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Abstract
The aim of this study was to investigate whether carbohydrate
mouth rinse (CMR) improves physical performance of cyclists
during a 30-km time trial test and its influence on water balance
compared to other strategies of fluid intake. Eleven recreationally
trained male cyclists completed a 30 km time trial cycle ergometer under three experimental interventions: (a) CMR, (b) drinking
to replace all weight loss (DWL), and (c) drinking “ad libitum”
(DAL). Time to complete the 30 km time trial, heart rate, average
power, velocity, weight loss, urine color, urine density and pH
were evaluated. Statistical analysis was performed using repeated
measures analysis of variance (RM-ANOVA) and generalized estimating equations (GEE) with Bonferroni adjustment (p < 0.05).
Time to complete the 30 km time trial was similar among CMR
54.5 ± 2.9 min, DWL 53.6 ± 3.9 min and DAL 54.5 ± 2.5 min (p
= 0.13). CMR (1.7 ± 0.4%) elicited similar water loss compared
to the DAL (1.4 ± 0.6%) intervention, but it was higher than the
DWL intervention (0.6 ± 0.6%) (p < 0.01). CMR did not improve
the performance of recreationally trained cyclists in a 30 km time
trial test compared to other fluid intake strategies. Furthermore,
CMR causes higher water loss compared to DWL intervention.
Key words: Mouth rinsing; endurance performance; exercise;
metabolism; nutrition.

Introduction
Cycling time trials are characterized by shorter duration,
high intensity and high pedaling cadence (Lucía et al.,
1999; Lucía et al., 2001). In cycling competitions, the intensity is higher than 70% of maximum oxygen consumption (VO2máx) and it can reach 90% among elite cyclists
(Fernández-García et al., 2000; Lucía et al., 1999;
Neumayr et al., 2002). Energy expenditure and cardiopulmonary high demand during cycling competitions challenges water loss control, which has an important role in
thermoregulation control (Jeukendrup, 2011; Maughan and
Meyer, 2013), and also in depletion of muscle glycogen
stores during exercise (Garber et al., 2011; Lepers et al.,
2002). Hence, excessive bodily fluid loss (> 2% of body
mass), in the form of dehydration, impairs an athlete´s
physical performance, especially in a hot and humid environment (Maughan and Meyer, 2013; Maughan, 2012;
Sawka et al., 2007).
The sports federations advise athletes to drink
enough fluid to replace sweat losses during exercise or

consume the maximal amount that can be tolerated (Sawka
et al., 2007; Thomas et al. , 2016). In addition, electrolyte
replacement should be considered when exercise leads to
high sweat rates, exceeding 900ml/h (Hernandez and
Nahas, 2009; Sawka et al., 2007). On the other hand, researchers argue that free-choice fluid intake ("ad libitum")
is sufficient to maintain homeostasis (Berkulo et al., 2015;
Noakes, 2007; Wall et al., 2015). They believe that the central nervous system is able to indicate the correct fluid volume to be ingested according to afferent information, ensuring control of plasma levels and body temperature
(Daries et al., 2000; Goulet, 2011; Machado-Moreira et al.,
2006; Noakes et al., 2005; Noakes, 2007). These reports
have increased adoption of the "ad libitum" strategy, especially in time trials in which high intensity raises the chance
of athletes complaining about gastrointestinal discomfort
or the risk of hyponatremia due to excessive water intake
(Noakes et al., 2005; Noakes, 2007).
In addition to the recommendations described previously, a new strategy known as carbohydrate mouth rinse
(CMR) is being studied in short bouts of exercise (≤ 60
minutes). In this strategy, individuals do not ingest liquids
during exercise, but only rinse their mouth with a carbohydrate solution for 5-10 seconds, after which it is expectorated (Thomas et al., 2016). The hypothesis is that carbohydrates would be detected by taste receptors, activating
important brain regions related to motivation and motor
control, and also improving performance without any ingestion of carbohydrate (Bortolotti et al., 2011; Carter et
al., 2004; Jeukendrup, 2014). Carter et al. (2004) were the
first to test this hypothesis and to demonstrate performance
benefits, though subjects were tested after fasting for 4
hours, which may not be reproducible in practical situations. In addition, CMR was compared to rinsing with a
placebo solution containing only water in their composition, which could directly influence the results, because
subjects could have perceived the nature of the tested solution. Considering that individuals do not ingest liquids during exercise, its impact on hydration and performance of
athletes, along with its effectiveness compared to strategies
traditionally recommended are still unknown.
Therefore, the necessity to learn how different nutrition strategies would influence performance of athletes
in short high-intensity exercises (< 60 minutes), the present
study aimed to investigate whether CMR improve physical
performance of cyclists during a 30 km time trial test and
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its influence on water balance compared drinking water to
replace all weight loss (DWL) and drinking “ad libitum”
(DAL) strategies.

Methods
Participants
Eleven male trained cyclists were recruited to participate
in the study. They had a training routine of at least 150 km
for 5 hours a week and were heat acclimated, because they
lived and trained at an average annual temperature of 28°
C and average relative humidity of 83%. Exclusion criteria
included smoking, obesity (BMI ≥ 30 kg/m²), previous diagnosis of chronic diseases and musculoskeletal injuries
within the last 6 months that could interfere with training
routine. Participants were recruited via digital media and
personal contact, in the Department of Physical Education
of the Federal University of Rio Grande do Norte and in
cycling teams of the city from April to December 2015.
This study was approved by the University Human Research Ethics Committee (CAAE: 31747714.7.0000.
5568). All participants were informed about the procedures
and signed the written informed consent. The number of
participants included in the present study was calculated
based on the study of Carter et al.(Carter et al., 2004), considering a test power of 90% and significance level of 5%.
The protocol for this trial and supporting CONSORT
checklist are available as supporting information.
Study design
Each subject attended the laboratory on five different occasions. In the first visit, subjects performed a body composition assessment (anthropometric technique) and evaluation of performance in a maximal exercise test. The second visit was a familiarization session on the 30 km cycle
ergometer time trial, with specific instructions to experimental trials and without ingestion of fluids during exercise. Visits 3-5 consisted of controlled trials, in which participants completed time trial test at self-selected intensity
and in a fed state. They were under random influence of the
following interventions: CMR = carbohydrate mouth rinse;
DWL = drinking to replace all weight loss; DAL = drinking
“ad libitum”. The order of interventions was randomized
by drawing lots for each participant with a minimum of
four days between tests. Participants were aware of the intervention selected only at the beginning of test, but they
were blinded to the composition of solutions that were offered in cups of translucent coloration.
Anthropometric assessment
Weight and height from all subjects were determined by a
portable digital scale coupled to a stadiometer with accuracy of 0.1 kg and 1.0 cm (Welmy®, W 110 H, Brazil).
Body Mass Index was calculated and nutritional status was
classified according to the cut-off points defined by the
World Health Organization (WHO, 2000). All measurements of skinfolds (triceps, subscapular, chest, biceps, iliac
crest, abdominal, medial thigh and calf) were made on the
right side of the body by using a compass with accuracy of
0.1 mm (Cescorf®, Brazil). Identification of sites and measurements were in accordance with the International Society
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for the Advancement of Kinanthropometry (ISAK) standards. Skinfold measurement were used for calculation of
body density using the generalized equation proposed by
Jackson and Pollock (1978), and later converted to fat percentage, according to formula proposed by Siri (1961).
Maximal exercise test
Subjects performed a maximal exercise test on a cycle ergometer (Velotron, Racermate, Inc., Seattle, WA, USA) to
determine the maximal oxygen uptake (VO2max) and heart
rate (HRmax). The initial workload was 100W followed by
25W increments per minute until exhaustion. Subjects
were instructed to maintain cadence ≥ 80 rpm. The gas exchange breath-by-breath was recorded throughout the maximal exercise test (Quark - CPET, Cosmed, Roma, Italy).
VO2max was considered as the highest mean value in 30s
recorded during the test. Heart rate was recorded throughout the test using a Polar Monitoring System (Polar
RS800cx, Kempele, Finland). All subjects achieved ≥ 95%
of age-predicted maximal HR (220 – age) at the moment of
volitional exhaustion. The appropriate seat position and
handlebar height were determined and replicated for each
subsequent visit.
Experimental trials
Before all trials, participants proceeded urine collection
and weight measurement (light clothing and no shoes).
They were equipped with a heart rate monitor and instructed to perform a 30 km time trial cycle ergometer (Velotron, Racermate, Inc., Seattle, WA, USA) with self-regulated pace in the shortest time possible, under three different nutritional strategies. The evaluation of physical performance was based on the total time to complete the 30
km time trial in each intervention. Heart rate was recorded
throughout all trials (Polar RS800 cx, Kempele, Finland).
The software coupled to the cycle ergometer recorded performance variables during trials (distance traveled, average
power, average speed and cadence). At the end of the test,
subjects were directed to a new urine collection and weight
measurement. Assessment of hydration status during experimental trials was carried out using three methods: monitoring of weight change, urine color and urine analysis.
Weight changes were evaluated by weight loss percentage,
which represents weight variation from the beginning to
the end of training session (final weight (kg)-starting
weight (kg)/100) (Casa et al., 2000). Urine color was evaluated according to the scale of Armstrong et al. (1994). For
avoid bacteria contamination, urine was collected after
cleaning the genital area with water (but nor soap) before
giving a sample. A midstream urine was used - subjects
were instructed to interrupt the flow of urine after a few
seconds and then collecting this middle portion of the urine
in a specific recipient. Urine samples were analyzed immediately after collection by the same researcher, in a well-lit
room by holding the samples against a white background
and rating them as whole numbers after comparison against
a previously published scale (scale colors ranging from 1
[lightest] to 8 [darkest]). Variables such as pH and density
of urine were analyzed using urine test strips in a semi-automatic urine analyzer (Labtest®, Cobas U, 411).
All trials were performed in an acclimatized room

183

Ferreira et al.

(average temperature of 22.1º C and humidity of 72.5%).
Participants were instructed to abstain from alcohol, caffeine, tobacco and exercise, and also to stay properly hydrated for 24 hours prior each visit. It was mandatory to
ingest 500 ml of fluid two hours before the tests, according
to recommendations from the American College of Sports
Medicine (Sawka et al., 2007). All trials were conducted at
the same time of the day and subjects were in a fed state (≤
2-3 hours from the last meal). Participants were also instructed not to change the eating pattern in the days leading
up to the tests, particularly the last meal prior testing. Furthermore, they were instructed to record all foods and beverages consumed throughout the day. Based on this food
diary, nutritional composition was analyzed using a software (DietWin Profissional, DietWin®, Porto Alegre, Brazil).
Solution for CMR comprised 6.4% of unflavored
maltodextrin (Atlhetica®, Brazil), in accordance with recommendations from literature (Jeukendrup, 2014). Subjects received 25 ml of the solution after every 12.5% of
the 30 km time trial completed. They were instructed to
rinse the fluid around their mouths for about 10 seconds,
and then, spit the whole solution in a container indicated
by the investigator. The expelled volume of liquid was
measured to ensure that ingestion of solution was not significant. According to recommendations from the ACSM
for fluid replacement (Sawka et al., 2007; Thomas et al.,
2016), weight loss during the familiarization session was
considered to determine the fluid volume to be replaced in
the DWL session. The calculated volume was evenly distributed during the test in cups of 150ml, so that participants drank all the liquid or the maximum scheduled to be
tolerated. In addition, 1 capsule of electrolyte supplement
(Repor Salt, Atlhetica®, Brazil) that corresponds to 321 mg
of sodium (14 mEq) was used in cases that weight loss was
higher than 2%. In the DAL session, water was offered as
much as the subjects wanted (ad libitum) in cups of 150 ml,
and the volume ingested was registered.
Statistical analysis
The normality of the data and the homogeneity of variance
were tested using Shapiro-Wilk and Levene test, respectively. The results were expressed as mean ± standard deviation. The variables time to complete trial, heart rate,
power, energy consumption and food consumption, regardless of time and intervention, were analyzed by comparison
of means using repeated measures ANOVA (RMANOVA). The variables measured before and after trial
such as weight and urinary markers were evaluated according to intervention and time using the Generalized Estimating Equation (GEE: General Estimation Equation) with
Bonferroni adjustment for repeated measures. In order to
ensure that the effect of one treatment did not influence or
alter the effect of subsequent treatments, the order of participants’ presentation and residual effects (carry-over)
were balanced. The size of the variance effect was calculated by partial eta-squared (η2p). All analysis the level of
statistical significance was considered as p < 0.05. Statistical analysis was performed using SPSS® 22.0 software and
STATA version 1.2 for Windows.

Results
Eleven male recreationally trained cyclists participated in
the study (Age = 30.4 ± 6.2 yr; height = 1.73 ± 0.08 m;
weight = 73.6 ± 7.81 kg; body mass index = 24.67 ± 2.22
kg/m²; Body fat percentage = 11.2 ± 3.4%, maximum
power = 362.5 ± 48.88 W; maximum oxygen consumption
= 55.3 ± 5.6 mlꞏkg-1ꞏmin-1). Table 1 shows dietary intake
in the previous 24 hours and last meal before experimental
trials. There was no significant difference among experimental interventions in the energy consumption of carbohydrates, proteins and lipids, and the average energy in the
previous 24 hours and last meal before exercise.

Figure 1. Maximal Heart Rate (A) and Power (B) response for
each percentage 30-km time trial distance in CMR (carbohydrate mouth rinse), DWL (drinking to replace all the weight
lost) and DAL (drinking “ad libitum”) interventions. The values expressed as Mean ± SD. * = within effect for CMR interventions
related to 25% of distance. # = within effect for DWL interventions related to 25% of distance. RM-ANOVA (F(1.36, 13.60) = 14.8, p < 0.001, ƞ2p
= 0.597).

The mean intensity of 30 km time trials were not
significant different (81.3 ± 5.8, 82.5 ± 7.9 and 81.1 ± 7.4
%HRmax, F(2, 20) = 0.51, p = 0.60, ƞ2p = 0.049) among CMR,
DWL and DAL interventions. Regarding 30 km time trial
performance, there were not significant differences for average power (198.6 ± 25.9, 210.7 ± 41.3 and 196.9 ± 22.4
W, F(1.31, 13.14) = 2.94, p = 0.25, ƞ2p = 0.227) and average
velocity (33.1 ± 1.7, 33.8 ± 2.5 and 33.0 ± 1.5 kmꞏh-1, F(2,
2
20) = 3.07, p = 0.06, ƞ p = 0.235) among CMR, DWL and
DAL interventions, respectively. The distances were divided at 25, 50, 75 e 100% of 30 km time trial for analysis.
Figure 1 shows that heart rate increased throughout 30 km
time trial in CMR and DWL, reaching higher values in the
last stage, but did no change in DAL intervention (F(1.36,
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= 14.8, p < 0.001, ƞ2p = 0.597). However, there was
no significant difference among interventions (F(6, 60) =
1.37, p = 0.24, ƞ2p = 0.121). Additionally, there was no
change in power of any intervention throughout time trial
(F(6, 60) = 7.13, p = 0.64, ƞ2p = 0.067). Time to complete 30
km time trial among the CMR, DWL and DAL interventions were not significantly different (54.5 ± 2.9, 53.6 ± 4.0
and 54.5 ± 2.5 minutes,
F(2, 20) = 2.25, p = 0.131, ƞ2p = 0.184).
All interventions elicited weight loss after completion of the 30 km time trial. However, DWL showed lower

13.60)

value of weight loss percentage (0.6 ± 0.6, 1.7 ± 0.4 and
1.4 ± 0.6 %weight loss, F(2, 20) = 32.9, p < 0.001, ƞ2p =
0.767) compared CMR and DAL interventions, respectively. Additionally, the volume of fluid intake throughout
30 km time trial was lower in CMR followed by DAL and
DWL interventions (10.4 ± 4.3, 433.2 ± 258.8 and 1081.8
± 337.1 mL, F(2, 20) = 50.58, p < 0.001, ƞ2p = 0.835). Table
2 shows results of hydration status. There was increased
urinary concentration in all interventions, but it did not differ significantly. The urine density was not significant different over time of test and among interventions.

Table 1. Food intake of subjects before three different interventions. Values expressed in mean (±SD).
Food intake
CMR
DWL
DAL
p-value
24 hours before exercise
Energy intake (Kcal)
2453.8 ± 752.7
2280.2 ± 547.9
2965.0 ± 1182.9
.226
Carbohydrate intake (g)
307.4 ± 109.2
278.3 ± 76.6
359.4 ± 150.9
.223
Carbohydrate contribution (%)
50.5 ± 8.3
48.9 ± 5.9
48.4 ± 7.0
.766
Carbohydrate contribution (g/kg)
4.1 ± 1.5
3.8 ± 1.0
4.9 ± 2.0
.337
Protein intake (g)
144.0 ± 44.8
136.1 ± 33.7
196.6 ± 128.4
.228
Protein contribution (%)
24.1 ± 6.0
24.6 ± 5.8
25.8 ± 7.6
.268
Protein contribution (g/kg)
2.0 ± 0.6
1.8 ± 0.5
2.7 ± 1.7
.229
Lipid intake (g)
72.0 ± 38.1
69.2 ± 27.0
82.3 ± 33.6
.611
Lipid contribution (%)
25.4 ± 9.1
26.6 ± 5.7
25.8 ± 6.2
.915
Lipid contribution (g/kg)
1.0 ± 0.5
0.9 ± 0.4
1.1 ± 0.5
0.612
Meal before exercise
Energy intake (Kcal)
669.2 ± 137.0
641.6 ± 132.3
621.1 ± 92.9
.199
Carbohydrate intake (g)
74.62 ± 20.1
70.7 ± 17.9
68.2 ± 18.8
.666
Carbohydrate contribution (%)
44.8 ± 9.1
44.2 ± 8.6
43.5 ± 7.5
.938
Carbohydrate contribution (g/kg)
1.0 ± 0.3
1.0 ± 0.2
0.9 ± 0.3
474
Protein intake (g)
62.9 ± 21.4
61.6 ± 18.7
57.2 ± 16.1
.736
Protein contribution (%)
37.6 ± 9.2
38.1 ± 6.2
36.7 ± 8.8
.922
Protein contribution (g/kg)
0.9 ± 0.3
0.8 ± 0.3
0.8 ± 0.2
.474
Lipid intake (g)
12.2 ± 4.1
11.8 ± 4.0
12.5 ± 5.7
.921
Lipid contribution (%)
16.4 ± 4.7
16.8 ± 5.6
18.7 ± 9.7
.374
Lipid contribution (g/kg)
0.2 ± 0.1
0.2 ± 0.1
0.2 ± 0.1
.922
CMR = carbohydrate mouth rinse. DWL = drinking to replace all the weight lost. DAL = drinking “ad libitum”. p-value for repeated
measures analysis of variance (RM-ANOVA)

Table 2. Hydration variables in three different interventions.
CMR
DWL
Pre
Post
Pre
Post
Weight (Mean±SD)
73.0 ± 8.1 71.7 ± 7.9 72.5 ± 7.7 72.1 ± 7.5
Diff. ± SE (IC95%)
-1.3 ± 0.1 (-1.5 at -1.1) -0.4 ± 0.1 (-0.7 at -0.2)
pd
< .001
< .001
Urine Color (Mean±SD)
3.3 ± 1.3
5.3 ± 1.8 2.6 ± 1.5 3.6 ± 1.6
Diff. ± SE (IC95%)
2.0 ± 0.6 (0.9 at 3.1)
1.0 ± 0.1 (0.8 at 1.3)
pd
< .001
< .001
Urine pH (Mean±SD)
6.5 ± 0.5
6.2 ± 0.2 6.4 ± 0.3 6.5 ± 0.3
Diff. ± SE (IC95%)
-0.3 ± 0.1 (-0.6 at -0.1) 0.1 ± 0.1 (-0.1 at 0.2)
pd
.003
.289
Urine density (Mean±SD) 1.1 ± 0.1
1.1 ± 0.1 1.1 ± 0.1 1.1 ± 0.1
Diff. ± SE (IC95%)
-0.1 ± 0.1 (-0.1 at 0.1) 0.1 ± 0.1 (-0.1 at 0.1)
.458
1.00
pd

DAL
Pre
Post
72.4 ± 7.5 71.5 ± 7.4
-1.0 ± 0.1 (-1.3 at -0.7)
< .001
3.1 ± 1.2
4.5 ± 1.5
1.5 ± 0.3 (0.9 at 2.0)
< .001
6.5 ± 0.6
6.4 ± 0.2
-0.1 ± 0.2 (-0.4 at 0.3)
.759
1.1 ± 0.1
1.1 ± 0.1
-0.1 ± 0.001 (-0.1 at 0.1)
.210

pa
pb
< .001 .065

pc
< .001

< .001 .072

.187

.016

.525

.027

.283

.267

.633

CMR = carbohydrate mouth rinse. DWL = drinking to replace all the weight lost. DAL = drinking “ad libitum”. Analyzed data according to GEE.
Diff = Difference between times; SE = standard error; a time; b treatment; c interaction time * treatment; d within effect with adjust Bonferroni.

Discussion
In the present study, we investigate whether carbohydrate
mouth rinse improve physical performance of recreationally trained cyclists compared to different strategies of
fluid intake during high intensity exercise lasting less than
one hour. To the best of our knowledge, this is the first
study investigating whether CMR strategy contributes to a

better performance than other traditional strategies of fluid
intake, evaluating cyclists in a fed state. Additionally, this
study aimed to compare the hydration status among different interventions (CMR, DWL and DAL). Our main results
were that CMR intervention did not show superior influence on performance of cyclists in 30 km time trial, and it
elicited similar water loss compared to DAL intervention,
but higher than DWL intervention.
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Carter et al. (2004) observed that the use of CMR
strategy showed an improvement of 2.9% on the average
time for completion of the test, compared to a placebo solution, in a time trial with intensity > 75% VO2máx and lasting ~1 hour. Others researchers have found similar results
using CMR (Bortolotti et al., 2011; Carter et al., 2004;
Chambers et al., 2009; Correia-Oliveiraet al., 2013), and
this strategy became popular between athletes. Although
CMR strategy has been included in the ACSM position
stand as an alternative to carbohydrates replacement in
short-duration exercises (Thomas et al., 2016), the present
study did not observe improvements on performance. It is
possible that this result is related to the fed state of participants in our study. This condition (fed state) is more frequent between athletes during competitions, and our findings corroborate other similar studies that did not showed
changes on performance (Beelen et al., 2009; Ispoglou et
al., 2015; Kulaksız et al., 2016; Kumar et al., 2016). Beelen
et al. (2009) did not find differences regarding time for
completion of the test, power and heart rate in fed athletes
rinsing their mouths with carbohydrate when compared to
rinsing with water. Therefore, CMR strategies for subjects
in a fed state do not appear to improve performance of cyclists in a test lower than 60 minutes.
Studies with CMR strategy aimed to evaluate their
ergogenic effect, and did not assess the individual's hydration status during exercise. In high-performance sports,
health issues are not valued as much as test scores. However, when this strategy begins to be used by a large number of athletes to improve their performance, without taking into account the potential risks to their health, researchers should pay attention to other outcomes than physical
performance. It is important to emphasize that athletes exercising or competing in hot and humid conditions may
have hydration disorders using the CMR strategy, especially if their weight loss was upper than the limits of health
(>2%).
In the present study, cyclists underwent a physical
test with average duration of 1 hour in an acclimatized
room, without reaching dehydration, but with considerable
water loss. It is postulated that fluid loss higher than 2% of
weight decrease exercise performance (Casa et al., 2000).
However, variables of weight loss, urine color and density
that usually determine hydration status (Arnaoutis et al.,
2012; Casa et al., 2000) did not influence the performance
of cyclists under different interventions. It is unknown
whether a higher water loss would influence the velocity
and time to complete exercise test. It is currently discussed
in the literature that hydration status is not the main factor
influencing physical performance of athletes in this type of
exercise (Berkulo et al., 2015; Cheung et al., 2015; Goulet,
2011; Noakes, 2007; Wall et al., 2013). Additionally, the
fact that the athletes were acclimated to the hot and humid
environment, due to the tropical climate of the city of
this study, contributed to the maintenance of performance,
regardless of the intervention.
The most accurate parameter to measure body water
balance is plasma osmolality. In some situations, urinary
specific gravity also shows to be a good marker (Mckenzie
and Mu, 2015), followed by other urinary parameters such
as density and pH (Mckenzie and Mu, 2015; Shirreffs,
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2003). In practice, athletes and coaches use body mass variation to detect dehydration status, and it was used in the
present study. Acute changes in body mass over a short
time period can frequently be assumed to be due to body
water loss or gain, since over a short time period, no other
body component will be lost at such a rate (Shirreffs,
2003). We recognize that the use of these parameters is a
limitation of the present study. However, these measures
are widely used in other studies (Cheuvront et al., 2010;
Shirreffs, 2003) and are accessible to the public for the
practical applications. Moreover, they were taken with the
methodological accuracy necessary for their correct scientific interpretation.
Goulet (2011) have suggested that exercise intensity and duration have a greater impact than hydration status, since water loss up to 4% of weight did not affect performance of athletes in their study. Some authors have confirmed this hypothesis, studying the effect of dehydration
to performance in hot environments. Wall et al. (2015) did
not observed changes on performance, physiological and
perceptual variables in a cycling time trial, even with a
weight loss up to 3%. Cheung et al. (2015) demonstrated
that weight loss up to 3%, physiological effects and increased thirst perception did not affect submaximal exercise performance of cyclists in hot temperatures, reinforcing the same hypothesis. Berkulo et al. (2015) did not observe negative effects on performance of athletes when
they were hypo-hydrated. Cyclists were exposed to three
different experimental situations during a 40 km cycling
time trial in hot temperature: hydrated with no ingestion of
water, hypo-hydrated with no fluid ingestion and hypo-hydrated with ad-libitum water ingestion. Heart rate, temperature response, RPE and thermal sensation variables did
not exhibited significant differences among interventions.
These results seem to reinforce the idea that, if weight loss
during exercise is less than 4%, fluid intake would not improve physical performance, and athletes would use other
nutritional strategies such as CMR or ad libitum.
Some studies have pointed out that fluid replacement guided by thirst may be sufficient for thermoregulatory responses maintenance and ability to perform exercise, even with the small involuntary dehydration that frequently occurs in some sports (Goulet, 2011; Noakes,
2007). Furthermore, this practice can also prevent gastrointestinal complaints caused by fluid accumulation
(Noakes, 2007). Ad libitum water intake was sufficient to
keep the hydrated state of individuals who exercised for an
hour in a hot and humid environment, whereas water intake
according to weight loss would lead to excessive consumption of water (Machado-Moreira et al., 2006).
Overall, these studies highlight that DAL should be
an alternative for athletes, especially considering the possibility of gastrointestinal discomfort due to excessive fluid
intake in moderate duration exercise that require great
physical effort. Therefore, athletes should develop individualized hydration strategies that prevent damage to health
and performance during exercise. Further studies should be
conducted to evaluate the effects of using both CMR and
DAL strategies together, considering the potential ergogenic effects reported in the literature, which could improve athletic performance, because competitions might
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be decided with only a few seconds difference.

Conclusion
In conclusion, CMR did not improve the performance of
recreationally trained cyclists in 30 km time trial tests compared to other strategies of fluid intake recommended traditionally. However, the water loss in CMR similar to
DAL, but higher than DWL, suggests that physical performance of cyclists is not affected when water loss is lower
< 4% weight in short high-intensity exercise (< 60
minutes), when performed in controlled temperature and
when individuals were in a fed state.
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Key points
 Carbohydrate mouth rinse is not a better performance improvement technique in compared to
other hydration strategies in cyclists.
 Drinking water ad libitum is an efficient strategy to
hydrate, and does not harm sports performance
compared to the water recommendations of the
American College of Sports Medicine.
 The water loss in carbohydrate mouth rinse is similar to strategy ad libitum.
 Heart rate did not change throughout 30 km time
trial in drinking water ad libitum intervention.
 All interventions elicited weight loss after completion of the 30 km time trial.
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