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One Hour Cycling Performance Is Not Affected
By Ingested Fluid Volume

Karianne Backx, Ken A. van Someren,
and Garry S. Palmer

This study investigated the effect of differing fluid volumes consumed during
exercise, oncycletime-trial (TT) performance conducted under thermoneutral
conditions (20 °C, 70% RH). Ten minutesafter consuming abolusof 6 ml - kg
body mass (BM) of a6.4% CHO solution and immediately following awarm-
up, 8 mae cyclists undertook a 1-h self-paced TT on 4 separate occasions.
During a“familiarization” trial, subjects were given three 5-min periods (15—
20 min, 30-35 min, and 45-50 min) to consume fluid ad libitum. Thereafter
subjects undertook, in random order, trials consuming high (HF), moderate
(MF), or low fluid (LF) volumes, where 300, 150, and 40 ml of fluid were
consumed at 15, 30, and 45 min of eachtrial, respectively, andtotal CHOintake
was maintained at 57.6 g. During exercise, power output and heart rate were
monitored continuously, whil st stomach fullnesswasrated every 10 min. Addi-
tionally, BM lossand BM loss corrected for fluid intake was cal culated during
eachtrial. At 40, 50, and 60 min differencesin ratings of stomach fullnesswere
found between trials (LF vs. HF and MF vs. HF). There were however no
differences in performance or physiologica variables (heart rate or BM 10ss)
between trials. These results indicate that when a pre-exercise CHO bolusis
consumed, thereisno effect of subsequent consumption of different fluid vol-
umeswhentrained cyclistsundertakeal-h performancetask inathermoneutral
environment.
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Introduction

Over the past 10 years, many authors (6, 9, 11, 13, 16, 17) have investigated the
effects of different fluid and carbohydrate (CHO) ingestion strategies on high-
intensity (>80% peak oxygen uptake [VO, 1), moderate duration (~60 min) cy-
cling performance. The results of these trial s cause considerable confusion to both
the sports scientist and the athlete in determining the optimal CHO/fluid replace-
ment strategy for performanceinal-hcycletimetrial.
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Theinvestigation undertaken by Walsh et a. (17) compared the effects of a
fluid-electrolyte beverage (400 ml bolus, and 120 ml every 10 min of thetrial) with
no fluid intake on a 1-hour task undertaken in the heat (32 °C, 60% rel ative humid-
ity; RH), showing significant improvements in performance with fluid ingestion.
Below et al. (6) undertook a similar trial comparing the effect of high versus low
fluid (1330 vs. 200 ml) and high versusno CHO (79 + 4 vs. 0 g) inthe heat (31 °C,
54% RH), indicating that the beverage containing both high fluid and CHO im-
proved performancemost. However, at such hightemperatures, theathl etes' perfor-
manceinal-htask issignificantly impaired (3) and, asaresult, these findings may
not relate to performancein thermoneutral conditions. Thetype of exercise perfor-
mance measured in the study by Below et al. (6; 50 min of constant work rate
ergometry at 80% VO, _ followed by aperformance test) might not be relevant to
competitive sport.

Further, studies conducted under thermoneutral conditions do not clearly
identify the optimal fluid/CHO ingestion strategies for 1-h cycle performance.
McConell et a. (13) and Robinson et a. (16) have both compared the effects of
water ingestion, providing conflicting results. In the study by Robinson et al. (16),
subjects received either no fluid, or attempted to replace their approximate sweat
loss(1.7L) by drinking flavored water. Cyclistsdrank 8 ml - kg™ body mass(BM) at
thestart of thewarm-up andtherest of thewater infiveequal aliquotsat 0, 10, 20, 30,
and40 mininthe 1-hour performanceride. McConell et al . (13) compared nofluidto
fluid replacement equal to 100% of sweat loss or fluid replacement equal to 50% of
sweat loss. Fluid (water at room temperature) wasingested in four equal aliquots, at
0, 15, 30, and 43 min of exercise. Whilst small BM losses (1-2% BM) have been
reported to be detrimental to performance (2), Robinson et al. (16) actually found
that alarge fluid ingestion (to match 85% sweat [0ss) impaired 1-h timetrial (TT)
performance in endurance-trained cyclists. McConell et al. (13) showed no differ-
encesin performance outcome between replacement of 50 and 100% of sweat |0ss
whenwell-trained men cycled for 45 min at 80%V02peekfollowed by al5min“all-
out” performance ride. Additionally, CHO ingestion has been shown to increase
performance when compared to water alone (9). Despite adrop in BM of ~2.7%
(sweat lossequivalent to 1850 ml), and no fluid ingestion during exercise, El-Sayed
et a. (9) showed that a pre-trial CHO bolus (4.5 g - kg™ BM of 8% CHO) would
significantly improve distance cycled in 1 hour. Similarly, a CHO beverage con-
sumed both before and during cycling (11) has been shown to improve 1-h TT
performance. Unfortunately, due to the conflicting beverages, drinking regimens,
and environmental conditionsused, these studiesfail to indicate the most appropri-
ate volume of a CHO solution for 1-h cycling TT performance in thermoneutral
conditions.

Further to these laboratory-based investigations, Backx et al. (4) have re-
cently reported that 96% of cyclists participating in one of two 40 km TT (~1 h)
competitionsthat were held in moderate conditions (19 °C, 48% RH or 16 °C, 64%
RH) actually chose not to drink during competition, whilst only 57% of the partici-
pants actually consumed a pre-event bolus. This would appear to conflict with
current recommendations (2).

Therefore, theaim of thisinvestigation wasto clarify the benefits of consum-
ing different volumesof fluid, with anidentical CHO content ingested during al-h
TT performance of trained cyclists conducted under thermoneutral conditions.
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Methods
Subjects

Eight trained, male cyclistsparticipated in thisinvestigation. Each had competedin
cyclingtimetrialsfor at least thethreepreviousseasonsand was capabl e of compl et-
inga25-mile(~40-km) cyclingtimetrial inlessthan 55min. Additionally, for the 6-
week period preceding theinvestigation, subjects had been training for aminimum
of 8haweek, and competing at |east onceevery 2weeks. Prior to participationinthe
study, whichwasapproved by the University Ethics Committee, athleteswerefully
informed of the natureand possiblerisksof theexperiment, and gavetheir informed
written consent to participate, in accordance with the guidelines of the American
College of SportsMedicine (1).

Preliminary Testing

All subjectswere assessed for body composition and required to perform aprogres-
sive maximal incremental test on a Kingcycle ergometer (Kingcycle Ltd., High
Wycombe, Bucks, UK) before participation in the experimental trials. On arrival at
the laboratory, subjects were required to void, and BM and height were then mea-
sured to determine subject characteristics. Their mean + SD age, BM, and height
were 29 + 7 years, 76.6 + 6.8 kg, and 182 + 4 cm. Their mean + SD peak oxygen
uptake (V 0, ) Peak power output (PPO), and peak heart rate (H R, ) Were63.6
6.1ml -kg?-min™, 441+ 27 W, and 183 + 10 beats - min=.

The subject’ sbicyclewas placed on the Kingcycle ergometer, and following
calibration of the ergometer according to themanufacturer’ sinstructions, and a10—
15-minwarm-up at aself-sel ected intensity, theincremental test wascommenced at
aworkload of 3.3W -kg*BM. Thiswasincreased continuously by 1 W every 3s(20
W -min™), until the subjectscould nolonger maintain the desired workload, despite
being offered strong verbal encouragement by thesameinvestigator. Theincremen-
tal test wasconducted in anenvironmental chamber at an ambient temperature of 20
°Cand 70% RH. TheKingcyclewasplaced inthe center of thechamber, whichwas
2m?. Freshair entered the chamber continuously viaaduct (0.5 X 1 m), directed at the
cyclist,intheceiling of thechamber. Additionally afan, directed away fromthesubject,
was used to circulate air within the chamber at arate of approximately 0.33m - s,

During the incremental test, expired air was continually measured and re-
corded using an online breath-by-breath gas analysis system (Oxycon Alpha, Jae-
ger, Germany). Thiswas used to determine peak oxygen uptake, which wasdefined
asthe highest average oxygen uptake (VO,) for a60-speriod. Similarly, power was
continually measured, and the peak power output was determined by the Kingcycle
software as the highest average power output for a 60-s duration. Heart rate (HR)
was recorded at 5-sintervals throughout exercise using a Polar Vantage heart rate
monitor (Polar Electro Oy, Finland), and the peak heart rate wastaken asthe highest
recorded average over a60-speriod.

Experimental Testing

Athletescompleted four 1-hour self-paced TT ontheKingcycleergometer inwhich
they wereinstructedto cover asmuch distanceaspossibleduringthe 1-hperiod. The
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Kingcycle ergometer, which continuously monitors distance covered and power
output of therider, has previously been found to be avalid and reliable method of
assessing laboratory based 40-km (~1 h) TT performance and hasbeen describedin
detail by Palmer et al. (14). For the ease of tabulation of data, 1-h TT were used,
opposed to abest timefor aset distance.

In order to provide and control optimal environmental conditionsfor perfor-
mance, timetrialswere performed in an environmental chamber at an ambient dry
bulb temperature of 20 °C, and at aRH of 70% (3). A fan, directed away from the
subject, wasused to circul ate air within the chamber at arate of approximately 0.33
m - s, It must be noted that convective cooling does not simulate what happens
when cyclists compete out of doors and are exposed to air movement of 40 km - h?
and higher. Subjectsundertook all timetrialswearing shortsonly.

Onarrival at thelaboratory subjectswererequired to void, and nude BM was
measured to the nearest 0.1 kg on a Seca platform scale (Seca L td., Birmingham,
UK). Subjectsthen entered the environmental chamber, their bicyclewasplaced on
the ergometer, and the standard calibration procedure was undertaken. Following
calibration, subjects dismounted and sat in the environmental chamber for aperiod
of 5 min, whilst a bolus solution (6 ml - kg* BM; Lucozade Sport, SmithKline
Beecham) containing 6.4 g of CHO and 0.05 g sodium per 100 ml was consumed.
After consumption of the bolus, subjects remounted their cycle and commenced a
standardized 5-minwarm-up at 150 W, after whichthe TT wasstarted immediately.

Duringtherides, theonly feedback givento thesubjectswastheelapsedtime.
Distancecovered and peak power wasrecorded continuously and averaged every 60
s. HRratewasrecorded every 5 sviaashort wavetelemetry device (Polar Vantage,
Polar Electro Oy, Finland), and averaged every 60 s. Additionally, subjects were
asked to rate stomach discomfort on a scale of 1 (empty) to 5 (uncomfortably
bloated; 15) every 10 min during thetrial. Fiveminutesafter completion of thetrial,
subjectstowel dried, wereasked tovoid, and nude BM wasmeasured. No metabolic
data was collected during the rides, as such interference would compromise the
cyclist’s performance, and the amount of interference for each trial would be diffi-
cult to control.

Fluid Replacement Strategies

The first 1-h TT (FAM) was used to familiarize subjects with the experimental
procedure. Duringthisride, anadlibitum drinking procedurewasfollowed. Specifi-
cally, subjectsweregiven a500-ml beverage (L ucozade Sport) at 15, 30, and45min
into the time trial, a 5-min period was allowed for drinking, and the consumed
volumewasrecorded. Themean + SD volumedrunk in FAM was 686 + 448 ml.

During the other experimental trial's, subjectsundertook the following drink-
ing strategiesinrandom order: High Fluid (HF), Moderate Fluid (MF), or Low Fluid
(LF), consumingatotal of 900 ml, 450 ml, and 120 ml during eachtrial, respectively.
Volumesweredividedintothreeequal amountsconsumedat 15, 30, and45mininto
eachtrial. Excluding thepretrial bolus, subjectsconsumed atotal of 57.6gCHOand
0.45 g sodium during all rides. As Lucozade Sport was used as the “base fluid”,
additional amounts of maltodextrin and sodium citrate were added to maintain the
same CHO and sodium intake during each ride. (Drink compositions are givenin
Tablel)

Each experimental trial wasperformed 7to 10 daysapart and at the sametime
of day. In order to maintain experimental control, athleteswere required to refrain



Fluid Ingestion During Cycling Time Trials / 337

Table 1 Beverage Composition for Familiarization, High Fluid, Moderate
Fluid, and Low Fluid Trials

Added Added
malto- sodium CHO Sodium
Fluid dextrin citrate content  content  Osmolality

Tria intake (g -100ml) (g-2100 mi-?) (%) (%)  (mOsm - kg™
FAM 3 X Adlib* 0 0 6.4 0.05 280
HF 3 X 300 ml 0 0 6.4 0.05 280
MF 3 X 150 ml 6.667 0.2128 12.8 0.1 390
LF 3 X 40ml 43.34 1.3832 48 0.375 780

*Total (mean £ D) fluid intake during ad lib trial was 686 + 448 ml. FAM: familiarization,
HF: high fluid, MF: moderate fluid, LF: low fluid, CHO: carbohydrates.

fromany strenuous exerciseinthe 24 h preceding the experimental trials, to abstain
fromal cohol during thisperiod, and to maintain the sametraining regimeduring the
72 h preceding the trials. Additionally, prior to the first experimental trial, each
individual was required to record his or her physical activity for 24 h and dietary
intakefor 72 h, whichwasthen repeated prior to subsequent trial s. Subjectshad their
last meal/snack 3hbeforearrival at thelaboratory. Subject compliancewasverbally
confirmed upon arrival at the laboratory before each experimental trial.

Data Analysis

Datawas analyzed using Prism 3.0 software (GraphPad Software Inc., San Diego,
CA,USA). Differencesin mean power, distance, fluid intake, and BM lossbetween
trialswere analyzed for statistical significancewith aone-way analysis of variance
(ANOVA); differencesinHR wereanalyzed using atwo-way ANOV A for repeated
measures. When resultswere significant, aTukey’ spost hoc test wasused to locate
significant differences. Differences in stomach discomfort were analyzed using a
Kruska-Wallis ANOVA, Mann-Whitney U tests were used to locate the differ-
ences. A significancelevel of p <.05wasestablished prior to all analyses.

Results

Figure Llillustratesthe average performance for each trial condition, no significant
differencesindistance achieved werefound. Theaverage performancefor theFAM
(43.24 + 2.29 km) and the LF (43.24 + 2.45 km) trials were the same, the distance
achieved in the MF and HF trials were 42.97 + 2.30 km and 43.06 + 2.09 km,
respectively. Similarly, mean power did not differ significantly betweentrials(FAM:
294+ 38W, LF: 295+ 42 W, MF: 290+ 39 W, and HF: 291 + 35 W). Power output
converted to percentage of PPO (% PPO; Figure 2) showsthat all trials were per-
formed between 61 and 74% of PPO. Figure 2 showsthe average HR and HR as a
percentage of HR (% HR__) for each 5-min period. Average HR did not differ

significantly between trials (Jle:afAM: 164 + 2 beats - min, LF: 166 + 3 beats - min™,
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Figurel— Average (£SD) distanceachieved duringthe 1-h timetrial.

MF: 160 £ 3 beats - min™, HF: 167 + 3 beats - min), and no significant differences
were found when the 5-min periods were compared.

Figure 3illustratesthetotal fluidintake (including bolus) and BM lossduring
thetrials. A significant differencein BM losswasfound betweentrials (F =5.455, p
<.01), withasignificantly greater lossin LF than FAM (p < .05), and HF (p <.01).
Significant differencesin BM loss corrected for ingested fluid were found between
trials(F =22.54,p<.0001); BM losscorrectedfor ingested fluid during FAM (1849
+ 511 ml) wassignificantly lower when comparedto LF (1884 £ 413 ml), MF (1964
+440ml),and HF (1926 + 326 ml, p<.001; Table?2). Table2 also showsfluidintake
was significantly lower during LF than FAM (p<.001), MF (p <.05), and HF (p <
.001), but there was no significant differencein fluid intake between FAM and MF
or HF. Fluidintakewas significantly higher during HFthan MF (p < .01). The order
inwhichtrialswereperformed did not influencetheBM loss. Thepercentageof BM
lossreplaced by fluid intakeisshownin Table 2, ranging between 33 and 74% during
thevarioustrials. BM loss corrected for ingested fluid was significantly greater in HF
and FAM comparedto LF (p <.001) and in HF comparedto MF (p < .01).

Subjects complained of nausea and stomach discomfort during the HF trial
(Table3). Ratingsof abdominal fullnessweresignificantly different betweenthelLF
and HF and the MF and HF trials (p < .05). Follow up tests showed a significantly
lower rating of stomach fullnessin LF than HF at 40, 50, and 60 min (p < .05), and
significantly lower ratingsin MF and HF at 40, 50 (p < .05), and 60 min (p <.01).

Discussion

Thefirst major finding of thisinvestigation wasthat no differencesin performance
(distance covered or mean peak power) were found between trials. This opposes
findings by Below et al. (6), who found an increase in performance with fluid
ingestion and improved performance with fluid and CHO replacement. Thisinves-
tigation undertaken by Below et al. (6) was, however, undertakenintheheat (31 °C,
54% RH, 3.5 m - s* wind speed), which has been shown to significantly impair
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Table 2 Total Fluid Intake and Body Mass Loss (Mean + SD) During Trials

BM loss
BM loss replaced by
Tota fluid corrected for fluid intake
Tria intake (ml) fluid intake (ml) BM loss (9) (%)
FAM 1174 + 441 1849 + 511" 675 + 520™ 65 + 21"
HF 1389 + 531 1926 + 326 538 + 297" 74 111
MF 935 + 53” 1964 + 440 1025 + 403 50 + 10
LF 609 + 53 1884 + 413 1275 + 369 33+5

Note. FAM: familiarization, HF: high fluid, MF: moderate fluid, LF: low fluid, BM: body
mass. " Significantly different from LF, p <.001; “"significantly different from LF, p <.05;
“significantly different from LF, p < .01; *significantly different from MF, p < .001;
Tsignificantly different to MF, p < .01; Ssignificantly different from HF, p <.001

Table 3 Ratings of Abdominal Fullness (Mean + SD), Ranked From 1 (No
Discomfort) to 5 (Extreme Discomfort)

TT Omin 10 min 20 min 30 min 40 min 50 min 60 min
FAM 29+05 25+05 29+09 26+12 29+07 29+09 26+1.1
LF 33+07 28+05 28+09 26+09 26+09" 26+09" 24+09"
MF 31+06 29+04 28+07 24+07 24+09° 24+11" 20x09
HF 32+05 29+06 35+11 33+10 38%x09 40+09 38+1.0

Note. FAM: familiarization, HF: high fluid, MF: moderate fluid, LF: low fluid. " Signifi-
cantly different from HF, p < .05; "significantly different from HF, p < .01.

performance in a 1-h task (3) and, as a result, may not relate to performance in
thermoneutral conditions. It must be noted that the convective cooling used in the
study by Below et al. (6) doesnot simulatewhat happenswhen cyclistscompete out
of doors.

Theeffectsof water ingestioninthermoneutral conditionswere compared by
McConell etal. (13) and Robinsonet a. (16), providing conflicting results. Robinson
et al. (16) found that alarge fluid ingestion (to match 85% sweat |0ss) impaired
performance, whilst McConell et al. (13) showed no differences in performance
outcome with the replacement of 50 and 100% of sweat |oss. During our investiga-
tion, between 33 and 74% of sweat |oss was replaced, showing no differencesin
performance, whichissimilar tothefindingsof McConell et al. (13). CHOingestion
however hasbeen showntoincrease performancewhen compared towater. Despite
adrop in BM of ~2.7% (sweat loss equivalent to ~1850 ml), El-Sayed et al. (9)
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showedthat apre-trial CHObolus(4.5g - kg™ BM of 8% CHO) would significantly
improve distance cycled in 1 hour. Similar amounts of BM loss corrected for fluid
ingestion werefound during the current investigation (range: 1849+ 511 ml [FAM]
t0 1964 + 440 ml [MF]). Additionally, a CHO beverage consumed both before and
duringcycling(11) hasbeenshowntoimprove 1-h TT performanceinthermoneutral
conditions. It may therefore beassumed that whilst CHOingestionimproves1-hTT
performance, differing volumes of fluid ingestion during exercise has no effect on
performancein athermoneutral environment. Differing volumesof fluid ingestion
during exercise at higher environmental temperaturesor during rideslasting longer
than 1 hour might, however, increase performance.

No differencesin physiological responses were found between trials during
thisinvestigation. Thiscorrespondswithfindingsby Walshetal. (17), whofoundno
measurable differencesin HR when fluid intake was compared to no fluid intake.
Robinsonet al. (16) foundthat fluidintakedecreased themean averageHR from 166
to 157 beats - min (p < .0001) compared to no fluid intake.

Despitenodifferencesin performanceor physiological responses, therewere
significant differences in rating in stomach discomfort, sweat loss, and BM loss.
Significantly higher ratings of stomach discomfort werefound inthe HF trial at 40,
50, and 60 min. Robinson et a . (16) found that aningestion of about 1500 ml of fluid
produced an uncomfortable feeling of stomach fullnessduringal-h TT. A total of
900 ml of fluid wasconsumed duringtheHF trial (1389 + 53 ml includingthebolus).
Itisgenerally recommendedtoingest alargevolume (~8 ml - kg™ BM) immediately
before exercise and then smaller volumes during exercise, since it increases stom-
ach distension and gastric emptying (15). This practice has al so been suggested to
overcome the problem of reduced gastric emptying of drinks of ahigh osmolality
(7). Further, drinks with a higher CHO concentration have in fact been shown to
increase substrate availability to theintestine (12).

Although maximal rates of fluid absorption have been found to be about 800
ml - h™ at rest (8), it has been suggested that this might decrease at high exercise
intensities(5, 10, 18). Themaximal rate of gastric emptying could beresponsiblefor
adecreased efficacy of fluid consumption during exercise. Thedelivery rateof fluid
into circulation might have been limited by therate of gastric emptying and/or fluid
absorption. Although neither gastric emptying nor the fate of ingested fluid were
determined during these trials, if the maximum rate of fluid absorption during
exerciseis<800ml -h,itislikely that thefluid delivery isHF, MF, and FAM (and
possibly LF) wasthe same, which might explain why no differenceswerefoundin
TT performance The increased feeling of stomach discomfort and the lack of in-
creased performance when fluid intake is above approximately 1200 ml, suggests
that cyclists should be recommended not to drink more than 1200 ml during a 1-h
cycling TT inathermoneutral environment.

Conclusion

The results of this investigation indicate that when a pre-exercise CHO bolus is
consumed, there is no effect of subsequent consumption of different volumes of
CHO beverages when trained cyclists undertake a 1-h performance task under
thermoneutral conditions. The ACSM guidelines(2) recommend that fluid replace-
ment should attempt to equal fluid loss. However, under such thermoneutral condi-
tionsand for single events, thereisno need to drink at such high ratesrecommended
by these guidelines. The findings of the study presented are evidence based and
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show that the guidelines do not apply to cycling performance of 1-h duration in
thermoneutral conditions in which there is no performance benefit to drinking
anything morethan apre-ride bolusand an ad libitum CHO solution.
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