
30g/h 40g/h (mL) [50g/h (mL) [60g/h
(mL) (mL)
6 500 667 833 1000
7,5 400 533 667 800
10 300 400 500 600
20 150 200 250 300
50 60 80 100 120
75 40 53 67 80

Recomendado: 30-60g/h ou 0,5 a 1g/min. Coyle,1992



RECOMENDACOES PARA INGESTAO DE CHO DURANTE EXERCICIOS DE DIFERENTES

DURACOES
Event Exercise CHO Amount of CHO Type of CHO  Single MT CHO
duration required recommended recommended CHO
Very short, high-intensity exercise <05 h None NA NA NA NA
Short, high-intensity exercise 0.5-125h Very small Mouth rinse Most forms Yes Yes
dmounts
Intermittent/team sports, short duration 05-125h Very small Mouth rinse Most forms Yes Yes
damounts
Intermittent/team sports, moderate I-15h Moderate Up to 60 g-h_' Fast-oxidizing  Not Recommended
duration amounts CHO optimal
Intermittent/team sports, long duration =2 h Large Up to 90 g-h_' MT CHO only No Yes
damounts
Endurance-type exercise 1-3h Moderate  Up to 60 g-h™' Fast-oxidizing  Not Recommended
amounts CHO optimal
Prolonged endurance-type exercise =25h Large Up to 90 g-h_' MT CHO only No Yes
dmounts
Starting exercise with suboptimal CHO =2 h Large Up to 90 g-h™ MT CHO only No Yes
damounts
Recovery for multi-day competition <24 h Large 1.2 ¢ CHOkg "h™! Fast-oxidizing  Not Recommended
recovery amounts CHO optimal
Recovery for multi-day competition with <24 h Large 08¢ CHU-kg_'-h_' + Fast-oxidizing  Not Recommended
suboptimal CHO intake during recovery amounts 04 g PROkg "h™' CHO + fast optimal
recovery protein

CHO Carbohydrate, MT CHO multiple transportable carbohydrates, NA not applicable, PRO protein

“ These guidelines are intended for athletes exercising at >moderate intensity (>4 kcal/min) who wish to optimize their performance. If the
absolute exercise intensity is below moderate, carbohydrate intake should be adjusted downwards accordingly

Jeukendrup, 2011



Importancia da recuperacao

Ressintese de glicogénio (glicogénio
sintetase)

Baixa concentracao glicogénio

Disponibilidade de glicose
sanguineal/insulina

Dieta adequada.



Exercicios de varios dias (Ex.: Tour de France)

Grande deplecéo de glicogénio ao final de cada etapa

Necessidade de recuperacao rapida e o mais plena possivel
A taxa otima de replecao de glicogénio parece ocorrer a ndo mais que 1,2g/kg/h

Ingestao a cada 2h
Refeicao mista

Inicio da reposicao o mais rapido possivel apos o término do evento

Ivy et al. J Appl Physiol. 1988;65(5):2018-23;147. van Loon et al. Am J Clin Nutr. 2000;72(1):106-11; Jentjens et al. J Appl Physiol.
2001;91(2):839-46; Piehl, So, Hultman Eur J Appl Physiol. 2000;81(4):346-51; Howarth et al. J Appl Physiol. 2009;106(4):1394—
402.



Ressintese de glicogénio com a ingestao de
carboidrato imediata ou tardia

vy et al, 1988.

B Imediatamente
apos
M 2 horas ap0s

(B6/10wn) olugbool|b ap asayuls

0-2 horas 2-4 horas
Tempo de recuperagao

L Ressintese 6tima de glicogénio apos o exercicio: 0,7 a 1,0 g/Kg/h
Sélido e/ou gel e/ou liquido

L Recuperagao: 500- 600g de CHO em 24h apés a competigcao



Ingestao de CHO e glicogénio hepatico

* Muito menor quantidade de estudos

* Ingestao somente de glicose (simples ou polimeros)-
reposicao de aprox. 4g de glicogénio hepatico/h, independente
do intervalo de ingestao (0,25-1,5g/Kg/h)

* Ingestéo de refeicdo mista pOs exercicio- parece aumentar a
ressintese (precursores neoglicogénicos)

* Frutose e galactose- metabolismo no figado- possivel aumento
da ressintese

Cermak & van Loon, 2013



Relacao entre carboidratos e hipertrofia
muscular

Carboidratos apos a atividade de forca

v 3

Substrato energético
para incorporacao de
Aminoacidos
(Glicogénio,glicose
sanguinea)
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TABLE 2. Summary of guidelines for carbohydrate intake by athletes.3¢

Situation Carbohydrate Targeis Comments on Type and Timing of Carbohydrate Intake

DAILY NEEDS FOR FUEL AND RECOVERY

1. The following targets are intended to provide high carbohydrate availability (ie, to meet the carbohydrate needs of the muscle and central nervous system) for different exercise
loads for scenarios where it is important to exercise with high quality and/or at high intensity. These general recommendations should be fine-tuned with individual consideration
of total energy needs, specific training needs and feedback from training performance.

2. 0On other occasions, when exercise quality or intensity is less important, it may be less important to achieve these carbohydrate targets or to arrange carbohydrate intake over the
day to optimise availability for specific sessions. In these cases, carbohydrate intake may be chosen to suit energy goals, food preferences, or food availability.

3. In some scenarios, when the focus is on enhancing the training stimulus or adaptive response, low carbohydrate availability may be deliberately achieved by reducing total
carbohydrate intake, or by manipulating carbohydrate intake related to training sessions (eg, training in a fasted state, undertaking a second session of exercise without
adequate opportunity for refuelling after the first session).

Light e Low intensity or skill-based 3-5 g/kg of athlete’s body o Timing of intake of carbohydrate over the day may
activities weight/d be manipulated to promote high carbohydrate availability
Moderate o Moderate exercise program 5—7 g/kg/d for a specific session by consuming carbohydrate before
(eg, ~1 h per day) or during the session, or in recovery from a previous session.
High e Endurance program (eg, 1-3 h/d 6—10 g/kg/d » Otherwise, as long as total fuel needs are provided, the pattem of
mod-high-intensity exercise) intake may simply be guided by convenience and individual choice.
Very High e Extreme commitment (eg, =4-5 h/d 8-12 g/kg/d e Athletes should choose nutrient-rich carbohydrate sources to
mod-high intensity exercise allow overall nutrient needs to be met.

ACUTE FUELLING STRATEGIES — these guidelines promote high carbohydrate availability to promote optimal perfformance in competition or key training sessions

General fuelling up o Preparation for events < 90 min 7—-12 g/kg per 24 h as for » Athletes may choose carbohydrate-rich sources that are low in
exercise daily fuel needs fiber/residue and easily consumed to ensure that fuel targets are

Carbohydrate loading e Preparation for events > 90 min of 36—48 h of 10—-12 g/kg body met, and to meet goals for gut comfort or lighter “racing weight”.
sustained/intermittent exercise weight per 24 h

Speedy refuelling e <8 h recovery between 2 fuel 1-1.2 g/kg/h for first 4 h then e There may be benefits in consuming small regular snacks
demanding sessions resume daily fuel needs e« Carbohydrate rich foods and drink may help to ensure that

fuel targets are met.
Pre-event fuelling e Before exercise > 60 min 14 g/kg consumed 1-4 h e Timing, amount and type of carbohydrate foods and drinks should
before exercise be chosen to suit the practical needs of the event and individual

preferences/experiences.

e Choices high in fat/protein/fiber may need to be avoided to
reduce risk of gastrointestinal issues during the event.

e Low glycemic index choices may provide a more sustained source
of fuel for situations where carbohydrate cannot be consumed
during exercise.

During brief exercise e <45 min Not needed
During sustained high intensity e 45-75 min Small amounts including « A range of drinks and sports products can provide easily
exercise mouth rinse consumed carbohydrate.

« The frequent contact of carbohydrate with the mouth and
oral cavity can stimulate parts of the brain and central nervous
system to enhance perceptions of well-being and increase
self-chosen work outputs.

During endurance exercise e1-25h 30-60 g/h e Carbohydrate intake provides a source of fuel for the muscle to
including ‘stop and start” sports supplement endogenous stores.

» Opportunities to consume foods and drinks vary according to the
rules and nature of each sport.

« A range of everyday dietary choices and specialised sports
products ranging in form from liquid to solid may be useful

o The athlete should practice to find a refuelling plan that suits their
individual goals including hydration needs and gut comfort.

During ultra-endurance exercise =253 h Up to 90 g/h » As above.

« Higher intakes of carbohydrate are associated with better
performance.

e Products providing multiple transportable carbohydrates
(Glucose:fructose mixtures) achieve high rates of oxidation of
carbohydrate consumed during exercise.




Individualidade

A despeito de todos os estudos publicados, a tolerancia individual € muito
variada e deve ser testada em treinos

Cermak & van Loon, 2013
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