Caffeine Update

~ Frankie Siu_
~ Registered Dietitian (Australia)
~ Sports Dietitian (Australia)
SpOr.t Nutrition Officer
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Presenter
Presentation Notes
Caffeine becoming popular substance that used by athletes. For example, some athletes use defizzed Coca-cola during the latter stages of an event, in replacement of their earlier use of a CHO-electrolyte drink. Testimonials from athletes indicate that they believe that the intake of Coca-cola late in the event provides an ergogenic benefit due to the intake of caffeine


Caffeine — The World’s Most Widely Used Drug
WMMRER] — < tH 5o 2 3 (58 FH Y 2]

In US alone, about 4 out of 5 people drink, eat, or consume
caffeinated substance every day.

=R > 94/5 N HERH ~ & FHEEE S E R A7)
January 1%t 2004, caffeine was removed from the WADA
prohibited list

€2004F1 H1HEE » ymiRARIfGe 5757 BRI iR I 22
cgEaligllEs

Caffeine now becomes popular ergogenic aid in competitive
sports
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Presentation Notes
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Source of Caffeine

IR A 2R

Chemically known as 1,3,7-trimethylxanthine
(EEE 2 By 1,3,7 — FA EL S5 IENS

Natural stimulants found in tea leaves, coffee beans, cocoa
beans, kola nuts and guarana

FEACEE RS TITTE - ISR E R
(IR AR B

YR ==

Major dietary source: Coffee, tea, chocolate, cola, some sport
supplements and energy drinks
FEAVEVIAIR: PIYE ~ 2% ~ SR )7 ~ AIEE ~ FEEE

TR b e B B


Presenter
Presentation Notes
The primary sources of natural caffeine are coffee and tea. 

Kola nut: a tropical tree found in Africa.在一些西非地方，可以咀嚼單一或一組的可樂果

Guarana:原產於巴西亞馬遜盆地的植物。Each fruit harbors one seed which contains approximately five times as much caffeine as coffee beans.
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Caffeine Content

Foods

Bhn

Caffeine content (mg/250ml)
NBEN & & (Z50/250%27T)

Starbucks coffee & = rEmiyk

250

Milk tea (HK style) J&E=C472¢

93

Red Bull energy drink 414~HE & &5

80

Instant coffee B[k

Tea 4155

50

Green tea 445

30

Coke light fi#fan] 4%

32

Brewed coffee =&k

PowerBar® Gel — caffeinated (40g sachet)

Coca Cola & Coke zeron] [1 0] K, Coke Zero

23

Tao-Ti green tea with honey 7& M i& 254545

21

Decaffeinated instant coffee Z=iERE B2k

5

Nestle low fat chocolate milk & & (&5 45 1145

3

Source: Harland (2000), Consumer Apr 2003, Powerbar product, Wikipedia
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1X cAFFEINE

STRA WBERRY

BANANA

flavor

i jc2 MAX
higher-actane

carb plend
= Speeds more energy
to muscles
» Science atp

ELECTRULYTES
of a sports drink

owerbar.com

2X cAFFEINE
TA GERINE

i jc2 MAX
higher-actane

carb hlend

= Speeds more energy
to muscles

» Science at pawerba::com

ELECT RﬂLYTES
of a sports drink
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Presentation Notes
Green Apple x 1 (25mg)

Strawberry Banana x 1 (25mg)

Chocolate x 1 (25mg)                

Double Latte x 2 (50mg)                    

Tangerine x 2 (50mg)
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Caffeine and Exercise
I ] B A iy

1 — 13mg/kg body weight (1 hour per-exercise) improve exercise
performance (Jenkins et al 2008, Doherty & Smith 2004, Cox et al 2002)

BN TRZEL - 132 5AEA (EEh AT —/ NRF e T EN R

There is sound evidence that caffeine enhances performance over a range of
exercise situations

5F 2o FE4E (YRR BE R [FI AR AL A B Y R IR
— Endurance events (> 60 min) [if JJ28E5E)] (604¢E L )
» Hogervorst et al (2008), Cox et al (2002)
— Prolonged high intensity events (20 — 60 min) &H3fE] =585 8 E) (20 — 60478#)
* McLellan and Bell (2004), Graham and Spriet (1995)
— Short-term high intensity events (1 — 5 min) %G5 = 5@ E 8#EE) (1 — 54978%)
* Anderson et al (2000), Bruce et al (2000)

— Intermittent high intensity events (e.g. team sports) [ &}t =58 8wl (F40;
Ao ZEEN)
» Stuart et al (2005)


Presenter
Presentation Notes
There is sound evidence that caffeine enhances endurance and provides a small but worthwhile enhancement of performance over a range of exercise protocols. There is still no consensus on the mechanism to explain this performance improvement. The effect on strength/power and brief sprint is unclear
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Caffeine and Exercise
I ] B A iy

CAFFEINE

v

T sympathetic nervous system activity

o el L

T Lactate Tegtt TNa® /K™ LReaction T Stress
accumulation influx ATPase Time hormones
activity

T Lypolysis

TCross Bridge Tlonic cell LRPE &
Attachment  Integrity :

N/ T !

L Fatvia sl I ¥uscle v Delay of  Glveogen sparing
pH fiber peripheral effects
recruitment Cognitive fatigue
¢ Moaod
T Muscle Habituation

force production J \

- + + /- +- +

Power, Strfeﬁgth, Speed ' Endurance Performance

Figure 2. Potential mechanisms of caffeine in endurance and power events.

Sokmen et al (2008)
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Presentation Notes
咖啡因可刺激

Caffeine stimulates sympathetic nervous system which then affect our body functions resulted in enhance exercise performance

e.g. the most common claim: increase breakdown of fat as energy source. Therefore, it will conserve the carbohydrate storage “glycogen sparing effects” for later use during endurance exercise

Caffeine is known as CNS stimulant  delays fatigue  improve exercise performance



In short sprint and power performance, caffeine can increase intracellular calcium concentration and Na/K ATPase pump activity  increase muscle power output



Caffeine also has the ability to increase performance when glycogen sparing is not a limiting factor, such as short-term, high intensity exercise. Therefore, other mechanism or a combination of various mechanisms may contribute to these increases in performance including metabolic, CNS, cardiovascular and skeletal muscle effects


Effects of Caffeine on Psychological Factors
WM ER B O EE R ZR RN R

* Possible effects of caffeine  « IIMERIES L FRAVESEE
on psychological functions FEEAE P
Increase mental alertness S VB

Improve mood S
Decrease tiredness B RS

Decrease pain perception FET| R M
Increase performance
accuracy
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Sokmen et al (2008)
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Presentation Notes
Serotonin is a monoamine neurotransmitter synthesized in serotonergic neurons in the central nervous system (CNS) and enterochromaffin cells in the gastrointestinal tract of animals including humans. Serotonin is also found in many mushrooms and plants, including fruits and vegetables.

serotonin plays an important role as a neurotransmitter in the modulation of anger, aggression, body temperature, mood, sleep, sexuality, appetite, and metabolism, as well as stimulating vomiting




Caffeine and Rate Perceived Exertion (RPE)
IR B R A 5 AR S

e Doherty and Smith (2005) e  Doherty and Smith (2005)
e Meta-analysis study o  EZXAITHT

e Aim WEEHEHDY

— To quantify the effects of —  EARnER R Y i R A
oral caffeine ingestion on = IIEERMA
RPE T TE JENHER S i B A iy 5
— To determine whether the R REEA
perceptual response was
related to exercise
performance
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Presenter
Presentation Notes
Study inclusion: laboratory based, double-blinded, placebo-controlled, single oral caffeine dose



Study exclusion: Caffeine was combined with other substances, including coffee


Results

+ HH
AR

Table 1. Chronological summary of the investigations included in the meta-analysis

First Year n  Males Females Caffeine V O Caffeine Caffeine ingestion Caffeine dosage Exercise
author consumption (mL/kg/min)™ abstinence (h) - exercise (mg/kg)’ mode
test (min)

—
4

Perking 1975
Giles 1984
Butts 1985
Casal 1985
Tarnopolsky 1989
Fulco 1994
Alves 1995
Macintosh 1995
Trice 1995
Bell 1998
Denadai 1998
Anderson 2000
Bruce 2000
Bell 2002
Bell 2002
Callomp 2002
Cox 2002
Doherty 2002
Ball 2003
Doherty 2004 11
Birnbaum 2004 10

—
EEN

NR 4,7, and 10 Cycling
67.9 5 Running
479 4 and 5 Cycling
61.1 Running
200 mg/d 63.3 Running
MR 50.4 Cycling
“Low” 65.1 Cycling
<200mg/d NR Swimming
<300mg/d 545 Cycling
“Users” 47.0 Cycling
“Low"” NR Cycling
Mixed 48.6 Rowing
MR NR Rowing
<50 mg/d 50.7 Cycling
=>300mg/d 51.2 Cycling
MR 54.4 Cycling
150 mg/d 6.7 Cycling
130 mg/d 58.1 Running
=300mg/d  52.0 Cycling
185 mg/d NR Cycling
NR 51.0 Running
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“Where V0sn,, Was reported in L/min, conversion to mL/kg/min was made using sample mean body mass.
‘Where Amount of caffeine administered was reporied as an absoluie value (mg). conversion to mg/kg was made using sample mean body mass.
MR, data not reported.
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Doherty and Smith (2005)



Presenter
Presentation Notes
A total of 21 studies met the inclusion criteria for the analysis. Most exercise mode are cycling and running. 



Subject were required to abstain from caffeine for between 12 – 168 hours. Median (中位數) is 24 hours and the interval time between caffeine ingestion and exercise test was between 30 – 150 minutes. Median is 60 minutes. The dosage ranged from 4 – 10mg/kg. Median is 6.0mg/kg


Results
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Tahle 2. Summary of RPE data obtained during constant rate exercise and following exhaustive exercise

First author  RPE scale RPE during exercise RPE fallowing
exhaustive exercise

Pratocol Total RPE ARPE  Mean Mean Mean Mean Performance
(%W Oy EXBCise interval scores  RPE ES' A RPE ES' A (%) A
unless stated)  time (min)  (min) %) A (%) A

-62 -021 2.2 0.4 -4.2
-52 -0.16 -7 -0mn
-62 -D021 3.0 0.20
-85 -1.00 A 1A
A HA -15 —0.30
WA hA 1.0 0.40
-123 =237 A 1A
-161  -0.34 TA
-72  -040 A
-44  -048 TA
-46 -045 . = 0.06
-58 -049 A
-38 -0i7 7 0.43
-135 -0.14 - 15. - 1.04
-14 -0.01 . 017
2.8 0,19 —0.15
0.32 . 0o
~0.14 J 0.0
—-0.30 0.18
—-0.48 ! ~0.27
-0.34 L® 0.67
-0.25 0.31
-0.36 . -0.30
~0.39 5 n.2z2
-0.14 0.0
—0.18 . 0.36
— 046 l A
-0.22 l 1A
— 045 | A
-0.91 TA
-0.19 i)
=021 i A

GXT
GXT
GXT
65
76
75
]

Perkins
Perking
Perkins
Giles
Burts
Butts
Casa
Tarnopalsky
Fulce
Alves
Maclntosh
Trice

Bell
Denadai
Denadai
Andersan
Andgrson
Bruce
Bruce
Bell

Bell

Bell

Bell

Bell

Bell
Collomp
Cox
Doherty
Bell*
Doherty
Doherty
Birnbaum
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G0 and 80°
B0 and 807
G0 and 80°
B0 and 807
50 and 80°
50 and 80°
50 and 80°
50 and 80°
50 and 80°
50 and 80°
90

0

125

50 and 80¢
70 and 80
100

K}

[ P P P |
[
SR =0 N E—E—N LN R N )

G‘)G‘sﬂ‘)a‘tﬂ)dlK'ch."."‘)d‘lmd‘;d_hﬂ‘)d‘aﬂhtf}dnﬂhdﬁ&d‘)d’blﬂ)d‘)&lﬂ)dﬁd_)ﬁ;—n—lu
L e S S R A el 1 L R O N b R TR R

—

“Includag overall. local, and central RPE
maximal ite.
age of 4 and 6 min RPE.

ve minutes at 50% followed by 15 min at 80% with RPE taken every 5 min.
'r-.-’.nrning data only.
100% peak power output.
RPE. ratings of percaived exartion; GXT. graded exercise test; ES', corrected effect size; NA, data not applicable; NR, data not reporied; ™, delta change:
AAT, above anagrobic threshold: BAT, below anasrabic threshold.

-5.61-5.3% 0.01+4.2%
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Doherty and Smith (2005)
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Presentation Notes
The RPE change in comparison to placebo was –5.6% during exercise. However, RPE following exhaustive exercise, no improvement was seen in both group.

Caffeine supplemented group led to an 11.2% improvement in test performance. Therefore, the ergogenic effects of caffeine improving exercise performance due to reducing perceptual response during exercise.


Possible Mechanisms of Caffeine Reduced RPE During Exercise

IS Rk B A Bl S P IR B 25 U R FE B R RE ARl

Exerts a direct influence on nervous system - affect both motor and
sensory neurons (Kalmar & Cafarelli 2004, Tarnopolsky et al 2000)
I HPIER S =7 ARy #5751 PN gL

Improves the efficiency of respiratory system

— Caffeine is known respiratory stimulant that augments ventilation under
exercise conditions (D’Urzo et al 1990, Powers et al 1985)

 Increase in alveolar ventilation (Brown et al 1991)
» Enhance respiratory muscle endurance (Sunpinski et al 1986)

A A ENS N ES
— (EEFFEIT o nyER ] DY s8R
s HEIIRERRE
o BRI AL ARV
Enhances analgesia - changes in mood (Laska et al 1982)
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Presenter
Presentation Notes
Because of the lack of understanding of the perceptual response to exercise and the diverse effects of caffeine on the body, exactly what causes the reduction in RPE is not known, although there are several strong candidates.



Alveolar ventilation = total volume of fresh air entering the alveoli per minute 




Caffeine and Endurance Performance

PR AL g 2R

e 2 studies performed o HEIT2UESE

— Study A - FoN
* To determine the timing of Eﬂj“

caffeine intake to endurance o SR Al FE By A fi] B
performance iNPAE=225)

To compare the effects of Coca-

cola ingestion late in the last 30% * Eﬁ%@ﬁﬁ/ﬁﬁﬁkﬁﬁﬂ [ EJ

of exercise against the %—?“?Eﬁi@ﬂﬁﬂﬂnﬂélﬁﬁ%ﬁlw
conventional caffeine dose /;Qtt@z

— Study B — FHZEB
* To determine the separate effects

of the caffeine content of Coca- ° /,E[J%‘iﬁﬁf Dﬂ%’%”ﬂﬂﬂ#&

cola and its higher carbohydrate ShR/KA &Y 3=
concentration (11% Coca-cola vs }EE@ 7E {/%

6% sports drink) and endurance
performance
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Cox et al. (2002)



Presenter
Presentation Notes
Study B: Once they found that coco-cola provided ergogenic effect, then they develop study B.
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Methodology
7

Well-trained male cyclist
— Study A: 12
(VO, s 66.4£1.3 ml/kg/min)
— Study B: 8
(VO,, ... 71.2+2.2 ml/kg/min)

2max-
Habitual caffeine daily intake:
~150mg

No caffeine intake for 48 hours
prior to experiment

Standardized diet and no training
24 hours prior to experiment

Standardized pre-trial breakfast
(eaten in the lab)

Keep food and activity records

73

AL SRy BB T
BHZTA: 12

(VO ax: 66.411.3 ml/kg/min)
H%2B: 8

(VO,ax: 71.212.2 ml/kg/min)

& AR A & ~150
)

G RTA8/ N s S i FL O R
AEAFI24/ N E— B R + [R
il R

SR RE (EERE
HR)

BB R EERC Sk

Cox et al. (2002)
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Presentation Notes
Refrained from caffeine containing beverage: coffee, chocolate and soft drinks

Specifically, exercise commenced 2h after the intake of a standardized CHO-rich meal providing 2g CHO/kg/BW


Study A: Protocol
WFEA: HlEUTA

120
o 120 min cycling at 70% VO, .. TT 7kJ/kg

2gCHO/kg 80 100 120

Testing

Sports Drink
Pre Sports Drink
During ] Sports Drink
Placebo ] Sports Drink
Coke Coca Cola

B 1mg/kgbw caffeine 1258/, T #& EE YRR
B 6mg/kgbw caffeine 625/ B B Ik Ee
B Placebo 227

5ml/kg BW
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Cox et al. (2002)
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Presentation Notes
After 12 – 14 hours overnight fast

Standardized breakfast: fruit juice, toasted bread and jam, power bar  2g CHO/kg BW

Sports drink: 5ml/kg BW
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Rating of Perceived Exertion

R 5 IR

—8— PRECAT
—— DURCAFR
—h— (COKFE
—CO—PLACERO

Rating of Perceived Exertion

T Rl (‘yciing
60 80 100 120
Time (min)

Cox et al. (2002)
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Presentation Notes
The RPE increase over time during ~11 at 20min to ~13 at 120 minutes (p<0.05). Subject reported a lower RPE in the caffeinated group than with placebo




| _a» Placebo

Coke

During

Pre
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Time trial Performance

AT AR

Improvement

3.1% [-0.1 — 6.2%]

3.1% [-0.2 — 6.5%)]

3.4% [0.2 — 6.5%)]

28 29

Time to complete TT (min)

Cox et al. (2002)
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Presentation Notes
All treatments produced a performance enhancement of ~3% compared with Placebo. Although pre group had better performance than coke and during group, the result is not significant
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BF
2gCHO/kg

Decaf 6% CHO cola-
flavored drink (Control)

Caf (13mg/100ml) 6%
CHO cola-flavored
drink (Caffeine)

Decaf 11% CHO cola-
flavored drink (Extra
CHO)

Caf (13mg/100ml)
11% CHO cola-
flavored drink (Coke)

Study B: Protocol
i5E B: Ml 504

120 min cycling at 70% VO,,., Max

TT 7kJ/kg

20 40 60 120

* *

Testing

Sports Drink

Control Control

Control

Caffeine Caffeine

Caffeine

Extra CHO

Cox et al. (2002)




Time Trial Performance

AT AR

Control Caffeine

27:05+0:42 min 26:36+0:42 min
1.9% (-0.6 — 4.41%)
Extra CHO Coke

-
S
e
-_—
R
—
=
a—

26:55+0:43 min 26.15"+0:43 min
0.6% (-1.8% - 3.1%) 3.3% (0.8 — 5.9%)

DOOOOOOODOOOOOOIOOOIOODOY

) Y N 1 L AR, B

# Main effect of caffeine: 2.2% (0.5 — 3.8%) (p<0.05)
-
| = Main effect of additional CHO: 1.0% (-0.7 — 2.7%) Cox et al. (2002)
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Presentation Notes
There was a 3.3% significant improvement in TT performance after the Coke treatment compared with control 



Comparison of the results of all trials shows a ~2% significant improvement of TT performance with caffeine compared with no caffeine and 1% improvement with 11% CHO intake compared with 6% CHO (not significant)
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Caffeine and Intermittent-Sprint Performance

Schneiker et al. (2006)
Aim of study

— To determine the effect of
Ingestion of 6mg/kgbw
caffeine on prolonged-
duration, intermittent-
sprint exercise

10 moderately trained, male
team sports athletes
(VO,, 5 56.5£8.0 ml/kg/min)

— Football

— Soccer

— Hockey

Schneiker et al. (2006)

=L
- HERAEZ 50/ A TG E
DR S ] > Pl @k
(RS T R A

1075 5l R A 55 14 B PR

—
=
(VO,a: 56.518.0 ml/kg/min)

- 1Bk
- &K
- HHMEEK
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There are lots of studies shown that caffeine enhances prolonged endurance performance.
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Protocol

AEATT 72

Before test

No alcohol and vigorous
exercise 48 hours

No caffeine-containing
products 48 hours

No food or beverages before
arrival at the lab

Standardize pre-test meal

— 29/kgBW of 100% glucose
powder with 1L water 2.5-
hour before the test

Either ingest caffeine
(6mg/kgBW) or placebo +
200ml water 1-hour before test

Keep food and activity records

ISR AT

- %d\ﬁ%fﬁ%i@%&%mﬁ

— A8/ |\HF B R S R 2E i

~- FEERERIREE

=—HEAATHYEER

— HIEFET2.5/ N8 > 258N T
HEEE 100%& &Ry + 1
NFHK

AEARTL NG > ALk

RN (62 5e/ A T HEEE) B &Rl

i

B & ROIEBEA%

Schneiker et al. (2006)
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Standardized food intake before testing to ensure adequate pre-exercise carbohydrate and water consumption
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Blood sa

Protocol

AT 72

mple

RPE measurement

)

RPE

Time (min)

100-s Active recovery at 35%0V O; peak

-

26 28 30 32 34 36

* = 100ml sports drink/water

I=4sspn'.nt

|=25sprint

Schneiker et al. (2006)
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Presentation Notes
To avoid the effects of dehydration and depletion of glycogen stores, participants were alternately given 100 ml of a commercial sports drink

This intermittent-sprint test consisted of 2x 36-min halves of intermittent-sprint exercise separated by a half time rest period of 10 min

Each half was divided into 18x 2min blocks consisting of 4s sprint, 100s active recovery and 20s passive recovery

On two occasions during each half, participants performed a repeated-sprint bout composed of five 2-s sprints with 18s recovery between successive sprints

Blood sample and RPE was obtained at 9, 13, 25 and 33 min


Results
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ooy o «7.6% * Total amount of sprint work

B Csffeine — Caffeine trial was

750000 significanFIy greater than
placebo trial in both half of
intermittent-sprint tests
700000 1 (p<0.05)

Total work (J)

350000 4 o JEIETHVAER]

— AR umER BA AR L2 R 2%
&2 (p<0.05)

600000
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Schneiker et al. (2006)
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- * Mean peak power
O Placebo

B Cifene * 7-0% ] - C_aff_ei_ne trial was

significantly greater than
placebo trial in both half of
intermittent-sprint tests
(p<0.05)

Mean Peak Power (W)

o P NIERT]
- AR AR R E L= R A =
(p<0.05)

=SS T IS
1% half ™ haf
ES: 0.40 ES: 0.43
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Schneiker et al. (2006)



Presenter
Presentation Notes
Possible mechanism: Adenosine antagonism. Caffeine is very similar structure to adenosine and can bind to its cell membrane receptors thus blocking their action. Antagonism of adenosine receptors would exert stimulatory action to CNS. CNS facilitation could enable recruitment of additional motor units or increase the frequency of motor unit activation  theoretically would increase work and power output during sprints



Mobilization of intracellular calcium  facilitated excitation-contraction coupling and increased muscle contraction efficiency thereby enabling increases in work and power output
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Caffeine and Muscle Glycogen Synthesis
ey ] LR 5

Muscle glycogen
accumulation following
exhaustive exercise Is
enhanced by adequate
Intake of carbohydrate

Studies demonstrated that
coingestion of caffeine with
carbohydrate had a positive
effect on glucose uptake

during and after exercise
(Yeo et al 2005, Battram et al 2004)

ERIZESN R > AZRAIH]L
PR 1 75 2 T T R R
KIEEY)

W5esa A E BB BE
Ttk s e KA L =¥ [E]Rr
Z[Jg/\ﬂb[l“# RN By ik

(Yeo et al 2005, Battram et al 2004)
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Presentation Notes
Important to multiple training and heats atheles




Is It True??
ELAYIE??

* Pedersen et al (2008) * Pedersen et al (2008)

— Measure the rate of muscle - BEEEFEIEEE R IRIE A
glycogen accumulation during R A 7K B & EdnnyEA
recovery from exhaustive LR GE RS

exercise when subjects — TRIT iEEh S
ingested caffeine associated . BAEIEE >250/,\H/EHH

with a carbohyd_rate ingestion . VO, 71.242.2 ml/kg/min
— 7 endurance-trained athletes o SEAEE(E AR
» Cycling >250km/week JEE i
o VO, 71.212.2 mi/kg/min
» Not habitual caffeine user
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Protocol

AEATT 72

« Before the test o CHIEAY
— NO caffeine-containing — 48/J\H%‘u)—5(;,</§[\l]}][[ﬂ#.}gﬂ;%
substance for 48 hours — 16/ NG TR A B

— Exhaustive cycle exercise ZE ]|

(16-hour prior to the test) — (B EAYIE (R
— Low carbohydrate diet Aij— R HJHRE)

Eevt(;ning meal before the — e REENELsR
es

— Keep food and activity
records
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Pedersen et al. (2008)
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Presentation Notes
1.2g CHO/kgBW


Protocol

AEATT 72

e 10-12 hours overnight fast ¢ 10-12 /NEFZEEE

70% VO,,.,, until 4-recovery phase
volitional fatigue

Minutes 30 60 90 120 180
Muscle biospy

Blood sample

4g CHO/kgBW
(CHO)

49 CHO/kgBW +
8mg/kg BW caffeine
(CAFF)

Pedersen et al. (2008)
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Presenter
Presentation Notes
During 70% VO2max rides, water was consume ad libitum


Results
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Table 1. Bload glucose and plasme insulin concentrations ai rest and after exercise

Rt ih 05h | I Sh T 3 4h

Glucose. mmalfl
CHO 3.5%0.3 6005 5908 Sdx] 1 5,712 4.7 | pede A0
Call 003 36206 61205 6308 6D 562140 5.2 b 3,220

Fnsnnlin, il
CHO 83231 43RLT MAx|17 M5=93 BOLIGE  HOZISTE MBI 36ge245
Call 04133F 42019 3020153 M2TE 4632167+ 46.0: et 6831325 46,9+ 30.4=1

Vales are means = $13 During recovery subjects consumed 1 2 carhohydrate/kg body mass (BM3CHO o 1 g ewbobydrate/kg BM + 8 mg calteine/kg
BT, Glucose signtheant difference (2 < D031 “vs, rest, "vs. Db, “vs. 0.5 b %vss 1 b “vs. 2 b 'Calfvs, CHO, Insulin significant dilference (P < 0.05):
Fva, rest. s, 1R 'es. all,
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Pedersen et al. (2008)
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Presentation Notes
There was no difference in blood glucose and insulin level before exercise. 

Blood glucose levels sing increase within 30min of ingestion after stop exercising and remained elevated throughout the 4-h recovery

Compared with CHO group, coingestion of caffeine with CHO resulted in higher blood glucose levels after 3h and 4hr for recovery



Insulin increase in both CHO and Caff group after 60 – 90 min of recovery and remained high throughout the recovery. Plasma insulin levels were consistently elevated throughout the last 2 – 3  in caffeine group such that the area under the plasma insulin vs time curve was significantly greater for caffeine than for CHO
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o CHO
m CAFF

* Diff from O h
# Diff from 1 h
T Diff from 4 h

Pedersen et al. (2008)



Presenter
Presentation Notes
There’s no difference of muscle glycogen level in both group at exhaustive level



After 1 hour recovery, muscle glycogen content was increased by a similar amount in both trial (~80%)



After 4 hour of recovery, the coingestion of caffeine with CHO resulted in greater glycogen accumulation. The overall rate of resynthesis for the 4 hour recovery period was higher in Caff compared with CHO. The first study shows that after an exhaustive exercise, caffeine coningested with CHO has an additive effect on rates of post-exercise muscle glycogen accumulation I.e aid for recovery. However, the caffeine does used in this study is quite high, maybe will affect athletes rest time  affect the rate of recovery. Lower doses of caffeine can increase postexercise glycogen resynthesis rates to the same extent remains to be determined.



Reasons: higher blood glucose and insulin concentrations observed after the coingestion of CHO with Caffeine
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Caffeine and Hydration

IR EL 7K 7

Dehydration impairs exercise
performance (Oppliger and
Bartok 2002)

Caffeine iIs diuretic = increase
urine production

Some sport experts do not
recommend athletes to choose
caffeine-containing products
before and during and exercise
(Spriet 1995)

ACSM (2007) stated that small
dose (<180mg/day) is not
likely increase daily urine
output or cause dehydration

Hit 7K A] s R s B
(Oppliger and Bartok 2002)
MSERE PR = BEIIK
el

— L R AR BN
e B e 2 op 5 45 R LR
= (Spriet 1995)

=B H B L2 5 (2007)12
H/NERYIIGEA (<1802 7%
[EDA =S IR BT EL
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Presenter
Presentation Notes
If caffeine is consumed to improve performance or training, will it induce dehydration that counteracts its ergogenic properties

Some studies states moderate intake of caffeine (<456mg) induces dehydration


Supportive Evidence

SCRTRLLR

 Wemple et al (1997) « Wemple et al (1997)

« 6 healthy and active o GL(ERE MEE=E SV
adults ZSPN
— 3 caffeine habitual users — 3B FHUIYEANE S
(~2 — 3 cups coffee/day) (~2 — 3EFMHE H)
— 3 are not habitual users — 3firIEIE & s YRR =
e Aim of study: i
— To investigate the effects - W3EHAY:
of caffeinated vs non- — sl EneEREL A Sk

caffeinated sports drinks RPN 2 B ER ) PR g B A
on urine production fA
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Protocol

AEATT 72

e 4 days prior to test HIERH4H

— No caffeine containing _ T e s
roduct B R E

e 3.5—4 hours prior to test  ° AEAT3.5 — 4 7N

— High carbohydrate liquid - Shr7KI L EE

meal e 65%fi /KA [:/\CF@

* 65% carbohydrate, 18% 18%EH'E -~ 15%f5
protein and 15% fat AR

o 260kcal/236ml 260 /23627
— 1L of water

(R A A AV Y AT JLE Y A A

Wemple et al (1997)
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Protocol

AEATT 72

4 different groups o TR 4A%H
— Resting caffeine (RC) — IER-AR S (RC)
— Exercise caffeine (EC) — YRR -38E ) (EC)
— Resting placebo (RP) — ZRIE-(R 2. (RP)
— Exercise placebo (EP) — LRI -8 ) (EP)
e Caffeine dose o IMYEARES =

— 25mg/dL - — 25mg/dL -
8.7mg/kgBW 8.7mg/kgBW
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Wemple et al (1997)
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Minutes
Heart Rate

Rectal Temperature
Blood sample
Urine sample

Body weight

Sports drink
intake*

(8ml/kg BW)

Sports drink
intake*

(3ml/kg BW)

Protocol

AEATT 72

60% VO,,... cycling x 180 minutes

0

*

*

*

80 100 120 140 160 180

* *

* *

* With or without caffeine (25mg/dL)

200

Wemple et al (1997)
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Urine flow rate
Bl cc (AP EC E=EP

Urine flow rate (mlL/hj

0-&0

time {min}

Wemple et al (1997)
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Presenter
Presentation Notes
Cumulative urine flow rate between 60 and 240 min at REST was greater than with CAFF than Placebo

As expected, exercise reduced urine production when compared to the REST condition
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% CGhange in plasma volume Heart rate

—=—RP -—=—EC ——RAC —+—RP -+ EC
150

128
106
a4
B2

% change PY
Heart rate (beats/min)

_ 4{:' | 5 M N . 5 1 1 1 i
120 0 60 &0 100 120 140150 180 200 220 240
tirme time

Sweal rate Rectal termperature

—— AP —=—EC - EP ——RC —=—RP —EC

Sweal rate (mbh)y

Q80 80 100 120 140 1680 180 200 220 240
time

Wemple et al (1997)
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Presenter
Presentation Notes
All % change in plasma volume, sweat rate and rectal temperature. No significant differences were found in caffeine group.

These are the parameters for dehydration. That means caffeine will not induce dehydration during exercise
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Harapineshine

c = EF oy .
19:1:- g L RF EEECc = .
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Presenter
Presentation Notes
During exercise, both NE and E rose from 60 – 240 minutes

Increased epinephrine and norepinephrine can increase electrolytes reabsorption in kidney  increased fluid reabsorption  osmolar excretion decreased during exercise

Exercise-induced increase catecholamines counteracts the diuretic effect of caffeine by stimulating a greater solute reabsorption and greater water conservation by the kidney


Supportive Evidence

SCRFRLESR

 Fialaetal 2004 Fiala et al 2004
— 10 heat-acclimatized — 10f 2 ERYEE) 5

athletes — e PR A
— Habitual caffeine users Elg)

* Aim - A EET S EEEIR

— To investigate hydration R 260 S g FE oEA
status of trained individuals K53 7 T e 2

=]
using caffeine during 2-a-
day practices across 3-day
period
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Presenter
Presentation Notes
4 sessions per week and ~1hour per session. 



Foods affect caffeine metabolism e.g cruciferous vegetable (西洋菜, 椰 菜, 白菜, 芥蘭) or char-broiled meats


Protocol

AEATT 72

e 2 groups o« 24H

— CAF: rehydrated with _ CAE: 753 H .
water during exercise and CAF: tEE BT EX

== .y S
rehydrated with Coca Cola 3E= 7J<&§£§%Hﬁ°laﬁﬁ§/\
during all other time R o] [ o] 2

CF: rehydrated water — CR{FEEHAR ExH
during exercise and 5 7K & HAeREF S e FH
rehydrated with caffeine— ;I: SRy B 1 a]

free Coca Cola during all
other time o
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Fiala et al. (2004)
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3.6mg/kgBW


Protocol

AEATT 72

« Laboratory data collection o EhmE s
— Dayl &4 - F£1&4 H
Body weight - HSEE
Urine sample - KK
Blood sample - &
Thirst sensation - [aREE
« 1 (not thirst) > 9 (thirst) * 1(RL1E) > 9 (L&)
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Fiala et al. (2004)
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Presentation Notes
Collect in early morning

Urine: USG, urine color, osmoality

Blood: HCT, Hgb and osmoality 
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Field data collection (Day 1 - 3)

Protocol

AEATT 72

Pre-AM
Practice

Morning Practice

Post-AM
Practice

Lunch
1-hour

Pre-PM
Practice

Afternoon
Practice

Post-PM
Practice

Time on
Own

9
S

40m soccer

40m ultimate Frisbee
40m modified rugby
Water ad libitum

9

Either:
1.Coca-cola
2.Caffeine-
free Coca-
cola

ad libitum

9

80m hike
40m flag
football
Water ad
libitum

9
S

Either:
1.Coca-cola
2.Caffeine-
free Coca-
cola

ad libitum

Remarks:

9 - Body weight, urine sample (USG, volume and urine color), RPE, thirst and thermal
sensation (0 — unbearably cold, 8 — unbearably hot)

&- Environmental symptoms questionnaire (ESQ)

Avoid any high water content foods such as watermelon and soup during the trial

Avoid other caffeine-containing foods and beverages
Collect water and beverage consumption

Fiala et al. (2004)



Presenter
Presentation Notes
2 hours practice and 4 hours per day. Temp: mild heat ~23

ESQ: 56 questions designed to assess on a 0 – 5 whether the symptoms exist that might be environment related. was developed to obtain information about the incidence and severity of symptoms produced by exposure to several different climatic conditions. The Environmental Symptoms Questionnaire (ESQ) was developed to help researchers quantify symptoms experienced by individuals exposed to extreme conditions
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Table 1 Field Variables for Pre-AM

Resu
4+ B

IS
H

W

N

Day 1

Day 2

Variable Caffeine Caffeine-free

Caffeine-free Caffeine

Caffeine-free

68.6 = 12.7 68.5 + 12.6
106 S
RPE 60 Tx1
Thermal 4.0 £ 0.5 4.0 = 0.5
Thirst 3.0x 1.0 40 = 1.0
usG 1.017 = 0.010 1.017 = 0.009
Urine color 4+ 2 S

Body weight (kg)
ES

68.5 = 12.5 68.6 + 12.7
10+ 8 11 +9
6+ 0 |

4.5 + 0.5 3.5 £ 0.5
3.0+ 1.0 3.0+ L0
1.023 + 0.006 1.021 + 0.010
6% 2 5+ 2

687 + 124
13+7
T
40+ 05
3.0z 1.0
1.019 + 0.008
S

Note. Values are mean + standard deviation.

Table 2 Field Variables for Post-AM

Day 1

Day 2

Variable Caffeine Caffeine-free

Caffeine Caffeine-free Caffeine

Caffeine-free

68.1 £ 12.4 68.2 + 12.4
15kl 15 2
Thermal S5t S 50 1.0
Thirst 50 2.0 50+ 1.0
UsG 1.019 = 0.008 1.020 + 0.008
Urine color 6+2 6= 1

Body weight (kg)
RPE

+12.1 682 £ 12.2 683 = 12.5
+ | 15+ 1 14 + 3

+ 0.5 50+ 1.0 5.0+ 1.0

+ 1.0 4.0 = 2.0 4.0 = 2.0
+ 0.008 1.023 + 0.007 1.021 = 0.009
+2 6 42 Tt L

683 + 12.4
16 = 1
50+ 1.0
40 = 1.0
1.017 + 0.010
ShEa

Nore. Values are mean + standard deviation.

Fiala et al. (2004)

Table 3 Field Variables for Pre-PM

Day 1

Day 3

Variable

Caffeine-free

Caffeine Caffeine-free

Body weight (kg)
RFE 7
Thermal 3.0
Thirst 2.0
UsG 1.020
Urine color 3

W HH R K]

Nore. Values are mean = standard deviation.

Table 4 Field Variables for Post-PM

Day 1

Day 2

Day 3

Variable

Caffeine-free

Caffeine-free

Caffeine-free

Body weight (kg)
ESQ

Urine color

'o )]
Swu,_ &
LOUVOLOO
[T,

68.4 = 12.5
22 + 11
14
ak -0
. .0

1.01 .010

Note. Values are mean =+ standard deviation.



Presenter
Presentation Notes
Urine color increased at the post-AM time point. It is important to note that all subjects rehydrated with water prior to post-AM assessment

There were not significant effects in both perceptual at any time point

Post-AM urine color might indicate a potential for altered hydration status after use of caffeine for consecutive days
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Table 5 Laboratory Variables

Variable

Day 1

Day 4

Caffeine-
Caffeine free

Caffeine

Caffeine-

free

Hematocrit
(%)
Hemoglobin
(g/dL)
Plasma osmolality
(mOsmo/kg)
USG
Urine color
Urine osmolality
(mOsmo/kg)
Thirst

4535 =+ 2.5 46.5 + 2.0

14.17 £ 094  14.43 + 0.97

284 + 6 284 + 5
1.018 + 0.007
4+2
649 + 322

1.017 + 0.007
5+ 1
633 + 227

4.0 + 2.0 3315

42:5 4+ 3.5

1347 + 1.12

288 + 5

1.024 + 0.006

6+1
859 + 219

6.5 + 1.5

435 + 3.0
13.49 + 1.11
287 + 6
1.022 + 0.006
6+1
778 + 238

6.0 + 2.0

Note. Values are mean + standard deviation.

Fiala et al. (2004)



Presenter
Presentation Notes
Similarly to filed, there’s no significant interaction effects for any lab variables
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Table 7 Total Fluids Ingested and Produced, and Resultant Body Weight
and Plasma Volume Changes for 3 Days

Fluid Caffeine Caffeine-free H9)

Soda 560 + 1.54L 539+ 153L 0.525
Caffeine 741 + 171 mg 0+ 0Omg 13.685
Water 6.26 + 2.27L 6.02 + 1.78L 1.295
Total fluid 11.86 + 1.83 L 11.41 £ 1.39L 0.936
Urine volume 508 £ 1.71L 501 £+ 247L 0.173
Urine percent® 43.7 £ 15.1% 44.2 + 21.6% —-0.116
Weight changes —0.31 + 0.76 kg 0.06 + 0.26 kg -1.830
% change plasma 10.85 + 10.61% 14.50 £ 9.15% -1.618
volume

Note. Values for caffeine and caffeine-free are mean + standard deviation.
aUrine percent = urine volume/total fluid X 100%.
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Fiala et al. (2004)
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Presentation Notes
No significant differences between fluid consumption and urine production (3.6mgcaffeine/kgBW)



Exercise-induced increase catecholamines counteracts the diuretic effect of caffeine by stimulating a greater solute reabsorption and greater water conservation by the kidney






Other Considerations: Tolerance and Withdrawal

I MM R AT

Tolerance (i.e. diminished responsiveness) to caffeine resulted from
repeated exposure

B R PR E g R DAL =T 4 <2 14

Lower caffeine doses are well tolerated by nonusers
(A= AIYEN Al SIEE BB F X

5 — 6 days to develop tolerance for nonusers
FEE P 7R 25 — 6 KL <2 14

Start with a lower dose, ~1 — 2mg/kgBW, then gradually increase
dose during the next few days

JETERRIEFBEIL - 227/ A TRGE) » AR g
Side effect: tremor, insomnia, anxiety, palpitation

BIEA: & ~ RIR - BE - 0 - BFE
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Presenter
Presentation Notes
Habituation to caffeine is important when considering its use as an ergogenic aid. Habituation alters an individual’s caffeine sensitivity, tolerance to a given dose, cognitive perception and mood




Other Considerations: Tolerance and Withdrawal

I MM R AT

Acute reduction of caffeine intake may cause withdrawal

symptoms (e.g. decreased mental alertness, increased tiredness,
degraded mood)

eI DAL AT 5 [ 2GEderiE (B1a0: REieriER
i‘bﬂf“ f& ~ 1544 T IeF)

Reduce caffeine consumption at least 1 week before
competition to avoid any withdrawal effects

FEAE ELEE R — Z BRI Dl R U 28 o0 B e
The dose should be gradually reduced over 3 — 4 days
EE'EB 49&%[‘1‘@3\ =R /@T /UZ//[

ulununilytu.nkh.'*.m
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Presenter
Presentation Notes
If athlete decides to stop consuming caffeine before competition to optimize its benefits during competition, he or she should reduce 1 week before competition. 

Resuming caffeine on the day of competition will again provide the desired ergogenic effects as it would for a non-users


Practical Applications

==

I=| 7|"/Ln N

Source of caffeine o IHERARE

— Caffeine capsule vs coffee — WNYERSE A, vs Ik

— Results ar_e inconsistent _ FgesEER—F)
» Caffeine capsule had better effect

than coffee (Graham et al 1998) * DIYRARSEAUCR LR
* No difference was found between (Graham et al 1998)
caffeine capsule and coffee o DIYERIZE A BRI G A o>
(McLellan & Bell 2004) A (McLellan & Bell 2004)
Cox et al 2002 showed that Coca- — Cox et al 20025 H1EHER 18 B

cola consumption toward the end & FH ] 1 o] 44 a2 7230

of test enhance the performance
: — %% 1t
— More studies are needed FTELLHGT

Inconsistent caffeine content in E“E”?F@&ﬁ =—HYINYEA
coffee = B N
(Espresso: 25 — 214mg/serve; CEr Rk 25 — 2142 52/{77,
Desbrow et al 2007) Desbrow et al 2007)
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Practical Applications

==

Timing of Intake
— Peak blood level: 30 - 75

minutes after ingestion
(S6kmen et al 2008)

Half-life; 4 — 6 hours

Bell & McLellan (2002)
found that an increased time
to exhaustion during exercise
1 and 3 hours after ingestion,
but not after 6 hours or
placebo trials

Recent studies also showed
that intake of low dose of
caffeine during exercise
enhanced performance
(Conway et al 2003, Cox et al
2002)

I=| lgl_l"/u\ N

o IREIFE]

- MBRmEaE EE%30 -
755784 (S6kmen et al 2008)

HEHH: 4 — 67\

Bell & McLellan (2002) 54
HEIIGEATR LR 3/ NFEL#E
RIR6/NF R R 0] 2
=3l

AT AT Eobft 5 E HHAE )
HH ] A R (B IS R A ]
PN SRR

(Conway et al 2003, Cox et al
2002)



Presenter
Presentation Notes
1st point: Therefore, the traditional protocol is 1 hour before exercise

2: slowly catabolized ie. It takes 4 – 6 hours to cleared from the body
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Practical Applications

==
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Caffeine Dose
— 1-13mg/kgBW (Roti et al

2006, Yeomans et al 2002,
Graham et al 1991, Pasman et
al 1995)

High dose of caffeine intake
(9 — 13mg/kgBW) can result
in dizziness, headache,
nervousness, insomnia -
decrease performance
(Quinlan et al 1997, Graham
et al 1995)

No evidence of dose-response
relationship

Recommend: 1 — 3 mg/kg
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et al 2006, Yeomans et al
2002, Graham et al 1991,
Pasman et al 1995)
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Presenter
Presentation Notes
1st: 1 – 13mg/kg had positive effect on time to fatigue, endurance, events, sports and sprint or power events
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Conclusion
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Sound evidence suggested that
caffeine supplement could
enhance exercise performance

Moderate caffeine intake will
not induce diuresis

Modest levels of intake 1 — 3

mg/kgBW) showed beneficial
effects

Different response to people —
should try before use in
competition

Beware of side effects for
non-users
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