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Abstract

Background Carbohydrates are an important fuel for optimal exercise performance during moderate- and high-intensity
exercise; however, carbohydrate ingestion during high-intensity exercise may cause gastrointestinal upset. A carbohydrate
oral rinse is an alternative method to improve exercise performance in moderate- to high-intensity exercise with a dura-
tion of 30—75 min. This is the first systematic review and meta-analysis to comprehensively examine the isolated effect of
maltodextrin-based rinsing on exercise performance.

Objective The objective of this review was to establish the effect of a maltodextrin-based carbohydrate oral rinse on exercise
performance across various modes of exercise. Furthermore, a secondary objective was to determine the effects of modera-
tors [(1) participant characteristics; (2) oral rinse protocols; (3) exercise protocol (i.e. cycling, running etc.) and (4) fasting]
on exercise performance while using a maltodextrin-based, carbohydrate oral rinse.

Methods Five databases (MEDLINE, PsycINFO, Embase, SPORTDiscus and Global Health) were systematically searched
for articles up to March 2021 and screened using Covidence (a systematic review management tool). A random effects robust
meta-analysis and subgroup analyses were performed using Stata Statistical Software: Release 16.

Results Thirty-five articles met the inclusion criteria and were included in the systematic review; 34 of these articles were
included in the meta-analysis. When using a conventional meta-analytic approach, overall, a carbohydrate oral rinse improved
exercise performance in comparison with a placebo (SMD = 0.15, 95% CI1 0.04, 0.27; p=0.01). Furthermore, when imple-
menting an adjusted, conservative, random effects meta-regression model using robust variance estimation, overall, compared
with placebo, a carbohydrate oral rinse demonstrated evidence of improving exercise performance with a small effect size
(SMD =0.17,95% CI-0.01, 0.34; p=0.051).

Conclusion This systematic review and meta-analysis demonstrates that a maltodextrin-based carbohydrate oral rinse can
improve exercise performance. When comparing the two meta-analytic approaches, although non-significant, the more
robust, adjusted, random effects meta-regression model demonstrated some evidence of a maltodextrin-based carbohydrate
oral rinse improving exercise performance overall.

1 Introduction ingesting a glucose polymer solution and glucose infusion

in comparison with a placebo [3]. Currently, it is standard
practice for individuals to ingest carbohydrates prior to or
during sustained high intensity or endurance exercise [5—8].
Based on literature by Burke et al. [9], the American Col-
lege of Sports Medicine (ACSM) recommends the total daily
intake of 5—7 g per kilogram per day of carbohydrates for a

In the 1920s, it was recognised that carbohydrates were a
crucial fuel source for exercise [1] with improved exercise
capacity and general exercise performance being linked to
carbohydrate consumption [2]. In subsequent research, it
was demonstrated that a glucose polymer solution improved

exercise capacity during cycling time to exhaustion tests
compared with a placebo solution [3, 4]. Similar findings
indicated that time to fatigue was significantly longer after
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moderate daily exercise programme (i.e. ~ 1 h/day); which
can be ingested either prior to exercise, during exercise or
in recovery from a previous exercise session [9-11]. The
ACSM details further recommendations for acute fuelling
strategies for carbohydrate loading, pre-event fuelling and
for during brief exercise (<45 min), sustained high-intensity
exercise (i.e. 45-75 min) and endurance exercise (1-2.5 h).
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According to the robust, meta-regression model, a
maltodextrin-based carbohydrate oral rinse shows some
evidence of improving exercise performance.

According to a conventional meta-analytic approach,
rinsing a maltodextrin-based carbohydrate oral rinse for
10 s with a concentration between 6 and 6.5% is effective
at improving exercise performance.

During sustained high-intensity exercise, it is currently rec-
ommended that small amounts of carbohydrates be ingested
(including mouth rinsing) for optimal carbohydrate intake,
whereas during endurance exercise, it is recommended that
30-60 g of carbohydrates be ingested per hour [9, 10]. A
potential disadvantage associated with carbohydrate inges-
tion, however, is the possible occurrence of gastrointestinal
discomfort [6, 12-15], which can subsequently negatively
affect exercise performance [16—18].

An alternative method to utilise carbohydrates during
exercise is a carbohydrate oral rinse. Previous research
indicates that a maltodextrin rinse comprising of a 6-6.4%
maltodextrin-based solution [19-21] during moderate- to
high-intensity exercise with a time span ranging from 30
to 75 min can facilitate improvements in exercise [6, 8].
The exact mechanism that facilitates improvements in exer-
cise performance after a carbohydrate oral rinse remains
unknown. It is proposed that alterations in exercise per-
formance may be influenced by a ‘Central Governor’
mechanism to maintain homeostasis during exercise [22].
The ‘Central Governor’ is thought to modify power output
through the use of afferent signals from peripheral physi-
ological receptors and systems that detect changes in the
external and internal environment [22]. Therefore, it could
be interpreted that during exercise, the positive central
responses to a carbohydrate oral rinse could possibly coun-
teract the negative physical, metabolic and thermal afferent
signals [23]. An alternative theory is that improved exer-
cise performance is a result of enhanced brain activation
in higher brain regions. It is thought that these higher brain
regions link the corresponding cognitive, behavioural and
emotional response and the gustatory pathways [24, 25].
Furthermore, these regions have been found to be activated
by oral exposure to carbohydrates but not by non-nutritive
sweeteners [19, 26, 27], which may assist in explaining
the positive effects of carbohydrate rinsing on exercise
performance.

Carter et al. [28] first investigated the effects of a car-
bohydrate oral rinse on performance during a cycling time

trial. During the time trial, participants were instructed to
complete a certain amount of work (kJ) as quickly as pos-
sible. This amount of work was based on a formula includ-
ing each participant’s maximum power output value (W,,,.)
[28]. During the time trial either a 6.4% (w/v) maltodextrin
or water (placebo) sample was rinsed in the mouth for 5
s prior to expectoration. With the carbohydrate oral rinse,
performance time was significantly faster (2.9%) in com-
parison with the water rinse (placebo) [28]. Additionally,
improvements in exercise performance after an oral carbo-
hydrate rinse in comparison with a placebo rinse have been
found with cycling [29-33], running [34-37] and resistance
exercise [38]. In contrast, some studies have reported no
significant improvements in exercise performance [39-46].
This lack of significant improvements may be due to the
study design (i.e. mode of exercise, concentration and/or
composition of the rinse and rinsing duration) or lack of
statistical power to detect changes. Due to the inconsistent
results in the pool of literature, further analysis is required to
investigate if a maltodextrin-based oral rinse does improve
exercise performance.

Furthermore, research in this area has also discussed a
possible placebo effect in conjunction with carbohydrate oral
rinsing. As previous research has demonstrated that placebo
effects may have a significant impact on physical perfor-
mance [47], it is common practice for at least two oral rinses
to be trialled: a carbohydrate oral rinse and a placebo oral
rinse [28, 29]. To minimise possible placebo effects between
the rinsing conditions, previous research has also blinded
participants to the composition of the rinses and also to the
true objective of the experiment [45].

Previous reviews have focused on the effects of carbohy-
drate oral rinsing on exercise performance across running
and cycling performance [48], cycling performance [49] and
sprinting performance [50], and carbohydrate oral rinsing
alongside ingestion and loading on exercise performance
[51]. However, no reviews have specifically discussed the
intricacies of the maltodextrin used in the carbohydrate oral
rinse. Maltodextrin is a variable starch-based structure [52]
that is a widely used product in foods and food manufactur-
ing [53]. Maltodextrin can vary depending on its physical
and chemical properties, which can in turn affect the overall
flavour and appearance [54]. Additionally, as maltodextrin
can vary widely in terms of structure and origin, these may
be important factors to investigate as this variation may
impact exercise performance. For example, starches are
composed of two types of glucose polymers: amylose and
amylopectin [55]. The ratio between amylose and amylopec-
tin can affect the physical properties of starches including
their retrogradation tendencies, viscosity and pasting prop-
erties [56-58]. Other important structural factors include
dextrose equivalent (DE) and degree of polymerisation (DP).
For example, a shorter-chain maltodextrin has a higher DE
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and lower DP and therefore has a sweeter taste in compari-
son with a longer-chain maltodextrin [54]. The origin of the
maltodextrin may also be an important factor to consider as
maltodextrin can be made from corn, rice, manioc, oat or
potato starch [59]. Depending on the source of the starch,
the ratio of amylose to amylopectin changes. For example,
high-amylose corn starch has an amylose content of 50-70%,
whereas potato, tapioca and wheat starches have an amylose
content close to 20% [58]. Without reporting on the type of
maltodextrin used in the carbohydrate oral rinse, the infor-
mation concerning origin and structure is unknown, poten-
tially prohibiting informed observations and mechanistic
insights. Furthermore, oral rinse protocol (concentration
and duration) is an important factor to investigate as dose
response or time/duration response with a carbohydrate oral
rinse and exercise performance response may exist. Exercise
protocol, fasting and participant characteristics are addi-
tional factors that can also vary across the literature and are
important to investigate as there may be an optimum level or
conditions at which exercise performance can be improved.
The primary aim of this systematic review and meta-analysis
is to comprehensively examine the isolated effect of malto-
dextrin-based rinsing on exercise performance. Furthermore,
the secondary aim of this review is to investigate the effect
of the concentration and composition of the rinse, duration
of the rinse and the impact of participant characteristics (i.e.
sex), fasting and exercise protocol on exercise performance.

2 Methods

The systematic review and meta-analysis was completed
according the Cochrane Handbook for Systematic Reviews
of Interventions [60] and following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement [61].

2.1 Eligibility Criteria

For this systematic review and meta-analysis, studies were
included if they met the following inclusion criteria: (1)
investigated the effect of a maltodextrin oral rinse on exer-
cise performance; (2) randomised, blinded counterbalanced
or crossover, control or placebo study design; (3) a malto-
dextrin-based carbohydrate oral rinse with a concentration of
no less than 6% being rinsed for a minimum of 5 s (based on
existing literature in the area [28, 49]); (4) original research
articles and (5) human participants. Studies were excluded
if they (1) did not use maltodextrin in the oral rinse; (2)
involved any ingestion of the maltodextrin rinse; (3) were
not original research articles (i.e. conference abstracts,
review articles); (4) were not written in English and (5) did
not have sufficient methodological information to allow a

check of the inclusion criteria. The search included articles
that were published up to and including February 2021.

2.2 Data Sources and Search

Initially, a small test search using the chosen search terms
was conducted to determine the efficacy of the search terms.
After the test search confirmed the search strategy was effec-
tive, the search terms were finalised. Five separate databases
(MEDLINE, PsycINFO, Embase, SPORTDiscus and Global
Health) were searched and this was performed initially in
June 2020 and updated in March 2021. The following terms
were used in the search: Carbohydrate OR CHO OR Carbo-
hydrates AND Oral Rinse OR Oral Rinsing OR Mouth Rins-
ing OR Mouth Rinse OR Rinsing OR Rinse OR Mouth Wash
AND Exercise Performance OR Performance OR Exercise
OR Cycling OR Running OR Sprinting OR Resistance.
This search strategy yielded 527 publications. The hand
searching technique, which involved searching reference lists
of included studies and review articles for relevant studies,
found a further ten studies. From the pool of included stud-
ies, 288 duplicates were removed which resulted in 239
studies for screening. After screening, a total of 35 studies
were included for data extraction and analysis for the sys-
tematic review and of these 35 studies, a total of 34 studies
were included in the meta-analysis. No relevant studies were
found within grey literature. The process of study selection
and screening is summarised in a PRISMA flow diagram

(Fig. 1).
2.3 Study Selection and Data Collection

The studies were imported into a systematic review manage-
ment tool (Covidence, Veritas Health Innovation, Victoria,
Australia) to complete the screening process. The titles,
abstracts and full texts of the studies were reviewed sepa-
rately to check for eligibility criteria. The screening pro-
cess for abstract screening and full-text screening was com-
pleted by three separate reviewers. Screening conflicts were
resolved through discussion between the three independent
reviewers until a conclusion was reached. Data extraction for
the included studies focused on (1) title, year of publication,
type of publication and (2) methods and design of the study,
participants selected (sample size, sex and age of partici-
pants), intervention (composition and concentration of oral
rinse), type of exercise performed and outcome measures
(i.e. distance covered in the trial [m], time to complete the
trial [s], power output [W], speed [km/h]). As the major-
ity of studies reported results as mean + standard deviation,
studies that reported mean + standard error were converted
to mean =+ standard deviation for consistency. If additional
information was required from a study for data extraction,
the corresponding author was contacted. On the occasion
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Fig.1 PRISMA flow diagram [62]

where this further information was unable to be obtained,
that study was excluded from the meta-analysis.

2.4 Quality Assessment

This quality assessment was completed using a modified
version of the Quality Criteria Checklist: Primary Research
[63] and previously published formatting [64]. One author
(C.H.) performed the quality assessment and a second
author (R.S.J.K.) independently cross-checked the quality

assessment. Any disagreements were discussed and resolved
between the two authors.

2.5 Risk of Bias Assessment

A risk of bias assessment was conducted with the studies
that were included in the meta-analysis according to the
Cochrane Collaboration’s recommendation for systematic
reviews [65]. The categories for assessment included (1) ran-
dom sequence generation (selection bias); (2) blinding of
participants and personnel (performance bias); (3) blinding
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of outcome assessment (detection bias); (4) incomplete out-
come data (attrition bias) and (5) selective reporting (report-
ing bias). Each category was assessed and assigned either
a low risk of bias, high risk of bias or unclear risk of bias.
One author (C.H.) performed the risk of bias assessment and
a second author (R.S.J.K.) independently cross-checked the
risk of bias assessment. Any disagreements were discussed
and resolved between the two authors.

2.6 Statistical Analysis

The data extraction process for the meta-analysis focused
on primary performance-based outcomes (refer to Table 1
for a complete list). Outcomes that were not deemed to be
performance based were excluded from the meta-analysis
data set. Studies with multiple results for a single perfor-
mance outcome (i.e. maximal speed: sprint 1, sprint 2, sprint
3 etc.) were collapsed and averaged together prior to the
meta-analysis. From the 34 included articles, the data col-
lection process resulted in 58 data points for analysis.

2.6.1 Conventional Meta-Analytic Method—Standardised
Mean Differences (SMD)

The effects of oral rinsing were analysed in terms of means
and standard deviations comparing CHO and placebo
(PLA) treatments at the end of the study time. Thus, the
standardised mean difference (SMD) was calculated using
the Hedges’ g method for each individual effect (CHO vs
PLA) reported in each study. The Hedges’ g method was
adjusted using exact computation for the bias-correction
factor and Hedges and Oikin were used for standard error
for each individual effect size. Conventional meta-analytic
techniques rely on the assumption that effect size estimates
from different studies are independent and have sampling
distributions with known conditional variances [66, 67]. Ini-
tially, a conventional random effects (restricted maximum
likelihood) meta-analysis model was used to compare the
carbohydrate-based oral rinse and placebo rinse conditions.
However, this conventional approach was unable to account
for the multiple dependent effect sizes (SMDs) from each
article included within the current review.

2.6.2 Robust Variance Estimation (RVE) Meta-Regression

Subsequently, a random effects meta-regression model using
robust variance estimation [67] was used to compare the
overall effect of a carbohydrate-based oral rinse on exer-
cise performance. This model technique provides a robust
method for estimating standard errors in a meta-regression,
particularly when there are dependent effects as was the case
in this review. This meta-regression technique was used as

a constant-only model and compared with the conventional
pairwise meta-analytic method used earlier.

2.6.3 Moderators

To explore the effects of moderators, a subgroup analysis
was performed on the following moderators: (1) participant
characteristics; (2) oral rinse protocols; (3) exercise protocol
(i.e. cycling, running etc.) and (4) fasting. Heterogeneity
was assessed initially using the /* statistic and a value over
50% was deemed to represent substantial heterogeneity [60].

2.6.4 Conventional Subgroup Meta-Analysis and a More
Robust Variance Approach

Similar issues of dependence within subgroups arose, so
initially, conventional techniques to explore the potential sta-
tistical heterogeneity of the subgroups were used. Random
effects meta-regression models using robust variance estima-
tion were then applied to explore the moderators separately.
A sensitivity analysis for categorical moderator variables
was conducted for groups with less than four studies, by
removing the group from the analysis. With fewer than four
studies, the small sample adjustments are deemed inaccurate
and hence could not be done with this modelling approach
[67].

All analyses were performed through the statistical analy-
sis software Stata (StataCorp 2019. Stata Statistical Soft-
ware: Release 16. College Station, TX, USA: StataCorp
LLC), with a significance level set at 5% (p <0.05). Stata
meta-analysis packages used were: meta (for conventional
pairwise and subgroup meta-analysis) and robumeta (ran-
dom effects meta-regression model using robust variance
estimation) [67] (https://onlinelibrary.wiley.com/doi/abs/10.
1002/jrsm.1091).

3 Results

3.1 Systematic Review Results

3.1.1 Search Results

In total, 35 studies were eligible for inclusion in the system-
atic review and 34 studies were eligible for inclusion in the
meta-analysis. The main results and characteristics from the
included studies are displayed in Table 1.

3.1.2 Characterisation of Participants

Across the studies, the sample size ranged from seven to 21

participants, totalling 444 participants. Of these 444 par-
ticipants, 380 were males and 64 were females. Of the total
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Table 1 Studies investigating the effect of a maltodextrin-based carbohydrate oral rinse on exercise performance

References Exercise pro-

tocol

Sample (1)

Training status Fast (h)

(s

Duration of
mouth rinse

Rinse composi-
tion/concentra-
tion (%)

Washout period  Performance outcomes

(mean +SD)

Statistical signifi-
cance

Andersson et al.  Arm cranking

(39]

Ataide-Silva
et al. [29]

Cycling TT

Bailey et al. [68] Isometric con-
tractions

Resistance
exercise

Bastos-Silva
etal. [69]

12
(males)

8
(males)

10
(5 males, 5
females)

12
(males)

Physically active ** 5

Physically active Fasted group: 12 10

Moderate to high ** 20
activity levels

Resistance wE 10
training for
2+ years

6.4% Maltodex-
trin

6.4% Maltodex-
trin

6.4% Maltodex-
trin and artifi-
cial sweeteners
and colouring

6.4% Maltodex-
trin and juice

7 days
Min 72 h, Max
7 days

Min 48 h

72h

Mean distance (km):
CHO: 123+1.4vs
PLA: 11.9+1.5

Time (min): CHO:
42.47+1.39 vs PLA:
4390+ 1.51

Immediately: motor
evoked poten-
tial (%): CHO:
18.28 +17.61 vs
PLA:-2.19+13.44;
Immediately: maximal
voluntary contrac-
tion (N-m) (%):
CHO: 7.66 +6.10 vs
PLA:—-3.24+4.74

After 10 min: motor
evoked poten-
tial (%): CHO:
31.54+40.38 vs
PLA:—13.41+23.59;
After 10 min: maximal
voluntary contrac-
tion (N-m) (%):
PLA: 10.18+4.74 vs
PLA:—6.46+7.02

Repetitions (leg press):
CHO: 13.5+4.8 vs
PLA11.5+4.4 vs
CON: 12.4+4.4;
training load volume
(kg) (leg press): CHO:
2006.7 +825.2 vs
PLA: 1712.5+£772.9
vs CON:
1817.1+672.6

No
(p=0.164)

Yes 1
(»p=0.009)

Yes 1
(»<0.05)

Yes 1
(»<0.05)

No
(»>0.05)
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Table 1 (continued)

References

Exercise pro-
tocol

Sample (1)

Training status

Fast (h)

Duration of
mouth rinse

(s

Rinse composi-
tion/concentra-
tion (%)

Washout period  Performance outcomes

(mean +SD)

Statistical signifi-
cance

Bavaresco
Gambassi et al.
[30]

Bazzucchi et al.

(2]

Beelen et al. [40]

Black et al. [70]

Carter et al. [28]

TTE cycling

Isometric con-
tractions

Cycling TT

Maximum
voluntary
contractions

Cycling TT

21
(males)

18
(Males)

14
(males)

13
(6 males, 7
females)

9
(7 males, 2
females)

Physically active,

non-cyclists

Moderately
active

Competi-
tive cyclists
(trained twice
per week)

Recreationally
active

Endurance-
trained athletes

3

Overnight

sk

4

10

10

20

6.4% Maltodex-
trin and lemon
flavouring

6.4% Maltodex-
trin

6.4% Maltodex-
trin

8% Maltodextrin
and artificial
sweetener

6.4% Maltodex-
trin

7 days

72h

Min 7 days

48-96 h

7 days

Repetitions (bench

press): CHO: 8.2+ 1.6

vs PLA: 7.1+2.4 vs
CON: 6.8 +1.8; train-
ing load volume (kg)
(bench press): CHO:
557.1+155.4 vs

PLA: 495.9+206.1 vs

CON: 476.1+173.3
Time (min): CHO:
70.9+30.3 vs PLA:
57.4+30.6 vs CON:
43.0+27.5

Total work (J): CHO:
4249 +780.65 vs
PLA: 3853+759.43
vs CON:
3729+602.45 vs
WAT: 3888 +759.43

Mean time (min): CHO:

68.14+4.27 vs PLA:
67.52 +3.74; mean
power output (W):
CHO: 265+ 18.71 vs
PLA: 266+ 18.71

Maximal voluntary con-

traction (N-m): CHO:
230490 vs PLA:
232 +90; voluntary
activation (%): CHO:
91.9+29 vs PLA:
91.5+3.8

Mean time (min): CHO:

59.57+4.50 vs PLA:
61.37 +4.68; mean
power output (W):
CHO: 259 +48 vs
PLA: 252+48

Yes, with CHO vs
CON only 1
(»=>0.05)

Yes 1
(»p<0.001)

Yes 1
(p=0.004)

No
(»>0.05)

No
(»>0.05)

Yes 1
(p<0.05)
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35 studies, the majority of included studies recruited only
male participants (n=28), while only two studies recruited
female participants. The remaining studies recruited both
males and females (n=>5).

3.1.3 Oral Rinse Protocols

Between the studies, there was a large variation in oral rinse
protocol. The duration of rinsing ranged from five to 40 s.
From the total 35 studies, the majority of studies rinsed for
either five (n=12) or 10 s (n =20). The majority used a con-
centration of 6.4% (n=19); however, across the studies, the
concentrations used varied between 6% (n=9), 6.5% (n=1),
8% (n=2),10% (n=3), 12% (n=1) and 18% (n=1). Further
information is shown in Table 1.

3.1.4 Origins of Maltodextrin

Twenty-two studies provided information on the type
of maltodextrin or the manufacturer that was used in the
research. Of all 35 studies, only a small number provided
specific information on the composition of the maltodextrin
(n=3). Refer to Table 2 for a detailed list of this informa-
tion. As highlighted previously, information concerning the
origin or structure of the maltodextrin should be discussed.
These are potentially confounding factors that could affect
the efficacy of the carbohydrate oral rinse and any associated
exercise performance improvements.

3.1.5 Exercise Protocol

The most common type of exercise protocol used in the
included studies was a cycling time trial (n=10). Time to
exhaustion (TTE) cycling test protocol (n=2) and a cycling
sprinting protocol (n=2) were also used. Multiple studies
used protocols involving running-based sprinting (n=4),
while studies also used protocols involving a running time
trial (n=2) and a TTE running test (n=1). The remaining
studies included resistance exercise (n=6), isometric con-
tractions (n =2), various exercises (i.e. 10-m running-based
sprint, countermovement jump height, isometric mid-thigh
pull peak force, repetitions [bench press and squat]) (n=2),
walking (n=1), arm cranking (n= 1), isometric knee flexion
(n=1) and maximum voluntary contractions (n=1).

3.1.6 Performance Outcomes

From the total of 35 studies that used a maltodextrin-based
oral rinse, a proportion of these studies found a statisti-
cally significant improvement in exercise performance
(n=19), while the remaining studies found no significant
improvements (n=16). Across the studies, the most fre-
quently reported performance outcomes were specific to

Table 2 Origins of maltodextrin used in the included studies

Study

Origin of maltodextrin

Andersson et al. [39]
Ataide-Silva et al. [29]
Bailey et al. [68]
Bastos-Silva et al. [69]

Bavaresco Gambassi et al.
[30]

Bazzucchi et al. [2]
Beelen et al. [40]
Black et al. [70]
Carter et al. [28]
Chambers et al. [19]
Cherif et al. [41]
Chong et al. [42]

Clarke et al. [71]

Clarke et al. [72]

Clarke et al. [73]
Cramer et al. [74]

de Oliveira et al. [75]
Decimoni et al. [38]
Deighton et al. [76]
Dorling and Earnest [43]
Dunkin and Phillips [44]
Durkin et al. [77]

Fares and Kayser [31]
Gam et al. [45]

Green et al. [78]
Jeffers et al. [46]
Jensen et al. [79]

Lane et al. [32]
Phillips et al. [80]
Pribyslavska et al. [81]
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Rossato et al. [83]
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MyProtein, Northwich, UK
Neonutri-Malto, CHO

NS

NS

Athletica Nutrition, Matao, SP, Brazil

NS

AVEBE (Veendam, The Netherlands)
L.D. Carlson Co., Kent, OH, USA
NS

Roquette, France

SIS company, Nelson, UK

Polycose, Ross Laboratory, Columbus
OH

MyProtein, Manchester, UK
MyProtein, Manchester, UK
MyProtein, Cheshire, England, UK
NS

NS

Body Action, Brazil

NS

HighFive, Bardon, England

Bulk Powders TM, Colchester, UK
NS

NS

Polycose, Ross Nutrition, Columbus,
OH

Natural Foods Inc., Toledo, OH

NS

NS

NS

HighFive, Bardon, Leicestershire
Letco Medical, Decatur, AL
MuscleTalk, Northhamptonshire, UK
Health Labs, Belo Horizonte, Brazil
Home Brew Supply LLC, TX, USA
NS

Whitham and McKinney [86] 97% polysaccharide, 2% disaccharide,

1% glucose; Roquette, Corby, UK

NS not stated

time (including time to completion and time to exhaus-
tion) (n=21), power (n=12), repetitions (n="7), distance
(n=5) and countermovement jumps (n =4). Additional
performance outcomes included outcomes specific to speed
(n=3), maximal voluntary contractions (n=23), total exer-
cise volume (n =3), work (n=2), training load (n=2), pull
peak force (n= 1), motor evoked potential (n=1) and torque
(n=1). Table 1 presents further information concerning
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performance outcomes, participant training status and exer-
cise protocol.

3.1.7 Fasting

Of the 35 included studies, the majority of studies incorpo-
rated fasting into their protocol (n =24) while the remain-
ing studies did not specify if their participants exercised
in a fed or fasted state (n=11). Fasting times ranged from
90 min (n=1) to fasting overnight (approximately 8—12 h)
(n=16). For a small portion of the studies, the fasting dura-
tion was <5 h (n=38), while for the majority of studies, the
fasting duration was>5 h (n=16).

3.1.8 Washout Period

Of the 35 studies, the majority (n=34) included informa-
tion about a washout period in between trials. One study
did not include information concerning washout periods and
the author was contacted for further information, with no
response received. The shortest reported washout period was
24 h (n=1) and the longest washout period was 7-9 days
(n=1). The most common washout period was 7 days
(n=9). Table 1 presents more detailed information.

3.1.9 Quality Assessment

All studies clearly reported the intervention and outcomes
of their research. Of the 35 included studies, only eight
sufficiently reported inclusion and exclusion criteria for
their participant groups. Thirty-four studies reported par-
ticipant demographic information and all studies (n=235)
included a representative population. The majority of stud-
ies (n=34) sufficiently described the methods and protocol
used throughout data collection. Twenty-three of the studies
described the setting of data collection (e.g. a laboratory-
based setting). Most studies disclosed information concern-
ing randomisation (n=28), double blinding (n=24) or sin-
gle blinding (n=34) in their methodology. The majority of
studies (n=29) were based on valid research methods and
referenced the original research. All studies (n=35) used
consistent measurements and discussed the findings of their
research. None of the studies stated participant withdrawals
hence no reasons for withdrawals were stated. Seventeen
studies discussed biases or limitations of their research. Any
potential conflicts of interest were disclosed by 19 of the
studies and one paper partially did so. Results of the meth-
odological quality assessment of the studies is presented in
Online Resource 1 (see Electronic Supplementary Material
[ESM]).

3.2 Meta-Analysis Results

The initial conventional pairwise meta-analysis results
showed that the carbohydrate oral rinse increased exercise
performance significantly when compared with the placebo
rinse condition (SMD = 0.15, 95% C1 0.04, 0.27; p=0.01).
However, from this analysis, moderate heterogeneity was
observed (I =20.70%, Tau>=0.04, Chi’>=83.92, df=57,
p=0.01) and as this approach assumes independence
between each data point, this approach was not appropriate.
To overcome this issue, a random effect robust meta-analysis
model was used to compare the overall effect of carbohy-
drate rinsing on exercise performance. This more conserva-
tive adjusted model demonstrated that there was evidence of
the carbohydrate oral rinse improving exercise performance
in comparison with a placebo oral rinse (SMD = 0.17, 95%
CI-0.01, 0.34; p=0.051). However, the model adjustment
to the standard errors resulted in a wider, more conservative
95% confidence interval and p-value (towards the null).

3.3 Subgroup Analysis Results—Conventional
Subgroup Meta-Analysis

3.3.1 Characterisation of Participants

For the individual groups of male participants (n=47)
(SMD = 0.11, 95% CI—0.004, 0.23; p=0.058), female
participants (n=4) (SMD = 0.12, 95% CI-0.27, 0.51;
p=0.546) and combined (male and female participants)
(n=7) (SMD = 0.79, 95% CI-0.20, 1.77; p=0.119), the
mean effect size for these groups was not statistically signifi-
cant at the 5% level (Fig. 2). The combined group showed
some unexplained between-study heterogeneity with esti-
mated /% of 90.98% within this subgrouping.

3.3.2 Oral Rinse Protocols—Rinsing Duration

For the individual groups of rinsing for 5 s (n=17) (SMD =
0.01, 95% CI-0.19, 0.21; p=0.932), 7.5 s (n=1) (SMD
= 0.28, 95% CI-0.47, 1.03; p=0.461), 12.5 s (n=3)
(SMD = -0.07, 95% CI-0.53, 0.40; p=0.774), 20 s
(n=2) (SMD = 1.12,95% CI-1.19, 3.42; p=0.342) and
40s (n=1) (SMD =-0.06, 95% CI—-0.78, 0.66; p=0.864),
the mean effect size was not statistically significant (Fig. 2).
For the individual group of rinsing for 10 s (n=34)
(SMD = 0.22, 95% CI 0.05, 0.39; p=0.013), the mean
effect size for this group was statistically significant at the
5% level. For this analysis, articles that provided a range for
rinsing duration (e.g. 10-15 s), a middle point between the
range was used for the analysis. Furthermore, for articles
that provided an approximate rinsing time (i.e.~5 s), a value
of 4.9 s was used in the analysis.
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3.3.3 Oral Rinse Protocols—Rinse Concentration

For the individual groups of rinse concentration of 6-6.5%
(group 1) and 8-18% (group 2), the mean effect size for
group 1 (n=46) (SMD =0.15, 95% C1 0.02, 0.29; p=0.027)
was statistically significant at the 5% level while the
mean effect size for group 2 (n=12) (SMD = 0.16, 95%
CI-0.07,0.39; p=0.167) was not statistically significant at
the 5% level (Fig. 2). The variable of ungrouped, individual
rinse concentrations was examined in a continuous format
which is available in Online Resource 2 (see ESM).

3.3.4 Exercise Protocol

For the individual groups of arm cranking (n=1) (SMD =
0.27,95% CI—0.51, 1.04), cycling (n=18) (SMD = 0.07,
95% CI—0.13, 0.26), isometric contractions (n=4) (SMD
= 0.58, 95% CI-0.49, 1.67), resistance exercise (n=15)
(SMD = 0.15, 95% CI—0.04, 0.35), running (n=17)
(SMD = 0.22, 95% CI-0.12, 0.55), maximum voluntary

contractions (n=1) (SMD= —0.02, 95% CI-0.77, 0.72)
and countermovement vertical jump (n=2) (SMD = 0.01,
95% CI—0.55, 0.57), the mean effect size for these groups
was not statistically significant at the 5% level. The isomet-
ric contractions group and running group show some unex-
plained between-study heterogeneity with estimated /> of
86.16% and 64.84%, respectively.

3.3.5 Fasting

For the individual groups of no fasting (n=20) (SMD
= 0.15, 95% CI-0.03, 0.33; p=0.110), fasting for<5 h
(n=13) (SMD = 0.20, 95% CI-0.02, 0.42; p=0.070) and
fasting for>5h (n=25) (SMD = 0.15, 95% CI-0.08, 0.38;
p=0.211), the mean effect size for these groups was not
statistically significant at the 5% level (Fig. 2). The group
of fasting for > 5 h shows some unexplained between-study
heterogeneity with estimated I* of 71.05%.
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3.4 Subgroup Analysis Results—Meta-Regression
Model with Robust Variance Estimation

3.4.1 Characterisation of Participants

There was no significant difference at the 5% level when
comparing the individual group of male participants with
female participants (difference between SMDs = 0.17,95%
CI-2.75, 3.08; p=0.68) or the combination of male and
female participants (difference between SMDs = 0.42, 95%
CI-0.98, 1.82; p=0.48). All data points (n=58) were
included in this analysis.

3.4.2 Oral Rinse Protocols—Rinsing Duration

There was no significant difference at the 5% level when
comparing the individual group of rinsing for 5 s with
rinsing for 10 s (difference between SMDs = 0.19, 95%
CI-0.07, 0.45; p=0.15). In a sensitivity analysis, only 51
data points were included in the meta-regression analysis
as small sample adjustments could not be done with groups
with fewer than four.

3.4.3 Oral Rinse Protocols—Rinse Concentration

There was no significant difference at the 5% level with
group 1 (6-6.5%) compared with group 2 (8-18%) (dif-
ference between SMDs= —0.07, 95% CI—-0.36, 0.22;
p=0.58). All data points were included in this analysis.

3.4.4 Exercise Protocol

There was no significant difference at the 5% level when
comparing the individual group of cycling with isomet-
ric contractions (difference between SMDs = 0.52, 95%
CI-1.15, 2.19; p=0.42), resistance exercise (difference
between SMDs = 0.09, 95% CI—0.30, 0.48; p=0.62) or run-
ning (difference between SMDs = 0.17, 95% CI—0.35, 0.69;
p=0.49). In a sensitivity analysis, only 54 data points were
included in the meta-regression analysis as small sample
adjustments could not be done with groups with fewer than
four.

3.4.5 Fasting

There was no significant difference at the 5% level when
comparing the individual group of no fasting with fasting
group 1 (<5 h) (difference between SMDs= —0.04, 95%
CI-0.42, 0.33; p=0.81) or fasting group 2 (>5 h) (dif-
ference between SMDs= —0.11, 95% CI—-0.55, 0.34;
p=0.62). All data points were included in this analysis.

3.5 Risk of Bias Assessment Results

Overall, of the 34 total studies (58 data points) included in
this meta-analysis, all demonstrated a high level of evidence.
The majority of studies reported using random sequence
generation (n=28) and all studies scored a low risk of bias
in the categories of incomplete data (n=34) and selective
reporting (n=34). A proportion of studies had a single-
blinded study design (n=10) and therefore scored an unclear
risk of bias for that category. Furthermore, for the category
of detection bias, all studies (n=234) scored an unclear risk
of bias. Results of the risk of bias assessment of the studies
is presented in Online Resource 3 (see ESM).

4 Discussion

The purpose of this systematic review and meta-analysis
was to investigate the published data examining the effects
of a maltodextrin-based, carbohydrate oral rinse on exercise
performance. This is the first review to examine the effects
of a maltodextrin-based oral rinse on exercise performance
and additionally to account for the issue of multiple data
points from selected studies when performing the analysis.
The key findings from this review were that evidence from
the adjusted, random effects meta-regression approach sug-
gests that a maltodextrin-based, carbohydrate oral rinse may
cause improvements in exercise performance. Although the
conventional meta-analytic approach demonstrated that oral
rinsing with a 6-6.5% maltodextrin-based, carbohydrate oral
rinse for 10 s was the most effective at improving exercise
performance, this approach was deemed to be inaccurate.
The systematic review and meta-analysis published by
Brietzke et al. [49] examined the effects of carbohydrate
rinsing on cycling time trial performance. Brietzke et al. [49]
found that during a cycling time trial, a carbohydrate oral
rinse improved mean power output but not the time to com-
pletion. However, a limitation exists with the meta-analyses
that were performed in this review. In these analyses, mul-
tiple data points from three separate studies were included
and this was not considered when performing a standard
random effects model for the analysis. Similarly, the sys-
tematic review and meta-analysis from Pochmuller et al.
[51] examined the effects of carbohydrate supplementation
on performance trials. Pochmuller et al. [51] found that for
trained male cyclists, there may be benefits to ingesting car-
bohydrates in a concentration of 6-8% prior to and/or dur-
ing exercise longer than 90 min. To yield more homogene-
ous study designs, the data was divided into four groups for
analysis. However, within these groups, multiple data points
from studies were used in the analysis, which was not taken
into account or adjusted for. Subsequently, this may have
resulted in the analyses being inaccurate or too imprecise.
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4.1 Characterisation of Participants

According to the conventional meta-analytic method, there
is evidence that the moderator of sex contributed to an
improvement in exercise performance. Of the groups in the
meta-analysis, only the male participant group was close
to reaching significance. The results may be due to con-
founding factors that were independent of carbohydrate oral
rinsing. Differences between males and female participants
were not accounted for. However, according to the adjusted,
conservative, meta-regression model using robust variance
estimation, there was no indication that the moderator of
sex contributes to an improvement in exercise performance
with carbohydrate oral rinsing. While the majority of studies
in this area recruit male participants, they are often classi-
fied as physically active or participate in moderate to high
levels of activity [2, 29, 30, 39, 40, 43]. Additional research
has recruited participants that either train competitively
or are experienced in that particular mode of exercise (i.e.
running and cycling) [32, 40, 42, 45, 46, 73] and this is a
potential reason for variation in the classification of par-
ticipants recruited in the studies. There are several advan-
tages of recruiting a specific sample group such as trained
or experienced runners for exercise testing such as a run-
ning time trial. One advantage is that the risk of injury for
the participant is lower. For example, novice runners have
the highest proportion of injury in comparison with more
experienced runners [8§7—-89]. Additionally, trained partici-
pants may provide more consistent data as they require fewer
familiarisation sessions prior to testing to decrease possible
learning effects and to achieve a higher level of reproduc-
ibility [90]. This is particularly imperative with exercise tests
such as a cycling time trial where self-pacing during the trial
is necessary.

4.2 Oral Rinse Protocols—Rinsing Duration

As demonstrated using the conventional meta-analytic
method, of the reported rinsing conditions, exposure of the
carbohydrate-based oral rinse in the oral cavity for 10 s was
statistically significant in improving exercise performance.
Conversely, according to the adjusted, conservative, meta-
regression model using robust variance estimation, duration
of exposure of the rinse in the oral cavity did not signifi-
cantly improve exercise performance.

The results from the conventional meta-analytic approach
is consistent with research undertaken by Sinclair et al.
[85] where the results of a 5-s and a 10-s rinse on exer-
cise performance were compared. The authors reported that
participants cycled further in the trial with a 10-s rinse in
comparison with the 5-s rinse trial. These findings suggest
a duration dose response for the carbohydrate oral rinse.
Studies that used longer rinse times of 20 s [68] and 60 s

[91] did find improvements in exercise performance com-
pared with a placebo rinse. However, it has been suggested
that longer rinse times may cause loss of attention and focus
while exercising, which can result in transient declines in
power output [45] and can also affect performance through
the impairment of breathing entrainment, which is defined
as the rhythm of breathing synchronised with the rhythm
of exercise [45]. Such a response could cause a reduction
of oxygen uptake for a certain workload [92, 93] and also
may allow for cyclists to reduce the energy costs of exercise
[93]. A limitation for this current conventional meta-analysis
approach was that the groups of 7.5 s, 20 s and 40 s had two
or fewer studies in the subgroup analyses, which can under-
power the analysis.

4.3 Oral Rinse Protocols—Rinse Concentration

The results from the conventional meta-analysis show that
when the data was divided into two groups (6-6.5% and
8-18%), of the two groups, only the concentration range
of 6-6.5% was found to be statistically significant. It is
possible that as the concentration of the rinses increases,
it reaches a point where little to no improvements to exer-
cise performance are evident, given that in studies using
higher concentrations (10% [41], 12% [73] and 18% [44]),
no improvements in exercise performance were evident. Fur-
ther, James et al. [21] reported performance improvements
with a 7% rinse; however, these results did not increase when
the concentration of the rinse was increased to 14%. How-
ever, according to the meta-regression model using robust
variance estimation, the moderator of rinse concentration
did not significantly improve exercise performance. These
inconsistent findings suggest that perhaps a combination of
factors (not purely rinse time or rinse concentration) may
elicit a performance improvement in exercise. In contrast,
research by Jensen et al. [79], Lane et al. [32] and Rollo
et al. [82] used 8%, 10% and 10% rinses, respectively, and
did find significant improvements in exercise performance
with a carbohydrate oral rinse in comparison with a placebo
rinse. A limitation for this current conventional meta-analy-
sis approach was that the group of 12% rinse concentration
had one study in the subgroup analysis, which can under-
power the analysis.

4.4 Exercise Protocol

The results from the conventional meta-analytic approach
demonstrate that the moderator of exercise protocol did not
significantly contribute to an exercise performance improve-
ment with a carbohydrate oral rinse. However, the specific
exercise protocol of cycling, resistance exercise and running
demonstrated some evidence of a performance improvement
and the inclusion of further original, independent studies in
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the current analysis may have resulted in a significant find-
ing. Furthermore, according to the adjusted, conservative,
meta-regression model using robust variance estimation, the
moderator of exercise protocol did not significantly impact
exercise performance improvement with a carbohydrate oral
rinse.

Across the literature, improvements in both power out-
put and performance time, associated with a carbohydrate
oral rinse, have been reported in various forms of exercise
including cycling [19, 28-33]. In cycling-based studies, time
trials [19, 29, 32, 40, 45, 46, 80], sprints [42, 84] and time
to exhaustion tests [30, 31] on a stationary cycle ergom-
eter were used. A potential explanation for the observed
improvements in cycling performance is the inclusion of
familiarisation sessions in some studies prior to commenc-
ing experimental testing [19, 28-30, 32, 40, 42, 45, 80, 84,
85]. The inclusion of familiarisation trials can increase reli-
ability and reduce the likelihood of learning effects [90],
implications that are particularly relevant to exercise tests
that require self-pacing by participants (e.g. time trials).
Across the studies included in this review, a small selection
of studies did not include information on familiarisation pro-
tocol [31, 38, 46, 69, 74, 77]. It is currently recommended
that for experienced participants, at least one familiarisation
trial is required for reproducibility of performance [94-97]
and to establish a stable pacing strategy [98].

Similarly, exercise performance improvements with car-
bohydrate oral rinsing have also been evident in running
[34-37]. In running-based studies, the mode of exercise
included sprints [41, 43, 82] and time trials [73, 86]. Unlike
cycling-based exercise tests, where tests are typically con-
ducted on a cycle ergometer, research methods in running-
based studies were mixed, using stationary treadmill running
[41, 83, 86] and self-paced running indoors [43, 72, 75, 81,
82] and outdoors [73]. Such variation in exercise protocols
can affect overall validity and reliability, and increase varia-
bility [99]. For example, laboratory-based running protocols
typically have a decreased level of ecological validity [100].
In comparison with self-paced running outside, the decision
to consciously control the speed of the treadmill does not
occur as often or as swiftly [101, 102]. Small but significant
differences also exist between running on a treadmill and
running on a track including variation in movement patterns,
ground surface and airstream [103].

Improvements in exercise performance associated with
carbohydrate oral rinsing have also been found in resistance
exercise protocols [38, 77, 78]. In resistance exercise-based
studies, the specific exercises included leg press, bench
press, military press, seated row and half-squat [38] and
bench press protocols [44, 78]. Oral rinsing with maltodex-
trin has also resulted in improvements in total workload vol-
ume during resistance-based exercises in comparison with a

placebo [38, 77]. However, this is in comparison with other
research using resistance-based exercise where no perfor-
mance improvements were evident with a carbohydrate oral
rinse [44].

Additionally, improvements in exercise performance
associated with carbohydrate oral rinsing have also been
demonstrated in protocols incorporating isometric contrac-
tions [68] and isometric knee extension [79]. Using isomet-
ric knee extension, Jensen et al. [79] reported a significant
decline in torque with a maltodextrin oral rinse in compari-
son with a placebo. Bailey et al. [68] demonstrated increases
in maximal voluntary contractions with a maltodextrin oral
rinse in comparison with a placebo. However, a limitation
across the existing literature is that the methods used do not
quantify effects on functional activities (e.g. squatting) [68].
Functional activities and training are more representative
of daily movement and general exercise movement patterns
[104]. One previous study used an arm cranking protocol
[39]. However, this study did not find significant differences
in distance (km) covered during a 30-min trial with a malto-
dextrin rinse when compared with a placebo. Furthermore,
the aforementioned studies that use resistance exercise, arm
cranking, isometric flexion, contraction and extension as
modes of exercise to examine the effects of a carbohydrate
oral rinse on exercise performance have limited applicability
to sport performance more broadly, or specific exercise clas-
sifications (e.g. endurance or sprint-based exercise). A limi-
tation for the current conventional meta-analysis approach
was that the groups of arm cranking, maximum voluntary
contractions and countermovement vertical jump had two or
fewer studies in the analysis, which can result in an under-
powered analysis for that group.

4.5 Fasting

From the results from the conventional meta-analytic
method, it was unclear as to the effect of fasting on exercise
performance with a carbohydrate oral rinse. All groups were
close to reaching significance. Furthermore, according to
the meta-regression model using robust variance estimation,
there were no significant effects of fasting on exercise perfor-
mance while using a carbohydrate oral rinse. These unclear
findings are reflected in the literature as it has not been con-
clusively determined whether exercising in the preprandial
or postprandial state contributes to a performance improve-
ment. Fares and Kayser reported improvements in cycling
performance time with a maltodextrin-based oral rinse in
comparison with a placebo in both preprandial (overnight
fasting) and postprandial states [31]. However, this finding
of exercise improvements in both the preprandial and pran-
dial state is in contrast with a large amount of literature in
the area. For example, Lane et al. [32] found greater power
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output during a cycling time trial with a maltodextrin oral
rinse (in comparison with a placebo) in a fasted state com-
pared with a fed state (3.4% vs 1.8% performance enhance-
ment, respectively). Exercising in a fasted state could pos-
sibly be necessary for a carbohydrate-based oral rinse to
improve exercise performance. These possible benefits of
the carbohydrate oral rinse may therefore be in part depend-
ant on endogenous carbohydrate (liver and glycogen) stores
[40]. However, other studies have reported no performance
improvements in a fed state in comparison with a fasted state
[40, 86]. Beelen et al. [40] reported no improvements in
performance time during a cycling time trial in a fed state
in comparison with a fasted state and Whitham and McKin-
ney [86] also found no increases in distance ran during a
45-min trial in a fed state in comparison with a fasted state
while using a maltodextrin oral rinse in comparison with a
placebo. Future research should aim to further investigate
the effects of fasting on exercise performance while using a
carbohydrate oral rinse.

4.6 Types of Maltodextrin

A limitation of the current research in the area is that the
type of maltodextrin each study used in the rinse is often not
specified. While most studies do include the manufacturer
information of the maltodextrin, few studies include specific
information on the composition of the maltodextrin [42, 45,
86]. Two of the studies included in the current review used
Polycose (a maltodextrin with a composition of 91% glu-
cose oligomers and polymers, 7% maltose and 2% glucose
[105]) [42, 45, 63] and one study used a maltodextrin with a
97% polysaccharide, 2% disaccharide and 1% glucose com-
position [86]. When such information is provided, further
observations can be made which might facilitate further
understanding as to how carbohydrate oral rinses improve
exercise performance. Without information on the malto-
dextrin origin (e.g. corn, rice, manioc, oat or potato starch)
and structure (amylose and amylopectin ratio, DE and DP),
it becomes difficult to make direct comparisons on the per-
formance improvements between studies as the various types
of maltodextrin may affect the overall effect of the carbohy-
drate oral rinse and, in turn, perhaps the findings and results
from each study. Future research should aim to specify the
composition of the maltodextrins (including information on
both DE and origin). Furthermore, more research may be
necessary to identify the optimal composition of maltodex-
trins to trigger the exercise performance increase when using
a carbohydrate oral rinse.

4.7 Limitations of Carbohydrate Oral Rinsing

One possible limitation of carbohydrate oral rinsing is the
risk of choking on the rinse during exercise; however, no

published research has discussed this risk. Furthermore,
research by Gam et al. [45] showed that the action of mouth
rinsing itself in a cycling time trial may result in impaired
exercise performance. Their findings show in a cycling time
trial that a water-based placebo rinse resulted in a 2.7%
increase in completion time compared with the no-rinse
control. They hypothesise that rinsing may cause a loss of
attention and ability to focus on the task while also impair-
ing breathing entrainment, which therefore resulted in tran-
sient declines in power output [45]. However, the addition
of carbohydrates to the mouth rinse was found to oppose this
decrease in performance associated with rinsing and may
provide additional benefits as opposed to not rinsing at all
[45]. These findings contrast, however, with another study
that reported similar results with a water-based placebo rinse
and a no-rinse control [106]. This study by Gam et al. [45] is
the first to discuss limitations associated with carbohydrate
oral rinsing itself.

4.8 Meta-Analysis Statistical Approach

As previously discussed, the conventional meta-analytic
method used in the current review is often used within pre-
viously published systematic reviews and meta-analyses [49,
51]. However, the conventional approach does not account
for the multiple dependent effect sizes (SMDs) from each
study. Therefore an adjusted approach using a random effects
meta-regression model using robust variance estimation was
also used in this current review [67]. As this approach is
more conservative, many statistically significant results
from the conventional approach were no longer significant
at the 5% level and 95% confidence intervals crossed zero.
It is possible that the moderators included in this review
(i.e. sex, oral rinse protocols, exercise protocol, fasting) are
potentially associated with the variation of the effect size
(SMDs) between studies based on conventional unadjusted
results. However, when adjusted using the more conserva-
tive approach, results are non-significant. Thus, further inde-
pendent studies in this area of research may suggest that
some of the potential moderators are significantly associated
with the variation of the study effect sizes.

4.9 Strength and Limitations

This is the first systematic review and meta-analysis to
include all performance-based exercise outcomes and also to
include only studies that that used a maltodextrin-based, car-
bohydrate oral rinse. Another strength of the current review
is that five databases were systematically searched to ensure
all relevant articles were screened and three independent
reviewers were used for the screening process to minimise
bias. Further strengths are the large pool of studies included
for the systematic review (n=35) and meta-analysis (n=34)
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and that due to the complex data in the meta-analysis, the
analytical approach accounted for these complexities and
limitations.

Several limitations with the studies included in the cur-
rent review need to be acknowledged. One issue with the
data provided within the included studies was the lack of
standardisation of exercise protocol or oral rinse protocol
among the study methodology. For example, within the pool
of studies that examined the effect of carbohydrate oral ris-
ing on running performance, the protocol varied widely. The
exercise protocols included sprints, time trials and time to
exhaustion trials; the carbohydrate oral rinse concentration
ranged from 6 to 10% and the duration of rinsing ranged
from 5 to 40 s. This variability makes it difficult to fully
understand the mechanisms that may affect exercise perfor-
mance. It would be beneficial for future research to follow
existing, validated exercise protocols to explore the effects
of carbohydrate oral rinsing on exercise performance. A
further limitation is the complexity of the data set included
in the meta-analysis. Synthesising and analysing the data
was difficult due to a wide range of exercise protocols, car-
bohydrate oral rinsing protocols and methodology across
the included literature as well as multiple data points in the
data set. However, a unique statistical approach was used
to account for these issues, in order to minimise caution
with interpretation. A further possible limitation to consider
is that the p-value for the adjusted, conservative, random
effects meta-regression model was on the cusp of achieving
significance at the 5% level, with the confidence interval (CI)
crossing zero. Consequently, this may indicate the possibil-
ity of a higher chance of a type I error.

4,10 Future Research

In this field of research, there are areas that remain largely
unknown. These areas include the specific effect of malto-
dextrin structure and origin on maltodextrin-based carbo-
hydrate oral rinsing; the exact mechanism that facilitates
improvements in exercise performance after carbohydrate
oral rinsing and the precise receptor systems that are
involved in this process. Future research investigating car-
bohydrate oral rinsing and exercise performance should aim
to explore these areas further.

Furthermore, one area that has not been considered in
previous literature is the participants’ individual taste sensi-
tivity to complex carbohydrates. Research has demonstrated
that individual taste sensitivity to carbohydrates exists [105,
107-109] and that individual sensitivity to complex carbo-
hydrates can vary largely among individuals [109]. From
this research, the question emerges as to whether individual
taste sensitivity influences the efficacy of a carbohydrate
oral rinse on improving exercise performance. Furthermore,

if sensitivity does affect this interaction, what is the degree
of effect?

Potentially, individual taste sensitivity may moderate
the efficacy of a carbohydrate oral rinse and its effect on
improving exercise performance. Research has demonstrated
that particular groups of people may experience varying
outcomes depending on their levels of carbohydrate taste
sensitivity. For example, those who experienced high inten-
sity ratings for complex carbohydrates had larger waist cir-
cumferences and a significantly higher daily energy intake
in comparison with those who experienced a low intensity
[107]. Low et al. [110] also demonstrated that carbohydrate
hypersensitive participants consumed 50% more maltodex-
trin-based milkshake in comparison with those who were
less sensitive and this was independent to their liking of
the beverage. These examples illustrate that oral sensitivity
and exposure to complex carbohydrates can affect multiple
dimensions including consumption and anthropometry. If
an individual’s sensitivity to complex carbohydrates does
influence the magnitude of effect a carbohydrate oral rinse
has on exercise performance, this may be a cause of varia-
tion in each study.

While research exists on the effects of carbohydrate
oral rinsing on exercise performance, no existing literature
has explored the effect of carbohydrate taste sensitivity on
exercise capacity and performance. Future research should
explore this area and examine the effect of individual taste
sensitivity on the efficacy of a carbohydrate oral rinse and
its subsequent effect on exercise performance.

4.11 Practical Applications

Based on the findings of this systematic review and meta-
analysis, athletes should consider using a maltodextrin-
based, carbohydrate oral rinse to achieve potential improve-
ments in exercise performance.

5 Conclusions

Despite conflicting data in the field, this review demon-
strates that a maltodextrin-based, carbohydrate oral rinse
suggests evidence for improving exercise performance.
Although the conventional subgroup analyses demonstrated
that a maltodextrin-based, carbohydrate oral rinse was most
effective at improving exercise performance when rinsing
for 10 s at a concentration between 6 and 6.5%, this meta-
analytic approach was considered to be inaccurate. Alterna-
tively, although non-significant, the more robust, adjusted,
meta-regression model suggested some evidence of a malto-
dextrin-based, carbohydrate oral rinse improving exercise
performance overall.
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