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Objective: Exercise-associated dehydration is a common
problem, especially at sporting events. Although recommendations
have been made to drink a certain volume per kilogram body mass
lost after exercise, no clear guidance about the type of rehydration
beverage is available. We conducted a systematic review to
assess the effectiveness of carbohydrate-electrolyte (CE) solutions
as a rehydration solution for exercise-associated dehydration.
Data Sources: MEDLINE (via the PubMed interface),

Embase, and the Cochrane Library databases were searched
up until June 1, 2022.
Study Selection: Controlled trials involving adults and chil-

dren were included when dehydration was the result of physical
exercise and when drinking carbohydrate-electrolyte solutions,
of any percentage carbohydrate, was compared with drinking
water. All languages were included if an English abstract was
available.
Data Extraction: Data on study design, study population,

interventions, outcome measures, and study limitations were

extracted from each included article. Certainty was assessed
using Grading of Recommendations Assessment, Develop-
ment and Evaluation.

Data Synthesis: Of 3485 articles screened, 19 articles in
which authors assessed CE solutions (0%–9% carbohydrate)
compared with water were included. Although variability was
present among the identified studies, drinking 0% to 3.9%
and especially 4% to 9% CE solution may be effective for
rehydration.

Conclusions: A potential beneficial effect of drinking CE
drinks compared with water was observed for many of the
reviewed outcomes. Commercial CE drinks (ideally 4%–9% CE
drinks or alternatively 0%–3.9% CE drinks) could be suggested
for rehydration in individuals with exercise-associated dehydra-
tion when whole foods are not available.

Key Words: fluid balance, hypohydration, sports drinks,
first aid

Key Points

• Drinking 0% to 3.9% and especially 4% to 9% carbohydrate-electrolyte solution may restore volume/hydration status
after exercising when whole foods are not available.

• Limited evidence suggests that consuming commercial drinks with 0% to 3.9% and especially 4% to 9%
carbohydrate-electrolyte solution provides acceptable rehydration for exertion-related dehydration or hypohydration.

• If clean, drinkable water is available, its cost, relative to carbohydrate-electrolyte drinks, makes it an acceptable
alternative.

Human body water accounts for 50% to 70% of the
total body mass and is regulated within a confined
range. Performing exercise leads to increased sweat

loss that generally exceeds fluid intake, even more so in hot
humid conditions. If this fluid loss is not sufficiently replen-
ished, dehydration (ie, the process of losing body water) may
lead to hypohydration (the end result, that is, a state of less
than normal body water content).1 Even low levels of hypohy-
dration (2% of body mass) may impair thermoregulation; pro-
duce cardiovascular strain; and if allowed to progress, can
lead to impaired physical and cognitive performance, syncope

due to hypotension, and finally, heat-ated illness that can be
fatal.2–7 In such situations, promoting postexercise drinking to
restore fluid balance is of the utmost importance. For rapid
and complete rehydration, the volume of drink and its compo-
sition are key.8,9 Although the American College of Sports
Medicine Guidelines on Nutrition and Athletic Performance
recommend drinking 1.25 to 1.5 L of fluid per kilogram body
mass lost, no clear advice is available regarding the specific
type of rehydrating fluid.10 The National Athletic Trainers’
Association position statement on fluid replacement for the
physically active recommends the following: (1) “educate
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physically active people regarding the benefits of fluid replace-
ment to promote performance and safety and the potential risks
of both hypohydration and hyperhydration on health and phys-
ical performance;” (2) “quantify sweat rates for physically
active individuals during exercise in various environments;”
and (3) “work with individuals to develop fluid-replacement
practices that promote sufficient but not excessive hydration
before, during, and after physical activity.”11

Researchers have suggested that a healthy person partici-
pating in moderate physical activity should require no other
beverages than water, whereas athletes participating in long
or intense exercise may require additional carbohydrates,
electrolytes, or both in their rehydration fluids.12 This may
help to maintain blood glucose and carbohydrate oxidation
and electrolyte balance. However, determining hydration
choices is difficult because individuals differ in their rate of
gastric emptying, intestinal absorption, bowel transit time,
and renal function, as well as sweat rates.11

Against this background, the aim of this systematic
review was to identify effective first aid rehydration inter-
ventions that can restore fluid balance. To our knowledge,
we are the first to perform a systematic review to assess the
effectiveness of carbohydrate-electrolyte (CE) solutions for
rehydration. A typical recovery strategy after activity does
not include fluid ingestion alone and may require the intake
of whole foods. The focus of this systematic review was to
assess the rehydrating properties of beverages without the
associated intake of food.
This review is the first of a 2-part review on the treat-

ment of exercise-associated dehydration. In this first part,
we review the effectiveness of CE solutions; in the second
part, we review alternative rehydration solutions such as
milk, coconut water, and beer.13 The following research
question was formulated in population, intervention, com-
parison, outcome (PICO) format: Among adults and chil-
dren with exercise-associated dehydration, does drinking
CE solutions compared with drinking water change vol-
ume/hydration status, heart rate, serum sodium, serum or
plasma osmolality, need for advanced medical care, and
patient satisfaction? This systematic review was conducted
as part of the development of evidence-based treatment rec-
ommendations by the First Aid Task Force of the Interna-
tional Liaison Committee on Resuscitation (ILCOR).

METHODS

Search Strategy

This systematic review was carried out according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses checklist. The methods for both parts of the
review are described in this section. All steps were per-
formed simultaneously for both parts. A protocol was sub-
mitted at PROSPERO (CRD42020153077).
Three databases were searched for studies meeting our

criteria: the Cochrane Library, MEDLINE (using the
PubMed interface), and Embase (using the Embase.com
interface). Search strategies were developed by 2 reviewers
(V.B. and N.D.B.), using both index terms and text words.
We searched the databases for relevant literature up until
June 1, 2022. Search strategies can be found in the Supple-
mental Appendix, available online at https://dx.doi.org/10.
4085/1062-6050-0682.22).

Selection Criteria

After removing duplicates, 2 reviewers (V.B. and
N.D.B.) independently screened the titles and abstracts and
then assessed the full texts by applying the selection crite-
ria. Reference lists of included studies were screened to
identify additional relevant studies. Any discrepancies
between authors were discussed, and if necessary, a third
reviewer (E.D.B., E.S., or D.Z.) was consulted. Studies
were eligible if they met the inclusion criteria outlined in
Table 1.
Outcomes were selected a priori by the ILCOR First Aid

Task Force. In selecting these outcomes, the task force con-
sidered not only known and commonly reported outcomes in
relation to hydration but also whether outcomes were clini-
cally relevant and easily measured in real-life situations.
Cumulative urine output is calculated as the sum of the

urine volumes measured during the recovery period. When
individuals are consuming a fixed volume of a drink, a
reduced urine output indicates a better retention of the con-
sumed drink and, hence, is beneficial by enhancing the
rehydration process.14

Net fluid balance is calculated as the sum of the volume
of sweat loss during exercise and urine loss during exercise
and recovery periods subtracted from the volume of drink
consumed.15 Restoration of the net fluid balance is benefi-
cial, and larger values indicated that the sweat loss has
been replaced effectively.
Plasma volume is decreased by exertion-related dehydra-

tion in proportion to the level of fluid loss due to sweating.
Positive changes in plasma volume are beneficial during
rehydration. Fluid replacement should be targeted at plasma
volume restoration to ensure that circulation and sweating
can progress at optimal levels.
Hemoglobin and hematocrit values are based on whole

blood and, therefore, are dependent on plasma volume. If a
person is severely dehydrated, the hemoglobin and hemato-
crit values will be higher, and restoring these measures to
their baseline values would suggest effective rehydration.
The combination of exercising, heat stress, and hypohy-

dration contributes to high levels of cardiovascular strain
(high heart rate). Lower heart rates are beneficial during the
recovery period.16

During rehydration, the restoration and maintenance of a
high serum or plasma osmolality and serum electrolyte
concentrations are desirable and avoid the stimulation of
diuresis.17

Because different rehydration periods were used in the
studies, we decided to only include time points after com-
pletion of drinking water or the rehydration fluid. Given
that this review focused on the out-of-hospital setting after
exertion-related dehydration, we limited relevant time
points to 1 and 2 hours after completion of drinking; any
later time point was excluded (except for cumulative urine
volume, for which the endpoint of the study was included).
If 1- or 2-hour results were not reported, any other time
point within 2 hours after completion of drinking was
included. For patient satisfaction outcomes, we included
time points starting from immediately after the comple-
tion of drinking until 2 hours after the completion of
drinking. In addition, studies in which authors only reported
mean values without SDs, effect sizes, or P values were
excluded.
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Data Extraction

Two reviewers (V.B. and N.D.B.) independently
extracted data on the study population, intervention, out-
come measures, and study limitations. Data are presented
as mean differences with 95% CIs, where possible. If no
sufficient data were available to calculate 95% CIs, only
mean differences and P values were reported. Significant P
values were ,.05. GRADEPro software was used to tabu-
late the data.18

Certainty Assessment

We assessed the certainty of evidence according to the
Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) approach.19 The certainty of evi-
dence can be downgraded for limitations in study design,
inconsistency, indirectness, imprecision, or publication
bias. Limitations in study design were assessed using the
Risk of Bias 2 tool for randomized studies and the Risk of
Bias in Non-Randomized Studies of Interventions tool for
nonrandomized studies.20,21 The initial certainty of evi-
dence of all studies was high. Based on the assessment, the
final level of certainty can be high (ie, the authors have
high confidence that the true effect is similar to the esti-
mated effect), moderate (ie, the authors believe the that the
true effect is probably close to the estimated effect), low
(ie, the true effect might be markedly different from the
estimated effect), or very low (ie, the true effect is probably
markedly different from the estimated effect).19 The cer-
tainty of evidence is reflected in the wording of the

conclusions or recommendations, as stated in the GRADE
methodology.22

RESULTS

Study Identification and Selection

A total of 4445 references were identified. After remov-
ing duplicates, we screened 3485 articles based on title and
abstract and then assessed 107 full-text articles. Of these,
84 studies were excluded. A total of 20 studies were
included in this review, with 12 studies examining rehydra-
tion by CE solutions and 8 studies examining both CE and
alternative solutions.16,23–41 Authors of the 3 remaining
studies examined alternative solutions only, and the results
can be found in Part II of this review.13

We only discuss the results of the 20 studies in which
authors examined CE solutions in this paper. The character-
istics of these studies, including study design, population,
relevant comparisons, and outcome measures, are summa-
rized in Table 2. A total of 15 studies were randomized
controlled trials (RCTs), and 5 studies were nonrandom-
ized studies. Ten studies were published between 2011
and 2021, and 10 studies were published between 1992
and 2010.16,23–41 All were crossover studies with a total of
273 (233 male, 40 female) healthy children (age � 7 years)
and young adults performing exercise in a controlled envi-
ronment until a predefined point of hypohydration was
reached.16,23–41

The percentage carbohydrate in the solutions ranged
between 0% and 8.75%, and the type of carbohydrate used
was either isomaltulose, glucose, a combination of glucose

Table 1. Inclusion and Exclusion Criteria

Inclusion Exclusion

Population Adults and children with exercise-associated dehydration. Adults and children with dehydration linked to

urological, gastrointestinal, circulatory, and

neurological disorders.

Studies in which dehydration status was induced

by sauna or sweatboxes.

Intervention Any type of CE solution that is widely or commonly avail-

able. CE solutions of any percentage of carbohydrate.

The percentages mentioned for the CE solutions in the

Results section are related to the carbohydrate

content.

Intravenous fluid administration.

Products that currently are not commercially

available.

Comparison Plain water: tap or bottled water. Any other rehydrating liquid (oral or

intravenous).

Outcome Volume/hydration status (measured as cumulative urine

output, net fluid balance, hematocrit, hemoglobin, and

plasma volume change).

Heart rate.

Serum and plasma osmolality and serum sodium concen-

tration.

Need for advanced medical care.

Patient satisfaction (thirst perception, perceived intensity

of gastric fullness or cramps, nausea, and abdominal

discomfort).

Urine electrolyte concentration, specific gravity,

and osmolality; salivary osmolality; plasma

sodium and potassium concentration; serum

potassium and chloride concentration; fraction

of beverage retained/fluid retention; percent-

age rehydration of dehydration; rehydration

index; glucose concentrations in blood or

serum; respiratory rate; and core

temperature.

Study design Randomized controlled trials and nonrandomized studies

(nonrandomized controlled trials, interrupted time

series, controlled before-and-after studies, and cohort

studies).

Unpublished studies (eg, conference abstracts,

and trial protocols), editorials, case series,

and animal studies.

Timeframe and language All years.

All languages if an English abstract is available.

Articles in a language other than English, for

which no English abstract is available.

Abbreviation: CE, carbohydrate-electrolyte.
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with maltodextrin or fructose or sucrose, or unknown. The
volume of fluid ingested for rehydration varied between
100% and 200% of body mass lost during exercise
(Table 2). In most studies, participants drank 100% of the
lost body mass.16,23–29,33,34,41 In 3 studies, participants drank
120% of the body mass lost; in 4 studies, 150%; and in 1
study each, 125% and 200%.30,32,35–40

Synthesis of Findings

The synthesis of findings of all included studies is sum-
marized in Tables 3 through 5, and a narrative overview of
the results is given below. Given the large heterogeneity
between studies (ie, different protocols for dehydration,
large variability in time to rehydrate, and time points mea-
sured), it was not possible to perform meta-analyses.
4.0% to 9.0% CE Solution. Results for 4.0% to 9.0%

CE solution are summarized in Table 3.
Volume/Hydration Status. Volume/hydration status was

measured as cumulative urine output, net fluid balance,
plasma volume change, or hematocrit. We identified 9
RCTs and 4 nonrandomized studies, including 200 partici-
pants, in which authors assessed the effect of 4.0% to 9.0%
CE solution compared with water on volume/hydration
status.23–25,27–29,31–34,36,40,41 A decrease in cumulative urine
output was shown with 4%, 6%, and 6.6% CE solu-
tions.24,25,27,31,36 However, authors of 5 RCTs and 1 non-
randomized study did not show a difference for cumulative
urine output, comparing a 6%, 6.5%, 6.9%, 7%, 8%, or
8.75% CE solution with water.23,32–34,40,41 Authors of 4
RCTs did not show a difference in net fluid balance 1 hour
after participants finished drinking a 6%, 6.9%, 7%, or 8%
CE solution.32,34,40,41 In addition, authors of 3 RCTs did not
show a difference in net fluid balance 2 hours after partici-
pants finished drinking a 6%, 7%, or 8% CE solution.34,40,41

Authors of 5 RCTs and 2 nonrandomized studies measured
plasma volume (change) 35 minutes to 2 hours after partici-
pants finished drinking a 6% to 6.9% CE solution, but
authors of only 2 studies showed a difference compared
with water.23,24,27–29,31,32 Authors of 1 nonrandomized study
did not report a difference for hematocrit 30 minutes after
participants finished drinking an 8.75% CE solution.33

Vital Signs. Authors of 3 RCTs and 1 nonrandomized
study, including a total of 53 participants, assessed vital
signs (ie, heart rate) and did not show a difference at differ-
ent time points after drinking a 5.0% to 6.6% CE solution
compared with water.16,23,31,39

Serum and Plasma Osmolality and Serum Sodium Con-
centration. Authors of 3 RCTs and 4 nonrandomized stud-
ies, including a total of 86 participants, assessed serum or
plasma osmolality or serum sodium concentration.23,25,27,31–33,39

Authors of 2 nonrandomized studies showed an increase in
serum osmolality 1 and 1.25 hours after participants finished
drinking a 6% CE solution; however, authors of 1 RCT and 2
nonrandomized studies did not report a difference in serum
osmolality 30 minutes, 1 hour, or 2 hours after participants fin-
ished drinking a 6% to 8.75% CE solution.25,27,32,33 In addition,
authors of 2 RCTs and 1 nonrandomized study did not show a
difference in plasma osmolality 1 to 2 hours after participants
finished drinking a 5% to 6.6% CE solution compared with
water.23,31,39

Authors of 1 RCT showed an increase in serum sodium
concentration 1 hour after participants finished drinking a

6.9% CE solution compared with water.32 However,
authors of 2 nonrandomized studies did not report a dif-
ference in serum sodium concentration 1.25 hours after
participants finished drinking a 6% CE solution or 30 min-
utes after participants finished drinking an 8.75% CE
solution.25,33

Patient Satisfaction. Patient satisfaction was assessed as
thirst perception, nausea, stomach fullness, or stomach
upset. Authors of 5 RCTs and 1 nonrandomized study,
including a total of 95 participants, assessed patient
satisfaction.31,32,36,39–41 Authors of 4 RCTs did not show a
difference for thirst immediately after participants drank a
4%, 5% to 6%, 6%, or 8% CE solution compared with
water.36,39–41 Similarly, 3 RCTs did not show a difference
for thirst 1 or 2 hours after participants finished drinking a
5% to 8% CE solution.39–41 Authors of 1 RCT and 1 non-
randomized study did not report a difference for thirst at
any time when comparing consumption of a 6.6% or 6.9%
CE solution with water.31,32 Authors of 3 RCTs and 1 non-
randomized study did not show a difference for stomach
fullness immediately, 1 hour, or 2 hours after participants
finished drinking a 4% to 8% CE solution.31,36,40,41 Authors
of 1 RCT did not show a difference for nausea or stomach-
ache immediately after participants finished drinking a 4%
CE solution.36 A difference for stomach upset immediately,
1 hour, or 2 hours after participants finished drinking a 5%
to 6% CE solution compared with water could not be dem-
onstrated in 1 RCT.39 In addition, authors of 2 RCTs did
not show a difference in bloating immediately, 1 hour, or
2 hours after participants finished drinking a 5% to 6% CE
solution.39,40 Finally, authors of 1 RCT and 1 nonrandom-
ized study did not report a difference in abdominal discom-
fort immediately or 1 hour after participants finished
drinking a 6.6% to 6.9% CE solution.31,32

Advanced Care. No studies in which authors addressed
the need for advanced care were identified.
0% to 3.9% CE Solutions. Results for 0% to 3.9% are

summarized in Table 4.
Volume/Hydration Status. Volume/hydration status was

measured as cumulative urine output, net fluid balance,
plasma volume change, hematocrit, or hemoglobin.
We identified 5 RCTs and 1 nonrandomized study,

including 53 participants, in which authors assessed the
effect of 0% to 3.9% CE solutions on volume/hydration
status compared with water.23,26,30,35,37,38 A decrease in
cumulative urine output was shown after rehydration with a
0% CE solution (saline) and a 3.7% CE solution.30,35 How-
ever, when a 2%, 3.2%, or 3.9% CE solution was compared
with water, no difference was shown.23,37,38 In addition, no
difference was shown in net fluid balance 1 hour after rehy-
dration with a 0% (saline) to 3.9% CE solution compared
with water.30,35,37,38 No difference in net fluid balance was
shown 2 hours after rehydration with a 0% (saline) or a
3.9% CE solution.30,38 No difference was shown for plasma
volume (change) 1 hour after rehydration with a 2% CE
solution.23 However, in 1 RCT, a difference in plasma vol-
ume change was shown 1 hour after rehydration with a
3.7% CE solution.35 In 1 nonrandomized study, no differ-
ence was reported in hematocrit or hemoglobin 1 hour after
rehydration with a 1.8% CE solution.26

Vital Signs. Authors of 1 RCT did not demonstrate a
difference in heart rate after rehydration with a 2% CE
solution compared with water.23
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Serum and Plasma Osmolality and Serum Sodium Con-
centration. Authors of 1 RCT and 1 nonrandomized study
showed increases in both serum osmolality and serum
sodium concentration 1 hour after rehydration with 1.8%
and 3.7% CE solutions, respectively, compared with
water.26,35 However, authors of 1 RCT did not show a dif-
ference in serum osmolality or serum sodium concentration
when comparing drinking a 3.2% CE solution with water.37

Furthermore, authors of 2 RCTs did not show a difference
in plasma osmolality 1 or 2 hours after rehydration with a
2% or 3.9% CE solution.23,38

Patient Satisfaction. Patient satisfaction was measured
as thirst perception, nausea, gastric fullness, or cramps.
Authors of 2 RCTs did not show a difference for thirst, gas-
tric fullness, cramps, or nausea immediately after or 1 hour
after rehydration with a 3.2% or 3.7% CE solution com-
pared with water.35,37 In addition, authors of 1 RCT showed
no difference for the perception of thirst at any time when
comparing rehydration via a 3.9% CE solution with
water.38

Advanced Care. No evidence was identified to address
the need for advanced care.

Limitations of the Included Studies

An overview of the risk of bias of the RCTs, as assessed
using the Risk of Bias 2 tool, is given in Table 5.20 Only 1
RCT had an adequate randomization process.32 No other
authors of RCTs provided information about the randomi-
zation or allocation process. In most studies, blinding of
participants, investigators, or outcome assessors was not
described. It may be assumed that blinding of participants
was not possible due to difference in taste between the
intervention and the comparison. For objectively assessed
outcomes, such as urine output, plasma volume, and hemat-
ocrit, lack of blinding would probably not pose a major
problem. However, knowledge about the intervention may
influence participants’ subjective outcomes such as feelings
of stomach fullness, thirst perception, nausea, and bloated-
ness. Authors of 1 study performed adequate blinding by
creating a placebo drink with the same taste as the interven-
tion drink.32

No concerns regarding missing outcome data were pre-
sent in any of the studies. Most studies in which authors
addressed subjective outcomes had high risk of bias for
measurement of outcomes because participants were not
blinded and, for the subjective outcomes, participants were
also the outcome assessors.35–41 Only the study by Wong
et al had low risk of bias for the measurement of subjective
outcomes because they used a placebo drink as a compari-
son.32 Regarding the selection of reported outcomes, bias
was difficult to assess because a preregistered protocol was
not available for any of the studies. However, serious con-
cerns existed for 3 studies in which authors collected urine
but did not report cumulative urine output, which was an
important outcome in all other studies.28,29,39 Overall, the
included studies exhibited some serious limitations in their
study designs, mainly due to risk of bias in the measure-
ment of subjective outcomes. An overview of the risk of
bias of the nonrandomized studies, as assessed using Risk
of Bias in Non-Randomized Studies of Interventions, is
given in Table 6.21 As the sequence of interventions was
not randomly assigned in these studies, some concerns of

bias existed due to confounding arising from selection bias.
In the studies in which authors measured subjective out-
comes (ie, patient satisfaction outcomes), a high risk of
bias was present concerning the measurement of these out-
comes, as they were self-reported.25,31 One study was
assessed as having high risk of bias in the selection of the
reported results, as the authors did not seem to have under-
taken a paired or repeated-measures analysis, and some
concerns existed regarding the analytical methods used to
analyze the paired data.33

Overall Certainty of the Body of Evidence

The certainty of the body of evidence was assessed using
GRADE.19 Details can be found in Tables 3 and 4. Overall,
the certainty was downgraded (�1) for limitations in study
design, based on the risk-of-bias assessment described
above. Furthermore, the certainty was further downgraded
because of imprecision due to limited sample sizes or lack
of data. In addition, in some cases, publication bias was
strongly suspected because the studies were often funded
by the company providing the CE drinks, who therefore
had a direct interest in the effectiveness of these rehydra-
tion beverages. This led to concerns about the indepen-
dence of the decision-making in these trials. Overall, the
certainty of the body of evidence was low or very low.

DISCUSSION

Exercise may lead to excessive body fluid loss of up to 1
L/h on average, with higher rates extending to 2 L/h and
even 6 L/h.25,42 To avoid serious hypohydration, with
symptoms such as dizziness, decreased sweat rate, confu-
sion, rapid breathing, or fast heartbeat, individuals need to
replenish this fluid loss as soon as possible.1 Guidance
about the amount of fluid that should be taken in is avail-
able, but no clear guidance on the type of rehydrating fluid
is available.10 Many different types of fluids, such as CE
solutions, milk, coconut water, and even beer, have been
suggested. The choice of beverage will often be made
based on what the dehydrated person is willing to drink and
what is accessible at the time of need. Furthermore, first aid
providers, who are often recruited to assist at first aid sta-
tions at sporting and challenge events, may not be able to
determine the exact quantity or percentage of fluid loss or
the volume required for adequate rehydration. In Part I of
this 2-part systematic review, we searched for the best
available evidence on the use of CE solutions to treat
exertion-related dehydration in an out-of-hospital setting.
Of 4445 references identified, 20 studies in which

authors compared CE solutions of different percentages
with water were included in Part I of this systematic
review. Authors of 13 studies (9 RCTs and 4 nonrandom-
ized studies) assessed the effect of a 4.0% to 9.0% CE
solution compared with water on volume/hydration
status.23–25,27–29,31–34,36,40,41 Authors of 5 studies showed a
decrease in cumulative urine output that could not be
demonstrated in 6 other studies.23–25,27,31–34,36,40,41 In addi-
tion, a difference was not demonstrated for net fluid bal-
ance, plasma volume change, hematocrit, or vital signs.
Authors of 2 of 4 studies showed an increase in serum
osmolality 1 and 1.25 hours after rehydration using a
4.0% to 9.0% CE solution.25,27,32,33 A difference in plasma
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osmolality was not demonstrated. In 1 of 3 studies, an
increase in serum sodium concentration was shown.25,32,33

No difference was observed for any of the patient satisfac-
tion outcomes.
Authors of 6 studies assessed the effect of 0% to 3.9%

CE solutions compared with water.23,26,30,35,37,38 Authors of
2 of 5 studies reported a decrease in cumulative urine out-
put.23,30,35,37,38 In addition, no difference in fluid balance,
hematocrit, or hemoglobin was demonstrated. Furthermore,
authors of 2 studies showed an increase in serum osmolal-
ity and serum sodium concentration.26,35 However, no dif-
ference in serum or plasma osmolality or serum sodium
concentration was demonstrated in 2 other studies.37,38 In
addition, no difference was observed for any of the patient
satisfaction outcomes.
Although variability was present among the identified stud-

ies, a potential beneficial effect of using CE drinks compared
with water was seen for many of the reviewed outcomes. Dif-
ferences noted in urine production between the various drinks
used for rehydration could be a result of the composition of
the drinks. Ingested drinks with high energy content (ie, from
higher carbohydrate concentration) empty from the stomach
more slowly than drinks containing less or no energy prod-
ucts. Therefore, they will potentially reduce or delay diuresis
when compared with water. In other words, when large vol-
umes of dilute drinks such as water are consumed, a fall in
serum electrolyte concentrations and osmolality may occur,
and urine production and excretion are stimulated. However,
a high electrolyte concentration in a rehydration drink will
maintain high serum or plasma electrolyte concentration and
osmolality and thereby reduce the excretion of dilute urine.
Consequently, low cumulative urine outputs and, hence, high
net fluid balances can be associated with improved fluid reten-
tion and thus effective rehydration.41,43

In this systematic review, we focused on the effective-
ness of ingesting fluids for replacing fluid loss after exer-
cise. Although this strategy may be effective in a first aid
setting (ie, over a short recovery period), foods are also
commonly consumed after exercise to maximize total
recovery.43

Strengths

A strength of this review is that rigorous and transparent
methods using the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses and GRADE methodol-
ogy were used to identify the best available evidence on
this topic. Moreover, this is the first systematic review in
which the effectiveness of CE solutions for rehydrating
individuals after exercising compared with the criterion
standard of water is addressed. Finally, the findings from
this review were used as a direct scientific basis by the
ILCOR First Aid Task Force to develop the Consensus on
Science with Treatment Recommendations.44,45 This con-
sensus document allows international first aid guideline
organizations to provide recommendations for professional
and recreational athletes, their families and coaches, and
first aid responders.

Limitations

This study had several limitations. We identified only
low to very low certainty evidence because of limitationsT

a
b
le

6
.

O
v
e
rv
ie
w

o
f
R
is
k
o
f
B
ia
s
o
f
N
o
n
ra
n
d
o
m
iz
e
d
S
tu
d
ie
s
,
A
s
s
e
s
s
e
d
W
it
h
R
is
k
o
f
B
ia
s
in

N
o
n
ra
n
d
o
m
iz
e
d
S
tu
d
ie
s
o
f
In
te
rv
e
n
ti
o
n
s
T
o
o
la

S
tu
d
y
(Y
e
a
r)

In
te
rv
e
n
tio

n
O
u
tc
o
m
e

C
o
n
fo
u
n
d
in
g

S
e
le
c
ti
o
n
o
f

P
a
rt
ic
ip
a
n
ts

In
to

th
e
S
tu
d
y

C
la
s
s
if
ic
a
tio

n

o
f
In
te
rv
e
n
ti
o
n
s

D
e
v
ia
tio

n
s

F
ro
m

In
te
n
d
e
d

In
te
rv
e
n
ti
o
n
s

M
is
s
in
g
D
a
ta

M
e
a
s
u
re
m
e
n
t

o
f
O
u
tc
o
m
e
s

S
e
le
c
ti
o
n
o
f

R
e
p
o
rt
e
d
R
e
s
u
lts

O
v
e
ra
ll

G
o
n
z
á
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in study design, imprecise results (due to limited sample
sizes and lack of data), and publication bias. Furthermore,
all studies were conducted in a laboratory environment,
with exertion-related dehydration induced by asking partic-
ipants to strictly follow standardized exercising protocols,
with or without a thermal vest. Studies of rehydration after
extreme events such as ultramarathons were not identified.
The rehydration protocols varied greatly between stud-

ies. Differences existed not only in the percentage of carbo-
hydrates in the study solutions but also in the timing of
ingestion of the fluid during or after exercise and in the vol-
ume ingested (ranging from 100% to 200% of the body
weight loss during exercise). In addition, different rehydra-
tion intervals were used, and outcomes were measured at
different times during or after completion of drinking.
Therefore, we decided a priori to only include times after
completion of drinking rehydration solutions. Given that
this review focused on the out-of-hospital setting after
exertion-related dehydration, relevant times were limited to
1 and 2 hours after participants completed drinking rehy-
dration solutions; we excluded any later time points except
for cumulative urine volume, for which the endpoint of the
study was included and varied between 2 and 5 hours, dur-
ing which participants remained in the laboratory and
refrained from consuming any foods or drinks other than
what was included in the study. For patient satisfaction out-
comes, we included times beginning immediately after
completion of drinking until 2 hours after completion of
drinking rehydration solutions. We also specifically looked
at sodium levels reported after rehydration in the included
studies.

CONCLUSIONS

Drinking 0% to 3.9% and especially 4% to 9% CE solu-
tions may be effective for restoring volume/hydration status
after exercising when whole foods are not available. Lim-
ited evidence suggests that rehydration for exertion-related
dehydration or hypohydration using commercial 4% to 9%
CE drinks or, if these are not available, 0% to 3.9% CE
drinks does occur and is acceptable. However, if clean,
drinkable water is available, its cost, relative to CE drinks,
makes it an acceptable alternative.
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