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ABSTRACT

The purpose of this study was to assess maximkihistic leg extension force in response to
glucose ingestion and to determine whether anypednce changes occur in a time-
dependent manner. Seventeen young (22.1+3.9 y&zan)(%BF: 14.3+8.0; %BF Males:
9.7+4.2; %BF Females: 23.7+4.2) and recreatioradtwe (>150min/week of physical
activity) male (n=11) and female participants coatgd the trials. Using a double-blinded
cross-over design, participants performed setsrma8imum isokinetic efforts on a
dynamometer (HumacNorm) before and after (5-, 38, 45-, 60-, 75- and 90-min post)
ingesting either a carbohydrate (75 g glucose$@ralumic placebo (saccharin-flavored)
drink. Blood glucose and EMG were recorded conaiinath force output (max peak force;
mean peak force). Despite a significant rise imtliglucose (mean glycemic excursion =
4.01+£1.18 mmol/L), there were no significant int#r@ans in any (absolute or percentage)
force (mean peak force>p.683; max peak force>0.567) or EMG (mean peak EMG:
P>0.119; max peak EMG>100.247) parameters measured. The ingestion of ghuasilted
in a 3.4% reduction in mean force across subsedumatpoints (highest: +2.1% at 15min;
lowest: -8.6% at 90min post ingestion), howeves gffect was smalldk0.1). The ingestion
of glucose does not alter performance of maxinairsetic efforts in recreationally active
young individuals. Additionally, there were no @ifénces in force when assessed as a
function of time following glucose ingestion. Cogsently, in the absence of fatigue,
carbohydrate ingestion is unlikely to present ammpgenic benefits to athletes performing

resistance-based exercise.

Keywords. Carbohydrate; MVC; Strength; dynamic; contraction
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INTRODUCTION

The ergogenic effects of glucose ingestion eitmer po (29) or during (21) sustained (>60
min) bouts of exercise are well documented (26)weicer, the effect of glucose
supplementation on performance of shorter durg&@@ min) is inconsistent, with only a
limited number of studies reporting some improvets@m performance (1, 13, 15, 27, 28);
wherein two of these studies had a duration greaser 50 min (1, 15). Additionally, while
the study by Lee et al (13) demonstrated improwstbpmance during multiple short-
duration (2 x 30 sec efforts interspersed with IM»sec efforts) cycling bouts following
ingestion of carbohydrate, this benefit was ascriloeimproved performance in the first 30

sec effort only.

With respect to the role of carbohydrate supple@tent in resistance training and force
output, the literature is equally conflicting. Sostadies have reported a benefit in time to
exhaustion tasks (~16 min vs 29 min, placebo vhoteydrate; 50% MVC (27, 28)) and
performance over multiple resistance training s&ss(8), while others observed no
improvements in either performance (12, 14, 25)erceived exertion (24) with dietary
carbohydrate manipulation or acute carbohydratestign. Given the ingestion of
carbohydrate has other potential benefits (e.gnpting an anabolic environment (23)) and
has not previously been associated with decrenepisrformance, the ingestion of

carbohydrate is still generally recommended foistaace training (7, 19).

More recently, studies have demonstrated thattzobgdrate mouth rinse at regular intervals
can stimulate central motor drive and reduce peeceexertion during exercise (4, 6).

Specifically, the presence of carbohydrate in tloeitim was shown to facilitate corticomotor



48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

output and increase maximal voluntary force (6)snovides an additional previously
unrecognised mechanism by which endogenous glunagemprove exercise performance.
Based on the current knowledge, we would anticigaesrgogenic effects of endogenous
glucose to occur either: (i) shortly following timgestion of glucose in response to
stimulation of glucose-sensitive receptors in thed oavity (6, 10); or (ii) when blood
glucose concentration peaks, thereby increasimad aotilability of glycolytic substrate (21)
and/or regulating muscle activity, specifically &lyering electrical properties of the muscle
membrane (5, 11) which is associated with increasadmum dynamic force (11). To our
knowledge no previous research has assessed charigese output following glucose
ingestion with respect to time. Since multiple pigd mechanisms explaining the ergogenic
role of glucose exists and time to peak blood géecmoncentration following ingestion of
glucose varies between individuals, it seems prutdeestablish whether force output may
alter as a function of time following glucose intall hus, the purpose of this study was to
determine whether the ingestion of glucose wascas®sal with greater force output during
maximal isokinetic contractions, and whether thialtered with time from ingestion. We
hypothesised that there would be a moderate, alggiificant increase in force output in
response to glucose ingestion, and this would adénwith peak blood glucose

concentration.
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METHODS
Experimental Approach to the Problem

Following the initial visit and familiarisation s&en, the experimental trials were completed
using a cross-over, double blind experimental aesfdlocation to treatment (CHO or PL)
occurred by assigning de-identified participante®odo a computer generated randomized
number list (consisting of 1's and 2’s; counterbakd) by an individual not involved in the
testing session (TJF). Participants were instruttecbnsume their regular diet on each day
prior to participation and to avoid physical adiviAll testing was conducted in the morning
(0700-1000 hr) following an overnight fast (>12 h®gjuand was kept consistent between

trials.

Subjects

Participants (11 males, 6 females; Height: 17581+cm; Weight: 69.5 + 9.6kg) were young
(22.1 + 3.9 years), lean (BMI: 22.5 4 2.0 kifn%BF: 14.3 + 8.0) and recreationally active
(>150min/week of physical activity). All participtanhad resistance training experience in the
prior 6 months and were free from illness at tmeetiof testing. The exclusion criteria for
study participation were: Existing diabetes medlit(ilype 1 or 2); Pregnancy; BMI>30;
medications known to alter glucose concentratioryi®us or current injuries and conditions
which may be exacerbated as a result of studyggaation (assessed via the Exercise and
Sports Science Associatidire-Exercise Screening Tool). Participants were recruited to this
study through local advertisement. All aspectdefdtudy were approved by the University’s
Human Research Ethics Committee in accordance Ndkional Statement on Ethical

Conduct in Human Research, 2007.
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Procedures

At least three days prior to the first testing smssparticipants attended a familiarization
session which also included collection of anthroptiio data including height, weight and
percentage of body fat (%BF; 3-site skinfold meth@d)). For the familiarization,
participants were then fitted to the isokinetic aymometer (HUMAC NORM, CSMi) in
accordance to manufacturer instructions and provideme practice trials>% sets of
3repetitions, withr2 sets at maximum effort) using the participantergeived dominant leg.
The back rest was adjusted to create a hip joigteaof 100 degrees from flexion and all
trials were performed at a knee angle speed o0fs86°s The range of motion was set at 10
degrees from anatomical extension to 100 degrema fanatomical extension while the
contralateral limb was secured at 90 degrees. Tlsetings were recorded and kept

consistent between trials.

Bipolar adhesive surface electrodes (Ag-AgCl, DuodE, Kent, WA, USA) were placed
over the muscle bellies of the Vastus Medialis ®adtus Lateralis for assessment of motor
recruitment using surface EMG TelemyoDTS (Norax®optsdale, AZ, USA). Participants
then completed a standardised warm-up (2 setsrep@&titions at 50% and 75% maximum
effort); all repetitions during the warm-up and seguent trials were performed at 60°+sec
A finger-stick blood sample was then taken for asseent of blood glucose (Accu-Chek
glucometer) concentration. All measures were paréal in duplicate; where these values
differed by more than 20% a third sample was talarticipants then performed a 3RM
followed by ingestion of either the PL or CHO drinkhe CHO drink consisted of 75g

glucose (Glucodin powder) dissolved in 280ml of evand 20ml of a green-coloured
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artificially sweetened (predominantly sucraloseJ«kmi* undiluted solution) cordial. The
PL drink consisted of 260ml of water and 40ml oé teame green-coloured artificially
sweetened cordial. The drinks were prepared byndividual not directly involved in the
data collection, with those conducting data coiectremaining naive to the condition. The
drinks were provided in non-transparent drinkingtamers and participants asked to ingest
the solution in 2min. Blood glucose, EMG and isekia force were then recorded at 5-min,
15-min, 30-min, 45-min-60-min, 75-min and 90-miwrfr ingestion of the solution. Blood
glucose was consistently recorded 1-min prior toftrce and EMG recordings. Participants
were then asked to recall their dietary intake dhg prior to the first testing session (24 h

recall) and asked to replicate this diet on thegl@geding the next testing session.

After seven days, participants then returned toléheratory and performed the identical
study protocol with the exception of ingestion #liernative drink (CHO or PL). Compliance
to a similar diet and restriction of physical atgivfor the 24 hour period preceding the

testing was determined through verbal report framigpants.

Force was calculated in two ways; (i) as the maxmyueak-force attained during the 3
repetitions (MaxPeak); and (ii) the average foramlpced during the single repetition which
resulted in the greatest peak-force (MeanRep).raneEMG signal was processed using a
custom MATLAB (The Mathworks, USA). Initially theignal was band pass filtered using a
4™ order Butterworth filter at 20 and 500Hz. Subs=ly the signal was full wave rectified
and a linear envelope created using a 6Hz low #8ssder Butterworth filter. Finally the
data was normalised to the maximum EMG recordedhen baseline trial. The mean

normalised EMG was then calculated for each of dbecentric phases of the isokinetic
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exercise. Finally these values were average toigeoas estimate of the muscle activation

across the three phases.

Statistical Analysis

Data are presented as means + SD unless otherotsa. 7 reatment effects were estimated
using separate, random-intercept linear mixed nsoieleach outcome variable (glucose
concentration; force output; EMG data). Conditi@tQ, PLA) and time (pre, 0, 5, 15, 30,
45, 60, 75, 90 min) were modelled as fixed effetle hypothesis of interest was the
condition by time interaction which we examinedmwpairwise comparisons of the estimated
marginal means. To explore whether MaxPeak or MeprfBrce output was different at
either the 5-min or at the time-point correspondimg@eak glucose concentration, separate
repeated measures (Time: pre, 5min; Time: pregfatgpeak glucose concentration)
ANOVA'’s were conducted. The glycaemic excursion walsulated as the absolute
difference between peak glucose concentration laaélbod glucose concentration measured
at baseline. Effect size (Cohenfscalculations were performed to assess the matgidl
difference within experimental trialgl € 0.2, small; 0.5 - 0.79, moderatef.8, strong). All
data analysis was performed using IBM SPSS packegge1). Significance was set at

0<0.05.



156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

RESULTS

Ingestion of glucose resulted in a rapid and sigaiit increase in blood glucose
concentration, which remained significant until tmenpletion of the 90 min testing period
(Figure 1). The mean glycaemic excursion in respaoglucose ingestion was 4.01 +1.18
mmol/L (95% CI pre-glucose [4.83 — 5.25]; 95% Cakalucose [8.51 — 9.59]) indicating a
very strong effectd; 5.03) of ingestion on blood glucose. The tim@&ak glucose
concentration varied between participants, ranfioign 30 to 60 min (30 min: n=11; 45 min:

n=5; 60 min: n=1) following the ingestion of glueos

There were no significant differences in force whempared as either MaxPeak (p=0.567)
or MeanRep (p=0.843). When force output was adjuisterespective baseline values there
was no significant interaction, but a significardimeffect of condition (Figure 2). The force
data corresponding to the glucose condition wasetdd and explored further using
univariate analysis (Figure 3). There was no ddifee in either the MaxPeak (p=0.252;
d=0.076) or the MeanRep (p=0.21/+0.095) 5-min following ingestion of glucose.
Likewise, there were no differences in MaxPeak (B30;d =0.084) or MeanRep (p=0.703;
d=0.037) when the time-point corresponding to th&imam glucose concentration was

compared to baseline force data.

In agreement with the force data, there were noifeegnt differences in the EMG data
corresponding to either the MaxPeak or MeanRefh(pp0.955), although there was a
significant main effect of condition (Figure 2). Nmnificant differences were observed

when the EMG was expressed relative to the for¢eubwluring MeanRep (p=0.948).
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DISCUSSION

The purpose of this study was to determine whetreemgestion of glucose would enhance
force output during maximal isokinetic contractipasd whether this would occur in a time-
dependent manner. The main finding of this study that ingestion of carbohydrate
provided no clear benefits to force output duringsokinetic 3RM performance, despite a
significant increase in blood glucose concentratindeed, when assessing the effect of
condition on force output (Figure 2), participap&formed better during placebo than
glucose ingestion; which may be explained by asligcrease in force output over time
during the placebo condition, while force outpuglsily declined over time during the
glucose condition. Similar changes were observedarEMG (Figure 2) and as a

consequence, there was no difference.in the Fa®:Eatio response to glucose ingestion.

While the findings of the current study are contrar the stated hypothesis, closer inspection
of the available literature casts some light orséhendings. The studies by Wax et al. (27,
28) which demonstrated significant improvementgarformance with carbohydrate
consumption during a time to exhaustion task useeradifferent protocol to the one
adopted in the current study. Their protocol cdesi®f repeated 20 sec isometric
contractions at 50% MVC followed by 40 sec of nastil exhaustion. As a consequence, the
average exercise duration was 16.0 = 8.1 min arf@l293.1 min during the placebo and
carbohydrate trials respectively (27); demonstgaéirvery large effect of the carbohydrate
ingestion (=1.2). Another study investigating the role of adrdrate ingestion during a

time to fatigue task found no significant differencarbohydrate vs. placebo) in either the

number of successful sets (3.5 + 3.2 vs. 3.5 £ Pepptitions (20.4 £ 14.9 vs. 19.7 + 13.1), or
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total work (29.9 = 22.3 kJ vs. 28.6 + 19.5 kJ) parfed in the squat exercise (5 repetitions
per set) at an intensity of 85% 1RM (12). Possa@xlanations for the differences observed
between the studies of Wax et al. (27, 28) andkeilial. (12) may stem from the type of
muscular contractions adopted. In particular, isoimeontractions at 50% of MVC are
expected to partially occlude blood supply (2) #metefore increase the reliance on
anaerobic metabolism, specifically via glycoly#s. such, glucose availability may have
become a limiting factor to performance in the gtaiwax et al. Additionally, participants
in the study of Kulik et al ingested the carbohyesupplement immediately preceding the
exercise and then every other successful set a@itsgwhile in the study of Wax et al.
participants ingested the carbohydrate every 6durmg exercise. Whether the timing of
carbohydrate ingestion may have contributed taltfierences observed between studies, or
whether altering the timing or pattern of ingest{pa. minimum of 15 min pre-exercise to
ensure endogenous glucose appearance in bloogkmetd results within studies, has not

previously been investigated and is therefore unkno

To examine whether a time-dependent change in fart@ut in response to glucose
ingestion occurs, we assessed force output at Jpostrglucose ingestion and at the time-
point corresponding with peak glucose concentrafldre 5-min post glucose ingestion time-
point was based on a study demonstrating incream#idomotor excitability and maximal
voluntary force with the presence of carbohydratihe mouth (6). This research builds on
previous work demonstrating reduced perceived exeand improved exercise performance
(3, 10, 18, 20) in endurance events when carbokgdtgpically in the form of glucose or
maltodextrin) was rinsed in the mouth. In conttastur hypothesis, we observed no
difference in maximal voluntary force at 5-min pghicose ingestion, despite the liberal

statistical approach (within-condition univariateayysis). Indeed, the calculated effects

10
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(d<0.1 for all) were interpreted as small within tmntext of the current study design. This
finding being similar to what was observed by Pliie¢ al. (16), where no differences in 1-
RM was observed after a carbohydrate mouth ringewise, in contrast to our a priori
hypothesis, there were no differences in any fpar@ameters measured at the time-point

corresponding to the maximum glucose concentrgfayure 3).

The rationale for inclusion of EMG in the curretudy relates to the potential mechanisms
for the expected increase in performance with gledngestion. Research on the ergogenic
effects of glucose during a range of exercise tagk®e now extended beyond simply acting
as an energy substrate. Indeed, a number of stndwesuggest that glucose may alter the
electrical properties of the muscle fibre membréne 1, 22) and that this is independent of
entry into the glycolytic pathway. Based on thes®/jous findings, the authors of the current
study speculated that the Force:EMG ratio wouldltered at the time-point corresponding
with peak-glucose concentration. However, thereevwer changes in the EMG either when

assessed in isolation (Figure 2) or as a ratioo&MG ratio).

Previous research identified improved performanaénd isometric time to exhaustion tasks
with glucose supplementation (27, 28), although Hanefit of glucose did not translate to
improved performance during dynamic contractior®y.(Moreover, exercise-induced
glycogen depletion of muscle fibres has been agtstiwith a decrement in maximal
muscular strength during a single dynamic contoac{®). Here, we sought to determine
whether previous inconsistencies in findings aresalt of a time-dependent effect of glucose
supplementation; with a potential benefit of gluzoslly occurring at the corresponding peak

in blood glucose concentration. Results in theenirstudy however, have demonstrated no

11
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benefit for carbohydrate ingestion during perforeeof maximal force efforts. This is likely
due to an adequate supply of additional energabstsates (e.g. muscle glycogen, ATP/PC)
to meet the energetic demands of a maximal ethod,the other proposed ergogenic
mechanisms of glucose supplementation not playsigraficant role during this type of

task. This is the first study, to the authors’ kilexdge, to examine maximal force output in
response to glucose ingestion over time. Whilectiveent study adopted an isokinetic testing
protocol to appropriately address the study’s athms findings from this study are expected
to be transferable to other modes of strengthitrgiand testing; although this may be the

focus of future studies.

PRACTICAL APPLICATIONS

There is limited research assessing the role afogle supplementation on maximal force
output. Although some research supports the ingesii glucose prior to resistance-based
exercise, these studies have typically focussedetaying the onset of fatigue during
sustained submaximal efforts, as opposed to enfgumeaximal voluntary force capacity.
The results of this current study clearly demornstthat ingestion of glucose does not
improve performance of maximal voluntary force dgrisokinetic leg extensions. In
addition, the results of the current study demastthat force output did not change at any
time-point after glucose ingestion, despite a $igant increase in blood glucose
concentration. The ingestion of glucose is theeefat expected to provide any immediate

performance benefits to resistance-based exereisgng.

12



274  Acknowledgments

275  The authors would like to acknowledge the workhaf tindergraduate research team (D.
276  Bates, S.B. Baldock, T. Burton, X. Hand, J.A. Hdflerth, M.E. Noakes, M. Vibert) who
277  helped in the data collection. TJF is in receipa dficCusker Charitable grant which helped

278  defray the costs of the study and publication.

13



279

280

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

References

1.

10.

11.

12.

13.

14.

15.

16.

Ball TC, Headley SA, Vanderburgh PM, and Smf@h Beriodic carbohydrate
replacement during 50 min of high-intensity cyclingproves subsequent sprint
performancelnt J Sport Nutr 5: 151-158, 1995.

Barnes WS. The relationship between maximum étomstrength and intramuscular
circulatory occlusionErgonomics 23: 351-357, 1980.

Carter JM, Jeukendrup AE, and Jones DA. Theeffiecarbohydrate mouth rinse on
1-h cycle time trial performanc®led Sci Sports Exerc 36: 2107-2111, 2004.
Chambers ES, Bridge MW, and Jones DA. Carbolgdensing in the human
mouth: effects on exercise performance and brdiaigc J Physiol 587: 1779-1794,
2009.

Diez-Sampedro A, Hirayama BA, Osswald C, Goreoi, Baumgarten K, Volk C,
Wright EM, and Koepsell H. A glucose sensor hidimg family of transporters.
Proceedings of the National Academy of Sciences of the United States of America

100: 11753-11758, 2003.

Gant N, Stinear CM, and Byblow WD. Carbohydiatthe mouth immediately
facilitates motor outpuBrain Res 1350: 151-158, 2010.

Haff GG, Lehmkuhl MJ, McCoy LB, and Stone MH.r@@hydrate supplementation
and resistance training.Srength Cond Res 17: 187-196, 2003.

Haff GG, Stone MH, Warren BJ, Keith R, Johnsan Rieman DC, Williams F, and
Kirksey KB. The effect of carbohydrate supplemeantabn multiple sessions and
bouts of resistance exercigestrength Cond Res 13: 111-117, 1999.

Jacobs |, Kaiser P, and Tesch P. Muscle stremgttfatigue after selective glycogen
depletion in human skeletal muscle fibdtsr J Appl Physiol Occup Physiol 46: 47-
53, 1981.

Jeukendrup AE and Chambers ES. Oral carboleydeaising and exercise
performanceCurr Opin Clin Nutr Metab Care 13: 447-451, 2010.

Karelis AD, Peronnet F, and Gardiner PF. Gladofusion attenuates muscle fatigue
in rat plantaris muscle during prolonged indirdggonhslation in situ.Experimental
physiology 87: 585-592, 2002.

Kulik JR, Touchberry CD, Kawamori N, Blumert P@rum AJ, and Haff GG.
Supplemental Carbohydrate Ingestion Does Not Impferformance of High-
Intensity Resistance ExerciseStrength Cond Res 22: 1101-1107, 2008.

Lee JD, Sterrett LE, Guth LM, Konopka AR, andhidn AD. The effect of pre-
exercise carbohydrate supplementation on anaeeskicise performance in
adolescent male®ediatr Exerc Sci 23: 344-354, 2011.

Mitchell JB, DiLauro PC, Pizza FX, and CavenDé&r The effect of preexercise
carbohydrate status on resistance exercise penfmariat J Soort Nutr Exerc Metab
7:185-196, 1997.

Neufer PD, Costill DL, Flynn MG, Kirwan JP, Mitell JB, and Houmard J.
Improvements in exercise performance: effects diaaydrate feedings and digt.
Appl Physiol 62: 983-988, 1987.

Painelli VS, Roschel H, Gualano B, Del-Faver@é&natti FB, Ugrinowitsch C,
Tricoli V, and Lancha AH, Jr. The effect of carbdngte mouth rinse on maximal
strength and strength enduranger J Appl Physiol 111: 2381-2386, 2011.

14



325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362

363

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Pollock M and Wilmore Exercise in Health and Disease: Evaluation and
Prescription for Prevention and Rehabilitation. Philadelphia, PA: W.B. Saunders,
1990.

Pottier A, Bouckaert J, Gilis W, Roels T, aneréve W. Mouth rinse but not
ingestion of a carbohydrate solution improves Mtiectime trial performance.
Scandinavian journal of medicine & science in sports 20: 105-111, 2010.

Rodriguez NR, Di Marco NM, and Langley S. Arcari College of Sports Medicine
position stand. Nutrition and athletic performanded Sci Sports Exerc 41: 709-731.
doi: 710.1249/MSS.1240b1013e31890eb31886., 2009.

Rollo I, Cole M, Miller R, and Williams C. Infence of Mouth Rinsing a
Carbohydrate Solution on 1-h Running Performail Sci Sports Exerc 42: 798-
804, 2010.

Smith JW, Zachwieja JJ, Peronnet F, Passe DddsMotte D, Lavoie C, and Pascoe
DD. Fuel selection and cycling endurance perforraamith ingestion of
[13C]glucose: evidence for a carbohydrate doseorespJ Appl Physiol 108: 1520-
1529, 2010.

Stewart RD, Duhamel TA, Foley KP, Ouyang J,tBi@, and Green HJ. Protection
of muscle membrane excitability during prolongedleyexercise with glucose
supplementation] Appl Physiol 103: 331-339, 2007.

Thyfault JP, Carper MJ, Richmond SR, Hulver Maligd Potteiger JA. Effects of
liquid carbohydrate ingestion on markers of anapolfollowing high-intensity
resistance exercisé@ Srength Cond Res18: 174-179., 2004.

Utter AC, Kang J, Nieman DC, Brown VA, Dumke ,@llcAnulty SR, and McAnulty
LS. Carbohydrate supplementation and perceivediereaturing resistance exercise.
J Srength Cond Res 19: 939-943, 2005.

Van Zant RS, Conway JM, and Seale JL. A moderatbohydrate and fat diet does
not impair strength performance in moderately gdimalesThe Journal of sports
medicine and physical fitness 42: 31-37, 2002.

Vandenbogaerde TJ and Hopkins WG. Effects ateacarbohydrate supplementation
on endurance performance: a meta-anal@parts Med 41: 773-792, 2011.

Wax B, Brown SP, Webb HE, and Kavazis AN. Bfeaf carbohydrate
supplementation on force output and time to exl@usturing static leg contractions
superimposed with electromyostimulatidr&trength Cond Res 26: 1717-1723, 2012.
Wax B, Kavazis AN, and Brown SP. Effects of@emental carbohydrate ingestion
during superimposed electromyostimulation exeritisgdite weightlifters.J Srength
Cond Res 27: 3084-3090, 2013.

Wilber RL and Moffatt RJ. Influence of Carbolngté Ingestion on Blood-Glucose
and Performance in Runnelst J Sport Nutr 2: 317-327, 1992.

15



364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

Figures

Figure 1 Mean blood glucose response to ingestion of glugmsen circles) or placebo
(closed circles) over time. Error bars represefit @3. represents significant difference
from O min;represents significant difference from 5 nfirepresents significant difference

from 15 min; *represents significant differencevee¢n conditions.

Figure 2 Percent of initial MeanRep Force (top left panekl #axPeak Force (bottom left
panel); where initial represents the pre-drink sige (0 min).Percent of initial MeanRep

EMG (top right panel) and MaxPeak EMG (bottom righnhel). Error bars represent 95% CI.

Figure 3 Individual (thin lines) and mean (bold line) foraetput recorded prior to ingestion
of the drink (pre) and 5-min post-ingestion (tomgia), and the corresponding force output
when peak blood glucose concentration occurredgiig@anels; time from ingestion varied)).
MaxPeak force is presented in the two left panvelsle MeanRep force is presented in the

two right panels.
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