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Mechanisms for Caffeine

1. Centiali= Increase descending drive fremithe
MeLor cortex by Blecking the IRIBIeR/ effiects
i adenesine. This may limpreve: tne anility, ie
achievermeaximal muscleractivation.

2. Peripheral - Alter excitation-contraction
coupling.



Acute Effiects of Cafifieine On Strength

Kalmar JM, Cafarelli E. Effects of caffeine on neuromuscular function. J. Appl. Physiol.
1999;87:801-808

[Design = Doeuble-blinded, placeho-
contrelled

Subjects = Eleven healthy men

[Desage = 6 ma/kg hoedy wWeilght taken
1-heurr prior te testing

Rlacehor= \Wheat flour
[Dependent vamnables =

1. Percent voluntary activation of
therguaariceps femonis muscles
(@ssessed Withitwiteh
Interpolation)

2. Unilaterall isometric leg
extension force

3. EMG amplitude for'the vastus j

laterallis muscle __ * T

4. 50%) MV C endurance time )
e Control Flacebo Cafieine

Fig. 3. Voluntary activation, peak force. and maximal EMG (EMG,_ ).
Data were collected from pare B of protocol. Percent change from
pretest to posttest is shown for voluntary activation (A1), MVC (E],
and vastus lateralis EMG e (£, * P 0,05, ** P 001,
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Acute Effects of Caffeine On Strength

Kalmar JM, Cafarelli E. Effects of caffeine on neuromuscular function. J. Appl. Physiol.
1999;87:801-808

[Results

1. Caffielne resultedinrsignificant Increases in
Voluntany/ activatuien (apprex. 3% change),
ISOMELNAC Ieg extensionfiorce (approx. 6%
change), and 50% VIV € endurance time
(25.8% Cchiange).



Acute Effects of Caffeine On Strength

Kalmar JM, Cafarelli E. Effects of caffeine on neuromuscular function. J. Appl. Physiol.
1999;87:801-808

Potential Explanations

1. Peripheral effects off cafifeine (1.e:, at the muscle
filber level) have only heen demonsirated at 0esages
that' would e texIc 1o Almans.

2. Innibitien efi adenosine couladimprove
NEUretraNSMILEr releaserand increase neurenal fiing
liates;

3, Thene was no change in H-reflex amplittoe (used
10/ assess motor neuren excitanility). TFnus, the
Changes In muscle activation, stiengtniand endurance
Were attributed to supraspinal mecnanisms.



Acute Effects of Caffeine On Strength

Beck TW, Housh TJ, Schmidt RJ, Johnson GO, Housh DJ, Coburn JW, Malek MH. The
acute effects of a caffeine-containing supplement on strength, muscular endurance, and
anaerobic capabilities. J. Strength Cond. Res. 2006;20:506-510

[Design = Doeuble-blinded;
placebe-controlied

Subjects = 37 resistance-traimed
men

[Desage = 201 mg taken: 1-hoeur
PrioeK 1o testing

Placelho = Microcrystalline
cellulose

[Dependent variables =

1. One-repetition
maximum (L-RIM) bench
Press strengii

2. Bench press total
volume (tetalivelume of

u 51FPP
O FLAC

E
=

werght lifted duringran r‘f

endurance test withr80% of: E

the 1-RM) E:

3. 1-RMileg extension

strengti

4, LLeg extension total h .

volume



Acute Effects of Caffeine On Strength

Beck TW, Housh TJ, Schmidt RJ, Johnson GO, Housh DJ, Coburn JW, Malek MH. The
acute effects of a caffeine-containing supplement on strength, muscular endurance, and
anaerobic capabilities. J. Strength Cond. Res. 2006;20:506-510

Conclusions

1. The acute: effects of caffeine could e
Inkltiencediy. both traimingstaiis and the type
Ofi EXercise PEING| perfomed (UpPer Vs. |ewWer-
REdY).

2. Califeine may resultinincreases In
Strengi, Withine:changes; i muscular
endurance.



Acute Effects of Caffeine On
Neuromuscular Function

Walton C, Kalmar JM, Cafarelli E. Effect of caffeine on self-sustained firing in human
motor units. J. Physiol. 2002;545.2:671-679

[Design = Doulle=hlinded,
placeiho-controlled

Subjects = Sevenihealthy: men

[Desage = 6ima/kg| bedy Welght
takeni 1-heur prior te testing

Placelho = \Wheat filour
[DEpendent varianie'=

1. Occurrence of self-
sustained firng| off motor UnIts
I the tibraliis anterior muscle.
Self-sustaied firing Is the
continued fring of a meLor
UnIt even wiith' a decrease. in
synaptic drive (I.e., the motor
unit continues firngalmost on
ItS own).
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Acute Effects of Caffeine On
Neuromuscular Function

Walton C, Kalmar JM, Cafarelli E. Effect of caffeine on self-sustained firing in human
motor units. J. Physiol. 2002;545.2:671-679

[Results

1. Cafifielne resulediin a significant Increase: In
e eceurrence; off seli=sustained frnngwien
conmpared e placeho;

Conclusions

1. Caffieine may helprtermaitainithe Miinag of
MOLor UnIts, even with decreased neurall drive
firom the central nervous system.



Acute Efifects of Caffieine On
Neuremuscular Function

Walton C, Kalmar J, Cafarelli E. Caffeine increases spinal excitability in humans. Muscle
Nerve 2003;28:359-364

Design = [Deukle-blinded; placeko-contrelied
SUBJects = Seven healthy: men

[Desage =6 mao/kg hody Welght taken L-heulr prier (o
lesting

Placeho= \Wheat fliour
[Dependent variable =

1. Ratie ol slopes oif IH-refiex andfiVi-wave
fecruitment curves, (I.e., Used to estimate moter Neuron
excitanility).



Acute Effects of Caffeine On
Neuremuscular Function

Walton C, Kalmar J, Cafarelli E. Caffeine increases spinal excitability in humans. Muscle
Nerve 2003;28:359-364

Results

1. Caffeine resulted 1nia significant INCrease 1N motor NeLon
excitannlity.

EXxplanations

1. Caifeie may. Increase descending| drive 1o motor Neurens.

2. Cafifeine may. Increase tne resting membrane potential such
hat the moeter neuren reacnes tiiresheld moere easily.

Implications

1." Caffeme could make it easier to recrult motor UnItSWIth Very
hign thresnolds. TIs may improve:theranility tormaximally
activate tinermuscle; thereby facilitating fiorce’ production.



AcUte ERfects ol Califere on
Anaerenic Power



Acute Effects ofi Caffelne on
ANaeronbic PoWer

Anselme F, Collomp K, Mercier B, Ahmaidi S, Prefaut Ch. Caffeine increases maximal
anaerobic power and blood lactate accumulation. Eur. J. Appl. Physiol. 1992;65:188-191

Designi = Deukle-blinded; placele-controlled, Crossever
Supjects =ren meniand four Wemen

Desage = 250 mg taken S0-min| prior Lo testing

2laceho = [Lactoese

Dependent variables =

1. Miaxamal pewer output-during 6-Sec cycle
Ergemeter sprnts at varousiieads

2. Bloed lactate concentrationiimmediately after each
Sprint
3. Blood' lactate concentration S-min after each sprint




Acute Effects ofi Cafferne on
ANaerobic PoWer

Anselme F, Collomp K, Mercier B, Ahmaidi S, Prefaut Ch. Caffeine increases maximal
anaerobic power and blood lactate accumulation. Eur. J. Appl. Physiol. 1992;65:188-191

[Results

1. ihe mean (& SEV) peak power outpub fier the
placene condition Was 9037 £52.62 Walts,
While the correspoending peak pewer output for
the califeine conditienwas 964. 01+ 65,6 VWalts,

2. Cafifeine restlted 1 significant Increases in
pleedilactate concentirations hetnimmediately
fellewing, and S-mini after each sprint.



Acute Effects ofi Cafferne on
ANaerobic PoWer

Anselme F, Collomp K, Mercier B, Ahmaidi S, Prefaut Ch. Caffeine increases maximal
anaerobic power and blood lactate accumulation. Eur. J. Appl. Physiol. 1992;65:188-191

Explanations

1. Caffeine may have resulted m hign
Intracellblar calciun concentrations. e
Increased calcium concentrations may. nave
iesulted 1npincreased muscle contractiiby.

2. Caffeine could have Improved the process
ofi lactate release fiiom the muscle; therehy.
INCreasing| ot peak Pewer eutput and kieed
lactate concentration.



Acute Effects ofi Cafferne on
ANaerobic PoWer

Collomp K, Ahmaidi S, Audran M, Chanal J-L, Prefaut Ch. Effects of caffeine ingestion
on performance and anaerobic metabolism during the Wingate Test. Int. J. Sports Med.
1991;12:439-443
[Design = Doeuble-blinded; placeko-contiolled) crossever
SUBJEcts| = Tihnee men and tnree Woemen

[Desage = 5 ma/kag| ofi hedy Welght taken 1-heur prier te
perfiermingia Wingate Test

Placene = Gelatin
[DependentVarmanles=
1. Peak power output
2. IVieanrpewer eutput
3, Fatigue imdex

4. Plasma lactate; glucose; insulin, and catecholamine
(Epinephrine and NOrERPINEPNIINE) CONCENtIAtIONS WErE
measured hefore and immediately after the \Wingate Test.



Acute Effects ofi Cafferne on
ANaerobic PoWer

Collomp K, Ahmaidi S, Audran M, Chanal J-L, Prefaut Ch. Effects of caffeine ingestion
on performance and anaerobic metabolism during the Wingate Test. Int. J. Sports Med.
1991;12:439-443

[Results

1. Caffelne had ne erfect on peak pewer ouipul,
ean PeWEr eUtpUL, fatiguetinaex;, andiplasma
glucoese and msulin levels;

2. Calfeine resulted i increased ploedlactate
and catecholamine concentrations:



Acute Effects ofi Cafferne on
ANaerobic PoWer

Collomp K, Ahmaidi S, Audran M, Chanal J-L, Prefaut Ch. Effects of caffeine ingestion
on performance and anaerobic metabolism during the Wingate Test. Int. J. Sports Med.
1991;12:439-443

Explanations

1. Tihelincreases i bieeadtactaie and
cateclhiolamine concentratieons, WIthino; CRanges
I the perfermance: Varianles; suggested that
extiia pyrtvate preduction durng glycolysis
may. have BEeen converted prmaniy o lactate.

2. Anotner potentialiexplanation Is that califenne
may Enlance perfermance only fior trainea
Ssuljects.



Acute Effects of Caffeine on
ANaeronpic PowWer

Greer F, McLean C, Graham TE. Caffeine, performance, and metabolism during repeated
Wingate exercise tests. J. Appl. Physiol. 1998;85:1502-1508

[Designi= Double-hlind, placeho-
controlled; crossever

Subjects = Nine: healthy men

[Desage = 6:mg/kahody werght
taken 1-heur prior to testing

Placehoe = Dexirose

[Dependent variables =

1. Peak power output during 4
\Wingate Tests, separated by 4
minutes of rest.

2. IViean pewer output duiing
the\Wingate Tiests

3. Rate off powerless (WW/Sec)
during the Wingate Tjests

4, Plasma levels of caffieine,
EpINePRrne, NerepInephnne,
glucose, glycerol; ammonia,
potassium, and' lactate.

5. Oxygen consumption; rate
and the percent aerohic

contribution te energy. WG 1 WG2 WG3I WG4
production.
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Acute Effects of Caffeine on
ANaeronpic PowWer

Greer F, McLean C, Graham TE. Caffeine, performance, and metabolism during repeated
Wingate exercise tests. J. Appl. Physiol. 1998;85:1502-1508

[Results

1. Cafifeine had nereifect o peak PewWer
EUILPUIL, MEan: POWET GULPUT, riate off power: 10Ss;
O any/. of: thie PIeoa CEMISHY. Paramelers
measured during the Wingate Tests.

2. Calfeine alse had neiefifect on oxygen
consumption rate or the Percent aerenic
contripution| to enengy: production.



Acute Effects of Caffeine on
ANaeronpic PowWer

Greer F, McLean C, Graham TE. Caffeine, performance, and metabolism during
repeated Wingate exercise tests. J. Appl. Physiol. 1998;85:1502-1508

Conclusions
1, Califielne does not result 1n acute InCreases
I POWER GUIRUE dUING RIGR=INtENSILY.
ANAErORIC EXErCISE,

2. Caffeine alse nas noeffect on anacronic
metanelisn during|exercise.



Acute Effects of Caffeine on
Anaerehic Power

Collomp K, Ahmaidi S, Chatard JC, Audran M, Préfaut Ch. Benefits of caffeine
Ingestion on sprint performance in trained and untrained swimmers. Eur. J. Appl.
Physiol. 1992;64:377-380

Design = Doeuble-blind; placeho-controlled) crossover

SUbjects = Seven traimed sSWimmers and seven untrained
Suljects

[Desage = 250 mg taken one Rour prior to; testing
Placene = Gelatin
[Dependent Vanales =

1. Average swimming Velocity durng tweiseparnate: 100
Meter sprints

2. Blood lactate values during rest, asiwell as immediately:
after the first and secondl L00-m sprints.



Acute Effects of Caffeine on
Anaerehic Power

Collomp K, Ahmaidi S, Chatard JC, Audran M, Préfaut Ch. Benefits of caffeine
ingestion on sprint performance in trained and untrained swimmers. Eur. J. Appl.
Physiol. 1992;64:377-380

Results

1. Cafferne ingestion resulted in significant 1ncreases
I mean swiimming Velecity durng beth 100 meter
Sprints for the traimed SwWimmers, but not fox the
Untrained subjects.

2. Calfieine resulted i significant 1mcreases in bleod
lactate valles (comparedito placeno) afterr ot 100
MEter sprnts 1N the tralned SWimmers and untrained
suljects.



Acute Effects of Caffeine on
ANaeronpic PowWer

Collomp K, Ahmaidi S, Chatard JC, Audran M, Préfaut Ch. Benefits of caffeine
ingestion on sprint performance in trained and untrained swimmers. Eur. J. Appl.
Physiol. 1992;64:377-380

Concliusions

1. Caffene may Impreve anaerohic Perfernmnance
enly fiertrained subjects:

2. Caffeine may Increase the:rate ol anaeronic
glycolysisiand/er promete lactate release; oth of
Which coulaiincrease plasmar lactate concentrations.

3. Caffenne may: e usefiul for repeated houts of
aNaerenIc exercise, WHICH are: Common: 1 Sports such
asi swimming, track and fielad; wiestling;, feetnall, and
asketnall.



Acute Effects of Caffeine on
Anaerehic Power

Bell DG, Jacobs I, Ellerington K. Effect of caffeine and ephedrine ingestion on
anaerobic exercise performance. Med. Sci. Sports Exerc. 2001;33:1399-1403

Design = Deukle-blind; placehoe-controlied
Subjects = 16 men

Iireatments;= Cafifeine (5 mg/kg hedy Welght), Ephedrine (1
Mg/kg bedy Welght), or Caffeine + Ephediine

Placeho = Dietany filloer
[DependentVamanies =

1. PeWer eutput at 5-Sec Increments durng a Wingate
Irest.

2. Bloeed lactaterandlgllcose concentiations prior: 1o, and
3, 5, andl 10rminutes afiter the VWingate: Tiest

3. Blood catecholaming concentrations (EpINEPRIINE,
norepInephrine; andidepaming) pror te, and 10 minutes
after the Wingate Test



Acute Effects of Caffeine on
Anaerehic Power

Bell DG, Jacobs I, Ellerington K. Effect of caffeine and ephedrine ingestion on
anaerobic exercise performance. Med. Sci. Sports Exerc. 2001;33:1399-1403

Results

1. Ephedrine and Caffeine + Ephedrne resulted in signiificant
INCIreases N pewer eutput durng the first 10 secends off the
\Wingate Irest.  Caffeine alene, newever, had nejeffect on
POWEN OULPUL:

2. Botn tne cafifeine and ephedrine: tieatments; resultediin
Increased blood lactate concentrations: after exXencise.

3, Caffielne and epnedrnge alse caused increased plasmea
glucose: Ievelsipre- anal poest-eXerncise.

4, The caffene and caffelne + ephedrine treatments Were
assoclated with Increased plasma epimephrine: levelsipre--and
POSt-EXENCISE.



Acute Effects of Caffeine on
ANaeronpic PowWer

Bell DG, Jacobs I, Ellerington K. Effect of caffeine and ephedrine ingestion on
anaerobic exercise performance. Med. Sci. Sports Exerc. 2001;33:1399-1403

Concliusions

1. Caffeine alone had ne effiect o Perfermance
during tne \Wingate: Tiest, hut the conmpination of
calferne and ephedrne Increased PeWer eutput aurng
the first ten seconds offthe \Wingate: liest.

2. Changes 1n bleod chiemistry/ parameters (e.g;,
lactate; glUcese, and eprnephring) fellewing Ingestien
ofi cafifelne;, epnearng, ol ot may net e
ACCompPanied by INCreases In Perfiermance duming tie
\Wingate Test.



Acute Effects of Caffeine on
ANaderonic POWEr

Beck TW, Housh TJ, Schmidt RJ, Johnson GO, Housh DJ, Coburn JW, Malek MH. The
acute effects of a caffeine-containing supplement on strength, muscular endurance, and
anaerobic capabilities. J. Strength Cond. Res. 2006;20:506-510

[Dependent Varianles

1. Peakipewer output firemihack-10-hack
\Wingate: liests (Separated py: 7=min of rest)

2. Viean pewer eutputfrem: the twe\Wingate
Tests




Acute Effects of Caffeine on
Anaerehic Power

Beck TW, Housh TJ, Schmidt RJ, Johnson GO, Housh DJ, Coburn JW, Malek MH. The
acute effects of a caffeine-containing supplement on strength, muscular endurance, and
anaerobic capabilities. J. Strength Cond. Res. 2006;20:506-510

Results and Conclusions

15, Caffelne had ne erfect on peak PeVWEr: of
ean POWer:

2. [ihe acute: efifiects ofi catfelne 0nanacronic
POWErmay: BEINHUENCEd Y/ e 0eSagE laken
anad e type of actlVity, that Was perfermed.
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