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Introduction

Carbohydrate (CHO) ingestion improves endurance exercise 
performance1,2 as this strategy maintains the blood glucose 
concentrations within adequate levels, thus sparing muscle 
and liver glycogen contents during exercise.3–6 Given the key 
role of muscle glycogen as a fuel during exercise,7 CHO 
ingestion has been also shown to improve exercise perfor-
mance either during prolonged (i.e., > 1 h)8 or short duration 
exercises (i.e.,< 1 h),9–11 even though neither muscle glyco-
gen stores nor hypoglycemia has been considered as a  
limiting factor of exercises lasting shorter than 1 h.12 This 
intriguing aspect led researchers to suggest a centrally medi-
ated action of the CHO supplementation ergogenic effects, as 
isolated peripheral mechanisms involving muscle glycogen 

stores and blood glucose levels could not explain the CHO 
effects on exercises shorter than 1 h.13
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A seminal study composed of two experiments provided 
support to this hypothesis. Using magnetic resonance imag-
ing technique in the first experiment,14 Chambers et al. 
observed a greater activation in reward-system-related brain 
areas such as the insula and anterior cingulate cortex, when 
participants rinsed their mouth with solutions containing 
glucose or maltodextrin. In the second experiment, the 
authors observed that participants improved the 1 h cycling 
time trial performance when they rinsed their mouth with 
CHO solutions. Together, these results indicated that 
improvements in cycling time trial performance were likely 
associated with a CHO mouth rinse-induced activation in 
cerebral areas, as no CHO was ingested by participants. 
Indeed, original15–17and review18,19 studies have supported 
the use of CHO mouth rinse to boost exercise performance. 
For example, Peart18 detected a small but significant 
improvement in performance with CHO mouth rinse during 
exercise lasting ⩾ 25 min (effect size, ES = 0.25) and ~1 h 
time trials (ES = 0.31), in contrast to a trivial effect in 
resistance exercise (ES =-0.09) or exercise protocols last-
ing ⩽ 3 min (ES = 0.06).18 These results confirmed the effec-
tiveness of the CHO mouth rinse to improve exercise 
performance. However, studies have also reported a varied 
magnitude of the CHO mouth rinse effects, so that methodo-
logical aspects likely playing as confounding factors should 
be discussed.

Studies designed to investigate the CHO mouth rinse 
effects on exercise performance have shown a variety of 
methodological aspects with potential confounding factors. 
For example, the type of exercise used to assess performance 
likely influences the potential of the CHO mouth rinse as an 
ergogenic aid, as the central–peripheral fatigue interplay is 
related to the exercise type-induced neuromuscular fatigue.20 
Moreover, given the oropharyngeal receptors-mediated 

CHO mouth rinse effects, one may hypothesize that mouth 
rinse duration and CHO solution concentration may likely 
affect the potential of this strategy as ergogenic aid.21 As a 
result, the pre-exercise feeding state (i.e., fasting versus fed 
state) may constitute a further additional confounding factor, 
as the CHO solution-derived energetic content signalized to 
brain areas may vary between postprandial states.22,23 Finally, 
the use of different placebos may be an important source of 
bias in CHO mouth rinse literature, as limitations to produce 
comparable placebo and CHO compounds (i.e., taste, smell, 
and color) may have led to an ineffective blinding procedure 
in some studies, thereby increasing the chances of placebo-
induced effect on exercise performance.24 Unfortunately, 
however, neither systematic nor narrative reviews have 
addressed these methodological features comprehensively 
(Figure 1), proposing possible directions to improve the 
methodological control in future CHO mouth rinse studies.

Therefore, the aim of this narrative review was to discuss 
potential confounding factors present in the CHO mouth 
rinse literature, providing methodological insights and direc-
tions for future studies.

Type of Exercise Protocol

Most studies investigating the potential ergogenic effects of 
CHO mouth rinse were designed to assess cycling and run-
ning performance in endurance exercise protocols lasting 
longer than 30 min, as shown by meta-analytical reviews.18,19 
Overall, it has been reported improvements from ~1.5% to 
11.5% in endurance performance,18,19,25 but effects in perfor-
mance of single- and repeated-sprint exercises or strength 
exercises have been controversial. While some have shown a 
beneficial CHO mouth rinse effect on single-sprint perfor-
mance,26,27 others have challenged this nutritional ergogenic 
strategy in this type of exercise.28–30 Likewise, some studies 
have shown improvements in repeated-sprint performance 
ability,31,32 while others have failed to show beneficial 
effects.33–35 A recent systematic review and meta-analysis 
found trivial CHO mouth rinse ergogenic effects in single- as 
well as repeated-sprint performance,36 thus suggesting that 
this strategy may be ineffective to improve performance in 
sprint exercises. Accordingly, studies assessing CHO mouth 
rinse effects on strength exercise have also shown contro-
versial findings37–40 on muscular strength and/or muscle 
endurance performance outcomes.17,29,41–46 Somehow, this 
controversy can be associated with methodological aspects 
of previous studies.

Issues regarding the methodological control of short and 
very high-intensity exercise protocols may be partially 
related to some controversial results. First, most CHO mouth 
rinse studies using short and very high-intensity exercises 
have failed to provide well-controlled familiarization ses-
sions. The use of familiarization sessions is a key methodo-
logical aspect to reduce learning-derived systematic errors 
before assessing performance outcomes in single and 

Figure 1. Potential manipulating determinants of the CHO 
mouth rinse ergogenic effects, with regard to the CHO solution 
concentration (Panel I), the type of exercise protocol (Panel II), the 
placebo effect (Panel III), and the mouth rinse duration (Panel IV).
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multiple experimental trials.47 For example, three or more 
trials may be necessary to familiarize participants with test-
ing procedures until producing stable and reliable perfor-
mance measures, mainly in novice participants. Second, 
studies have recruited either recreationally active partici-
pants or trained individuals from a broad range of training 
status and experience level, thereby increasing the difficulty 
of providing reliable performance assessment. For example, 
previous investigations showed that trained individuals 
exhibited a greater consistency in motor performance than 
their untrained counterparts during physical tasks requiring 
high levels of muscle force,48 likely due to the greater motor 
unit synchronization and improved electrical properties of 
motor units49,50 in trained rather than untrained participants. 
Therefore, using participants from varied training experi-
ences without preliminary trials to adequately familiarize 
them with testing procedures likely contributed to increase 
the variability in performance outcomes of high-intensity 
exercise tests. Considering that significant CHO mouth rinse 
beneficial effects on performance may be of small magni-
tude,18,19 the lack of procedures to minimize the variability in 
high-intensity exercise test-derived performance outcomes 
may have reduced the sensibility in assessing true CHO 
mouth rinse effects in previous studies. Hence, studies aim-
ing at CHO mouth rinse ergogenic effects on sprint and 
strength exercise performance should make efforts to mini-
mize possible sources of variability in exercise protocols, 
recruiting trained and experienced individuals and perform-
ing adequate familiarization sessions with experimental pro-
cedures before the experimental trials. In order to provide 
unbiased evidence with a higher level of reliability on CHO 
mouth rinse results, future studies are recommended to use 
familiarization trials until assessing performance outcomes 
within acceptable variation or conduct preliminary studies to 
calculate the typical error of measurement51,52 before the 
CHO mouth rinse intervention.

Regarding endurance rather than strength or sprints exer-
cise performance, the consistency of the CHO mouth rinse as 
ergogenic aid is apparently associated with the nature of neu-
romuscular fatigue development. The mechanisms under-
lying neuromuscular fatigue are multifactorial and vary 
according to intensity and duration of the exercise task.53 
Supporting this notion, Thomas et al.20 found that different 
exercise durations elicited different magnitudes of central 
and peripheral fatigue as assessed through electrical twitch 
interpolation technique, as there was a shift in the central–
peripheral fatigue interplay toward a central limitation as the 
cycling time trial duration increased from 4 km to 20 km and 
40 km. A greater peripheral fatigue was detected as the 
shorter cycling time trial progressed (i.e., 4 km cycling time 
trial), in contrast to the greater central fatigue found after 
longer cycling time trials such as 20 km and 40 km.20 The 
hypothesis was that participants completing the 4 km cycling 
trial faced higher levels of muscle metabolites-induced 
neuromuscular fatigue (47) such as hydrogen and potassium 
accumulation,54,55 thus contrasting to centrally mediated 

reductions in motor command and voluntary activation in 
40 km cycling time trial.56 Somehow, this different exercise 
intensity-neuromuscular fatigue interplay may provide 
rationale to the controversial results involving endurance 
exercise protocols, as addressed below.

As suggested earlier by Chambers et al.,14 CHO mouth 
rinse effects are centrally mediated through activation of 
reward-system cerebral areas associated with motivation and 
perceived exertion.14,57 Recently, studies also have found 
that CHO mouth rinse increased cortical activity in areas 
involved in motor planning and motor command.14,58,59 
Consequently, beneficial CHO mouth rinse effects on perfor-
mance are potentially higher in exercises eliciting central 
more than peripheral fatigue, as the CHO centrally mediated 
effects could counteract fatigue-induced reductions in motor 
command and voluntary activation. Indeed, in a recent study, 
we observed that CHO mouth rinse mitigated central fatigue 
during a 4 km cycling time trial, although being ineffective to 
enhance performance (likely due to a peripheral fatigue 
nature of this trial).60 Accordingly, Bastos-Silva et al.61 veri-
fied beneficial CHO mouth rinse effects on a cycling-to-
exhaustion test performance in intensity showing central 
rather than peripheral fatigue, that is low-to-moderate (80% 
of the respiratory compensation point) rather than high-
intensity exercise (110% of the peak power output). Together, 
these studies61,62 provided some support to the idea that CHO 
mouth rinse may be beneficial to improve performance 
mainly in exercise protocols that induce a central–peripheral 
fatigue interplay toward central limitations (i.e., moderate 
intensity, long duration). Accordingly, one may argue that 
CHO mouth rinse may also have different beneficial effects 
in upper versus lower limbs strength exercises, given the dif-
ferent fatigue development between them.63,64 However, the 
relationship between exercise type (intensity and duration) 
and lower versus upper limbs, and CHO mouth rinse ergo-
genic effects remains poorly understood so that mechanistic 
and applied studies are necessary to reveal the true CHO 
mouth rinse ergogenic effects on endurance and strength 
exercises having different neuromuscular fatigue etiology.

Pre-exercise Nutritional Status

The pre-exercise nutritional status may be another methodo-
logical factor to influence the CHO mouth rinse effects on 
exercise performance. Beneficial CHO mount rinse effects 
have been reported mainly by studies assessing performance 
in post-absorptive state longer than 4 h or following an over-
night fasting,14,65–67 However, controversial results including 
ineffective60,68–70 and effective CHO mouth rinse effects71 
have been found in exercise performance assessed with var-
ied postprandial conditions.

An earlier study by Fares and Kayser72 showed that CHO 
mouth rinse improved exercise performance in a cycling-
to-exhaustion exercise at 60% of maximum power output 
irrespective of the participants’ nutritional state, thereby 
reinforcing the notion of a beneficial CHO mouth rinse effect 
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even after a CHO-enriched breakfast. However, in addition 
to those methodological issues addressed previously such as 
testing protocols (high variability), participants (trained versus 
novice), and familiarization trials (inadequate reliability), 
other two aspects may have contributed to increase the con-
cern over these results. First, information regarding the total 
energy density and CHO amount in pre-exercise meals was 
insufficient to properly evaluate the participants’ nutritional 
state. Second, instead of a solution with comparable taste, 
color, and smell to CHO solution, the authors used water as 
a placebo, thus introducing a serious concern on the effec-
tiveness in blinding participants from the true CHO content. 
In a well-designed and controlled study, Lane et al.73 detected 
that CHO mouth rinse was capable of improving the mean 
power output during a ~1 h cycling time trial after both an 
overnight fasting or a high-CHO meal, although the magni-
tude of the performance enhancement has been higher in 
fasted (3.4%) than fed state (1.8%). Results of this later 
study suggest that CHO mouth rinse ergogenic effects may 
partially rely on the participants’ prandial state.

Despite poorly understood, insights about the mecha-
nisms behind the reduced CHO mouth rinse effects in fed 
state may have been found by an earlier study. An fMRI 
study comparing cortical responses to oral sucrose-induced 
taste stimuli (219 g·L−1; 22% CHO) either after an overnight 
fast (12 h) or immediately after the ingestion of a 700-kcal 
liquid meal74 observed that cerebral regions such as insula 
showed a greater activation in fasting than postprandial state. 
Somehow, it is possible that variations in the food-derived 
metabolic signals such as plasma ghrelin and leptin75,76 
played a role in the CHO mouth rinse-induced modulation in 
cerebral activity, inducing greater responses mainly after 
long periods of food abstinence (> 4 h).

The hypothesis of a higher CHO mouth rinse ergogenic 
aid in fasting than fed state does not necessarily discourage 
the use of this nutritional strategy in practical settings, as 
Lane et al.73 showed that the best performance increment was 
achieved by combining both CHO-rich pre-exercise meal 
with CHO month rinse throughout a 1 h simulated cycling 
time trial. In addition, CHO mouth rinse could be an interest-
ing strategy to athletes engaged in restrictive diets such as 
intermittent fasting77 or those suffering from gastrointestinal 
discomfort, who are likely to abstain from food intake before 
a training session or a competitive challenge. Nevertheless, 
studies are required to better explore the fasting versus fed 
state effects on CHO mouth rinse ergogenic aid.

Mouth Rinse Duration

Perhaps, the CHO mouth rinse duration has been one of the 
first methodological aspects highlighted as a confounding 
factor in the literature. However, only a few studies26,46,78,79 
have attempted to verify the influence of longer mouth rinses 
with CHO solution on exercise performance.

Most studies have used mouth rinses lasting a short 5s 
period,18,19,80 thus the question that remains to be answered is 

that exposing oral receptors to CHO solution during longer 
periods would induce a higher stimulation of reward-system 
cerebral regions involved in behavioral and autonomic 
responses,14 thereby facilitating motor command to periph-
eral muscles as a result. Using transcranial magnetic stimula-
tion of the primary motor cortex to assess corticomotor 
excitability and voluntary force production, Gant et al.59 
reported significant increases in motor output and force pro-
duction when the oral cavity was exposed to CHO content 
for approximately 60 s. Study by Sinclair et al.79 was likely 
the first to compare the effect of different CHO mouth rinse 
durations (i.e., 5 versus 10 s) on the total distance covered 
during a 30 min cycling time trial. When compared with the 
placebo-controlled condition, results showed that partici-
pants covered longer total distances only if rinsing their 
mouth with CHO during 10s, although increases in perfor-
mance have also been found in ten out of the 11 participants 
with 5s mouth rinse. Importantly, when comparing 10s to 5s, 
eight out of the 11 participants cycled longer when they 
rinsed their mouth during 10s. Despite these results may 
suggest a duration–ergogenic effect relationship of the 
CHO mouth rinse,79 methodological limitations such as the 
absence of familiarization sessions and the lack of a double-
blind, randomized, and counterbalanced design limited these 
results to infer to a higher-level inference.

Accordingly, Tomko et al.78 verified if serial CHO mouth 
rinses produced higher improvements in sprint performance 
than single, isolated rinses. Participants performed three sets 
of repeated anaerobic sprint tests (6 x 35 m sprints inter-
spersed by 7 min between them) either rinsing their mouth 
with a single rinse for 5s before the sprint test or rinsing their 
mouth with multiple 5, 10, and 15s rinses (before the first, 
second, and third sets of the sprint test, respectively). Overall, 
serial rinses resulted in changes that were trivial on peak and 
average sprint time compared to single rinses. However, 
methodological aspects such as the absence of familiariza-
tion sessions may have increased the heterogeneity in sprint 
test performance outcomes. Moreover, the use of an exercise 
protocol that elicited peripheral rather than central fatigue 
may also have surrendered an additional difficulty to reveal 
the true CHO mouth rinse effects.78 Indeed, a recent study by 
Nehme et al.81 found no benefits in performance measured in 
the Yo-Yo Intermittent Recovery Test Level 1 with serial 
CHO mouth rinses. Interestingly, neither serial nor single 
CHO mouth rinses exhibited superior beneficial effects than 
placebo mouth rinses. Hence, future studies using straight-
forward methodologies (i.e., including central fatigue-lim-
ited exercise tests; adequate familiarization trials; appropriate 
randomized, double-blind controlled designs; trained partici-
pants) should investigate if CHO mouth rinses with varied 
durations affect its ergogenic effects.

CHO Solution Concentration

Furthermore, the concentration of the CHO content seems to 
play a role in the effectiveness of the CHO mouth wash 
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ergogenic effects. Possibly, the oral receptors-mediated 
reward-system cerebral areas are sensitive to the energetic 
value of the CHO content.21,82 The fact that a previous study21 
found that cerebral areas bordering the reward-system such 
as hypothalamic areas were progressively activated when 
participants ingested CHO content with 8.3% and 25% con-
centrations, respectively, offers some support to this notion. 
Since the CHO-triggered effects were observed immediately 
after the ingestion, before any absorption-related effect, this 
result suggested that comparable effects in reward-system 
areas could be found if rinsing the mouth with CHO (i.e., 
free from ingestion-derived “metabolic” effects), as observed 
elsewhere.14 Consequently, one may argue that CHO mouth 
rinse activates the reward-system cerebral areas in a dose-
dependent manner, so that the higher the CHO solution con-
centration, the higher the cerebral activation is. Consequently, 
a greater exercise performance improvement may also be 
expected with higher CHO solution concentrations, assuming 
a cerebral activation–performance improvement relationship.

Studies have tried to clarify a potential CHO dose–
response relationship.70,83–88 The study by Wright and 
Davison83 was probably the first to investigate this hypothe-
sis. They observed that solutions with 6% and 12% CHO 
content similarly enhanced exercise performance as meas-
ured as the total distance covered in a 90 min running test. 
However, the limited sample size and the lack of familiariza-
tion sessions were important concerns of this study.83 
Accordingly, later studies also provided biased evidence 
regarding a potential CHO dose–response relationship. For 
example, Kulaksiz et al.84 and Clarke et al.86 found no addi-
tive effects of CHO mouth rinses in cycling and running time 
trial performance with concentrations progressively higher 
such as 3%, 6%, and 12% CHO content, respectively. Despite 
no dose–response relationship has been detected, the inclu-
sion of untrained and inexperienced individuals in a small 
and heterogeneous sample size, together with inadequate 
familiarization sessions, and the use of a single- rather than 
double-blind design may have reduced the power to detect a 
true CHO dose–response relationship.84,86 The fact neither 
CHO mouth rinse ergogenic effects were detected by these 
studies suggests that bias may have threatened the conclu-
sions regarding a potential CHO dose–response relationship 
in endurance exercise performance.

Regarding the effects of different CHO concentrations on 
strength performance, study by Karayigit et al.88 compared 
the effect of 6%, 12%, and 18% CHO concentrations mouth 
rinses on maximum strength and strength endurance of resist-
ance-trained young women. The authors detected no differ-
ences in strength performance among CHO concentrations, 
given that no CHO mouth rinse ergogenic effect was observed. 
Again, the inappropriate familiarization sessions and control 
of potential confounding factors such as menstrual cycle vari-
ations may have threatened conclusions in the study.

Overall, studies assessing performance in ~1 h simulated 
cycling time trial have found controversial results as well. 

For example, Isopoglou et al.70 found no CHO dose–response 
relationship effects in exercise performance investigating 
4%, 6%, and 8% CHO content. Accordingly, Devenney 
et al.87 showed that CHO mouth rinse increased performance 
regardless of concentrations of 6% and 12%. Recently, James 
et al.85 also found that cyclists rinsing their mouth with 7% 
and 14% CHO solution enhanced the ~1 h cycling time trial 
performance by ~3.5% irrespective of the different CHO 
concentrations. As previously pointed out to other studies, 
the inclusion of untrained and inexperienced cyclists together 
with inadequate familiarization sessions may have biased 
some of these results. Hence, future studies with straightfor-
ward design and methodology are still necessary to unravel 
this issue.

Temperature of the CHO Solution

Other potential confounding factor includes the temperature 
of the CHO solution, as this may affect performance mainly 
if the exercise is performed in hot and humid environments. 
Theoretically, CHO mouth rinsing solutions at low tempera-
tures might confer a competitive advantage by providing a 
pleasant sensation, decreasing the perception of effort, and 
increasing the chances of maintaining adequate activation 
of the neural drive to the muscles.89 In fact, studies investi-
gating the effects of the temperature of sports drinks support 
the notion of a core temperature modulation and endurance 
performance improvement after the ingestion of sports 
drinks at low temperatures during prolonged exercises in 
hot environments.90,91 Therefore, one may hypothesize that 
the CHO solutions offered in lower temperatures could pro-
vide eventual beneficial CHO mouth rinse effects in perfor-
mance, mainly if the exercise is performed in environments 
with challenging temperatures. However, this hypothesis 
has not been explored yet, and future studies are required to 
clarify this.

Potential Placebo Effects on the CHO 
Mouth Rinse Ergogenic Aid

The placebo effect has been neglected as a possible con-
founding factor of studies pertaining the CHO mouth rinse 
ergogenic effects. Placebo effect is a complex phenomenon 
triggered by psychosocial factors related to inert substance-
derived positive outcomes due to the expectation of benefi-
cial effects, thereby possibly altering motor performance 
and associated responses.92 Although the mechanisms 
underlying the ergogenic placebo effect are not fully eluci-
dated, it has been suggested that they involve endogenous 
opioids and reward-related dopaminergic system that result 
in decreased pain and augmented corticospinal facilita-
tion.93,94 Given the fact that placebo-induced cerebral 
changes share similar routes of CHO mouth rinse-induced 
cerebral changes14,58 such as the reward-system circuitry 
activation,14,95 one may argue that potential placebo effects 
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can have contributed to controversial results in the CHO 
mouth rinse literature.

Concerns involving potential placebo effects have been 
highlighted in sports nutrition fields.96,97 Most CHO mouth 
rinse studies have used either single- or double-blind designs 
controlled by a placebo.98 However, the use of a single pla-
cebo as control without including baseline trials has been 
challenged,99,100 as the expectation of a beneficial effect 
when ingesting a placebo may change the participants’ moti-
vation and potentiate performance.97,101 Hence, CHO mouth 
rinse studies using single- or double-blinded designs may 
have observed an additive placebo effect to the CHO mouth 
rinse effect on exercise performance outcomes. We argue 
that the use of a double-control design including a baseline 
trial together with a placebo trial58,102 is necessary to deter-
mine the magnitude of a potential CHO mouth rinse placebo 
effect, thus accurately assessing the true CHO mouth rinse 
effects in performance. Discussions in sports nutrition fields 
including caffeine supplementation have suggested similar 
approach,24 so we suggest that it is time to do the same in the 
CHO mouth rinse literature.

Furthermore, the substance used to mimic the CHO solu-
tion has challenged the adequate control by placebo. Studies 
have employed artificial sweeteners or water as a placebo 
of the CHO solution,19 so that the effectiveness in blinding 
participants from the true CHO solution is a challenge. It is 
important to point out that an unsuccessful blinding pro-
cedure may lead participants to correctly guess the true allo-
cation of CHO and placebo substances, adding bias in 
experimental procedures and influencing the beneficial CHO 
mouth rinse effects in exercise performance. Likewise, the 
unsuccess to adequately blind participants from true placebo 
trials may negatively influence the exercise performance 
(i.e., nocebo effect) and add bias. Hence, future studies 
should improve the experimental procedures to obtain place-
bos that adequately mimic the true CHO solutions, thus 
reducing the risk of bias in CHO mouth rinse investigations. 
First, the application of specific surveys103,104 to check the 
blinding efficacy may help researchers to monitor the pla-
cebo-blinding efficacy. However, given that the taste itself 
can be ergogenic and elicit a placebo effect,105 CHO mouth 
rinse studies should also make efforts to design a straightfor-
ward methodology to separate CHO mouth rinse effects 
from placebo effects. For example, in contrast to traditional 
randomized clinical trials, the use of CHO-perceived pla-
cebo designs may be an alternative to investigate CHO 
mouth rinse effects on exercise performance while minimiz-
ing potential placebo effects, given that comparable cortical 
responses between CHO and placebo solutions have been 
found regardless of performance responses.58 This design 
makes possible to control for the individuals’ expectancies 
regarding the CHO solution, as the participants’ expectation 
in placebo trial is driven toward the CHO solution106,107 so 
that eventual differences between CHO and placebo mouth 
rinse can be attributed to the true active substance.15,108

Summary of Concerns and Future 
Directions

Despite several studies supporting the notion that CHO 
mouth rinse is a strategy capable of improving exercise per-
formance, confounding factors may have introduced bias in 
the CHO mouth rinse literature. Future studies aiming at 
CHO mouth rinse effects in exercise performance are sug-
gested to design straightforward methodologies to manage 
factors such as sample size and sample homogeneity, ade-
quate familiarization trials, and the use of alternative placebo 
designs to provide unbiased evidence regarding the role of 
the exercise mode, feeding state, CHO solution concentra-
tion, mouth rinse duration, and temperature of the CHO solu-
tion as confounding factors. The use of CHO mouth rinses 
instead of CHO ingestion as a strategy to improve exercise 
performance is promising, as it has the advantage of induc-
ing no gastrointestinal discomfort. Hence, CHO mouth rinse 
may be considered as a useful and applicable ergogenic strat-
egy for athletes and exercise practitioners in sports scenar-
ios. However, given that most evidence has been obtained in 
laboratory performance tests, future studies are also required 
to expand these results to real-world settings.
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