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Context: Carbohydrate ingestion has recently been associ-
ated with elevated core temperature during exercise in the heat
when testing for ergogenic effects. Whether the association
holds when metabolic rate is controlled is unclear. Such an
effect would have undesirable consequences for the safety of
the athlete.

Objective: To examine whether ingesting fluids containing
carbohydrate contributed to an accelerated rise in core
temperature and greater overall body heat production during
1 hour of exercise at 306C when the effort was maintained at
steady state.

Design: Crossover design (repeated measures) in random-
ized order of treatments of drinking fluids with carbohydrate and
electrolytes (CHO) or flavored-water placebo with electrolytes
(PLA). The beverages were identical except for the carbohy-
drate content: CHO 5 93.7 6 11.2 g, PLA 5 0 g.

Setting: Research laboratory.
Patients or Other Participants: Nine physically fit, endur-

ance-trained adult males.

Intervention(s): Using rectal temperature sensors, we mea-
sured core temperature during 30 minutes of rest and 60 min-
utes of exercise at 65% of maximal oxygen uptake (V̇O2 max) in
the heat (30.66C, 51.8% relative humidity). Participants drank
equal volumes (1.6 L) of 2 beverages in aliquots 30 minutes
before and every 15 minutes during exercise. Volumes were
fixed to approximate sweat rates and minimize dehydration.

Main Outcome Measure(s): Rectal temperature and meta-
bolic response (V̇O2, heart rate).

Results: Peak temperature, rate of temperature increase,
and metabolic responses did not differ between beverage
treatments. Initial hydration status, sweat rate, and fluid
replacement were also not different between trials, as planned.

Conclusions: Ingestion of carbohydrate in fluid volumes that
minimized dehydration during 1 hour of steady-state exercise at
306C did not elicit an increase in metabolic rate or core temperature.

Key Words: rectal temperature, glucose, fructose, thermo-
regulation, heat stress

Key Points

N Fluid ingestion is a strategy that minimizes dehydration and attenuates the rise in core temperature by maintaining plasma
volume. Carbohydrate-electrolyte drinks are often used for this strategy.

N The gradient between body temperature and the environment may also be a factor when investigators determine if the
effect of extreme environmental conditions, exercise duration and intensity, carbohydrate dose, and compromised
hydration status should be considered.

N Under controlled conditions, elevated core temperature did not appear to be a risk when beverages containing
carbohydrate were ingested at a rate sufficient to maintain hydration during steady-state exercise.

E
xercise in warm, humid environments increases core
body temperature and can cause heat storage in the
body. Heat storage increases sweat rate, which may

induce dehydration. Independent of hydration status,
severe heat storage promotes fatigue and increases the risk
of exertional heat stroke. Fluid ingestion is a strategy that
minimizes dehydration and attenuates the rise in core
temperature by maintaining plasma volume, which helps to
sustain cardiac output and skin blood flow for heat
dissipation.1,2 Sports drinks, which contain carbohydrate
(CHO), are often used for this strategy.

Presently, the effect of CHO ingestion on core body
temperature response during exercise in the heat is unclear.
Research indicates that core temperature could be elevated
in association with such intake, but studies are confounded
by maximal performance efforts or differences in hydration
status from uncontrolled fluid ingestion. In several relatively
recent studies on exercise performance,3–6 CHO intake was

associated with more work or higher power outputs and
elevated core temperatures. A higher metabolic rate
associated with ergogenicity could explain this; however,
one group3 demonstrated that when performance was
similar, core temperature was elevated during the CHO
trial. Authors of older studies involving sustained exercise
that finished with a maximal-effort performance task
reported a trend for higher core temperatures for CHO
versus placebo,7 no effect of CHO,8 or no differences.9

Results from studies in which ad libitum drinking
occurred or the volume was fixed to produce dehydration
were also confounded. Fluid intake was typically greater
for the beverage containing CHO and electrolytes, resulting
in less dehydration compared with the effects of the
placebo.10–15 Despite more complete hydration during the
CHO trial, the authors consistently failed to show a
difference in core temperature response. Enhanced hydra-
tion could mask a CHO effect on core temperature if one
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exists. The larger volume of CHO-electrolyte fluid ingest-
ed10 or the composition of the CHO-electrolyte beverage
when volume is similar16–18 preserves the plasma volume,
which could enhance thermoregulation. In one of the few
studies with controlled intake and exercise intensity,19 core
temperature did not differ for water or a CHO-electrolyte
drink, but all 4 participants experienced a reduction in
body weight, and the exercise was done in mild environ-
mental conditions (approximately 256C).

Clarifying whether CHO elevates body core temperature
during exercise in warm or hot environments requires a
fixed volume of fluid consumption, steady-state exercise
without performance efforts, and control of hydration
status. Our purpose was to determine whether ingesting
CHO in a beverage resulted in greater overall heat
production, greater peak core temperature, and faster rise
in core temperature when steady-state metabolism was
maintained throughout 1 hour of exercise in the heat. We
compared a CHO beverage with a similarly flavored
placebo of equal volume but containing no CHO and
standardized the electrolyte content, which has been done
previously. We hypothesized that when exercise intensity
was maintained at a constant pace and fluid intake
prevented dehydration based on body weight change, core
temperature would not be elevated by the CHO treatment
because the body was capable of absorbing or dissipating
any additional heat.

METHODS

Participants

Nine endurance-trained males between the ages of 24
and 37 years who regularly competed in road cycling races
participated in the study. Physical characteristics are
presented in Table 1. The athletes had no known gastro-
intestinal, metabolic, cardiovascular, or pulmonary disor-
ders or diseases and no known orthopaedic injury. Before
participating, all volunteers read and signed an informed
consent approved by the institutional Human Subjects
Review Committee (which also approved the study).

Standardization for Experimental Treatments

We conducted all tests during an approximately 4-week
period of the same climatic season, with volunteers
maintaining a consistent training program to minimize
the effects of heat acclimatization. We measured maximal
oxygen uptake (V̇O2max) and familiarized participants
with the study design and methods during an orientation
session before the experimental trials. Maximal oxygen
uptake was determined during a ramped cycle ergometer
protocol. Indirect calorimetry was used to measure oxygen
uptake (V̇O2) and carbon dioxide uptake (VCO2), which

were then entered into a regression analysis along with
workload data, from which an unknown workload
corresponding to 65% V̇O2max was predicted. The cycle
ergometer (Excaliber Sport, Lode BV, Groningen, Nether-
lands) used to determine V̇O2max was also used for the
experimental trial.

During the familiarization trial, sweat rate was estimated
by adding the mass of fluid ingested ad libitum during
1 hour of exercise to change in body mass as measured by
nude weighing of the volunteers. On a per-kilogram of
body weight basis, the sweat rate averaged 4 mL/kg. Sweat
rate was used to ensure that the total volume of fluid
needed during the experimental trials would maintain body
weight. A priori, we set fluid intake at 4 mL/kg and divided
the total absolute total volume for each participant by 5 to
determine the aliquot to be administered at each of 5
feedings. Volunteers were also instructed in the use of a
rectal thermister (series 400 9FR; NovaMed, Rye, NY).
Before the study, this unit was calibrated against a
mercurial thermometer and standard water bath. Partici-
pants did not exercise or consume alcohol or caffeine for 1
day before testing.

We instructed volunteers to maintain their normal diet
the day before the experiment and to record all foods and
beverages consumed. To ensure adequate hydration upon
arrival to the laboratory for experimental trials, they
consumed a 720-mL bottle of a sports drink and 500-mL
bottle of water. Participants consumed the sports drink in
addition to normal daily fluid intake over the course of the
day and evening before the experiment; the water was
consumed during the morning of the experiment, at least
2 hours before the start time. The volunteers did not eat or
drink (other than the prescribed water) after midnight the
night before the experiment.

Experimental Trials

For each trial, participants arrived at the laboratory
before 9:00 AM, had their diet records reviewed to assure
consistent diet control, and voided their bladders. The
urine specific gravity was measured to confirm euhydra-
tion, and nude body mass was recorded. Each participant
wore a heart rate monitor (model T31; Polar Electro Inc,
Lake Success, NY) on the chest and inserted a rectal
thermister approximately 10 cm past the anal sphincter.
The rectal probe was stabilized using surgical tape on the
small of the back in the lower lumbar region. Initial rectal
temperature was read to ensure that the resting tempera-
ture of all volunteers was in the normal range.

Rest Phase. Participants were seated (resting) in a
semireclined, upright position for approximately 30 min-
utes after preparation. Immediately after being seated,
participants drank the first of the 5 aliquots of 1 of 2
randomly assigned treatment beverages. The drinks ad-
ministered were a flavored CHO-electrolyte beverage
(CHO: 6% CHO, approximately 18 mmol/L Na+, approx-
imately 3 mmol/L K+) and a similarly flavored placebo
(PLA: 0% CHO, approximately 18 mmol/L Na+, approx-
imately 3 mmol/L K+). The CHO used was a blend of
sucrose, glucose, and fructose, a mixture readily absorbed
through active transport mechanisms20–22 and oxi-
dized.23,24 The total CHO amount was small (approxi-
mately 93 g) and was spread over the duration of exercise

Table 1. Participant Physical Characteristics

Mean 6 SD

Age, y 31.0 6 4.3

Height, cm 180.8 6 9.6

Mass, kg 80.1 6 9.7

Body surface area, m2 2.0 6 0.2

V̇O2 max, ml/kg per min 49.7 6 6.6

V̇O2 max, L/min 3.96 6 0.41
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to reflect fluid intake before and during exercise. We chose
a 6% concentration of CHO because it represented the level
and type of CHO used by the authors3,6 of 2 prior studies
of core temperature, and the portion consumed during
exercise approximated the recommended level of CHO
intake per hour of exercise for exogenous energy provi-
sion.25 Participants drank through a straw in a 250-mL
flask that was previously immersed in a water bath
stabilized at 376C (98.66F) to minimize any influence on
core temperature measurements. Actual drink temperature
was 36.9 6 0.36C. Participants were required to ingest the
total volume of the assigned beverage within 2 minutes
immediately before the designated 30-minute rest period
began. Every 5 minutes, we recorded rectal temperatures
and heart rates. Every 15 minutes, volunteers rated
perceptions of thermal comfort (1 5 comfortable to 4 5
very uncomfortable) and ambient heat (24 5 very cold to 4
5 very hot), according to the survey used by Meyer et al,26

and rated perceived exertion (RPE27; Borg Scale 5 6 to 20).
Respiratory exchange ratio (RER) and V̇O2 were recorded
continuously with a metabolic cart (Quinton QMC;
Quinton, Bothell, WA) and used to calculate resting energy
expenditure and metabolic heat production. Respiratory
gas was collected using a 2-way nonrebreathing valve
(model 2700B; Hans Rudolph Inc, Shawnee, KS) with
mouthpiece and nose clips. The valve was supported with a
headgear (model 2726; Hans Rudolph Inc). Environmental
conditions were maintained at 30.6 6 1.06C dry bulb
temperature and 51.8 6 6.8% relative humidity.

Exercise Phase. Immediately before transitioning to the
exercise period and after 15, 30, and 45 minutes of exercise,
participants drank the remaining aliquots of assigned
beverage within 2 minutes. They exercised for 60 minutes
on a stationary cycle ergometer at an intensity equivalent to
65 6 0.05% V̇O2max. Heart rate and measures of core
temperature were recorded before and every 5 minutes
during exercise; RPE and perceptions of thermal comfort
ambient heat ratings were recorded every 15 minutes. All
measurements were taken before drinking. Expired gases
were collected for 2 minutes at 7, 22, 37, and 52 minutes of
exercise using Douglas bags. Respiratory gases were
analyzed using oxygen and carbon dioxide analyzers (models
S-3A/I and CD-3A; AMETEK Inc, Naperville, IL), and gas
volume was determined using spirometry (model DTM-32F;
Vacumed Inc, Ventura, CA). The V̇O2 and VCO2 measures
were taken 5 minutes after drinking was completed. Imme-
diately postexercise, participants dismounted from the
bicycle, removed the rectal probe, and dried themselves with
towels before being reweighed in the nude.

Analytic Procedures

We took several approaches to quantify core tempera-
ture response. The slope of the rate of change in core

temperature from the beginning to the end of exercise was
determined using linear regression. Heat production,
determined using indirect calorimetry at the 4 measurement
times, was averaged for 60 minutes of exercise. Using the
trapezoid rule and computations of GraphPad Prism
(version 4.00 for Windows; GraphPad Software, San
Diego, CA), we calculated the area under the curve for
core temperature for the rest phase and periods of
measurement during exercise.

Statistical Analyses

Using published SDs and rectal temperatures that
showed a mean difference of 0.36C between trials with
and without CHO feedings3 and assuming a correlation
coefficient of 0.75 to represent an expected consistent
temperature response of the participants independent of
ingesting fluids with or without CHO, we calculated that a
sample size of 7 would provide statistical power of 80% for
finding a difference at a probability level of .05 (Power and
Precision Software; Biostat, Englewood, NJ). To allow for
a margin of error, we tested a sample size of 9 volunteers.

Paired t tests were used to compare the treatment effect
on the rate of change of temperature during exercise and
for the area under the curve for temperature as estimated
by the rectal probe. Knowing that differences would exist
between rest and exercise, we analyzed these 2 phases
separately for a beverage effect. One-way analysis of
variance was used to detect the statistical significance (P
, .05) of mean differences between treatments for V̇O2,
RER, heart rate, and energy expenditure during rest and
during exercise. Two-way analysis of variance, adjusted for
repeated measures, was used to evaluate beverage-by-time
effects (P , .05) for RPE, perceived thermal comfort, and
ambient heat.

RESULTS

When participants reported to the laboratory, their urine
specific gravity was not different between trials (CHO 5
1.008 6 0.005, PLA 5 1.009 6 0.008). Average cycling
workload was 179 6 22 W, and no difference was noted in
the relative intensity of exercise (%V̇O2max) between CHO
(65.3 6 0.05%) and PLA (65.1 6 0.05%).

The volume of beverage consumed was controlled
(Table 2), and the total amount of CHO ingested during
the CHO trial was 93.76 6 11.23 g. No beverage treatment
effects were seen for sweat loss (CHO 5 1.88 6 0.45 L,
PLA 5 2.04 6 0.60 L, P . .05), percentage of sweat loss
replaced (CHO 5 89.3 6 21.2%, PLA 5 84.3 6 22.8%,
P . .05), or percentage of body weight lost due to

Table 2. Beverage Treatments (Mean 6 SD)

Carbohydrate Beverage Placebo Beverage

Total carbohydrate, g
a

93.7 6 11.2 0.0 6 0.0

Volume ingested, mL 1608.0 6 193 1608.0 6 192

Na+, mmol/L 16.3 6 0.2 16.2 6 0.6

K+, mmol/L 2.7 6 0.1 2.5 6 0.3

Osmolality, mOsm/kg 293.3 6 1.0 44.8 6 1.0

a Carbohydrate concentration 5 6 g/100 mL.

Table 3. Fluid Balance Data (Mean 6 SD)
a

Carbohydrate

Beverage

Placebo

Beverage

Sweat rate, L/h 1.88 6 0.45 2.04 6 0.60

Dehydration, %
b

0.37 6 0.63 0.56 6 0.83

Fluid replaced, %
c

89.3 6 21.2 84.3 6 22.8

Change in body weight, kg 20.27 6 0.49 20.43 6 0.64

a P . .05 for differences between each treatment comparison (paired t

test).
b Dehydration 5 % of initial body weight.
c Fluid replaced 5 volume ingested/volume of sweat lost.
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dehydration (Table 3). As planned, the drinking protocol
resulted in minimal change in body weight.

Rectal temperature data are presented in Figure 1. No
differences due to the drink treatments were detected for
mean or peak temperatures at rest or during exercise
(Table 4). The rate of increase in core temperature during
exercise was 0.025 6 0.0026C?min21 during CHO and
0.026 6 0.0026C?min21 during PLA (P . .05). The effect
size for the rate of core temperature increase was 0.5,
whereas the effect size for peak temperature was 0.29.

Results for heart rate, metabolic rate, and heat
production are presented in Table 4. As expected, these
variables increased during exercise. However, no differenc-
es were observed between beverage treatments at rest or
during exercise. We calculated the area under the curve for
the V̇O2 response and core temperature and found no
differences in mean values for the beverage treatments

within the rest or exercise phases. Figure 2 confirms the
similarity of mean V̇O2 measurements during the first and
final measurements for the treatments. Figure 3 shows the
consistency of the heart rate response for the treatments. A
slight elevation in RER during rest for the CHO trial was
not statistically different from that for the PLA.

Mean values for the ratings of perceived comfort, heat,
and perceived exertion during rest and exercise are
presented in Table 5. All ratings increased during exercise
but were unaffected by the drink treatments (P ..05).

DISCUSSION

The purpose of our study was to determine whether
CHO in fluid ingested during 1 hour of steady-state
exercise in the heat would accelerate the rise in core
temperature or elicit greater heat production, resulting in

Figure 1. Rectal temperature (mean 6 SD) during rest and exercise. Arrows indicate the timing of beverage administration. Rest versus
exercise, P , .05; no difference between treatments, P . .05.

Table 4. Cardiovascular and Metabolic Responses (Mean 6 SD)a

Carbohydrate Beverage Placebo Beverage

Rest (230 to 0 min)

Heart rate, beats/min 51 6 7 61 6 6

V̇O2, ml/kg per min 3.57 6 0.31 3.59 6 0.31

Area under the curve for V̇O2, ml/kg 71.3 6 6.2 71.9 6 6.3

Respiratory exchange ratio 0.87 6 0.05 0.83 6 0.04

Peak temperature, 6C 36.92 6 0.16 37.03 6 0.14

Area under the curve for temperature, 6C 3 min 1.27 6 0.87 1.38 6 1.10

Heat production, kJ
b

137.35 6 21.2 139.24 6 22.2

Exercise (0 to 60 min)

Heart rate, beats/min 151 6 12 151 6 14

V̇O2, ml/kg per min 32.33 6 4.32 32.22 6 4.20

Area under the curve for V̇O2, ml/kg 97.7 6 12.9 96.4 6 12.7

Respiratory exchange ratio 0.93 6 0.03 0.93 6 0.04

Peak temperature, 6C 38.36 6 0.45 38.49 6 0.54

Area under the curve for temp, 6C 3 min 47.69 6 11.60 50.07 6 11.12

Heat production, kJ 2696 6 309.7 2717 6 336.5

a P . .05 for all differences between treatment means (paired t tests).
b Heat production 5 kcal/min ? time ? 4.184 kJ/kcal.
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an elevated core temperature. This concern was raised by
Montain and Coyle,1 who examined graded dehydration
by feeding participants with fluids containing CHO but did
not test for a CHO effect because they did not include a
CHO-free control beverage. Subsequently, several groups3–6

have reported elevations in core temperature during
exercise performance testing when CHO was ingested.
These studies involved various durations of exercise
sessions (60–130 minutes) and included performance test-
ing at varied intensities4–6; hence, the design of these studies
did not allow for a clear conclusion regarding a CHO
effect. The potential for CHO intake to elevate core
temperature during exercise warranted further investiga-
tion because of implicated effects on overheating, fatigue,
and the risk of heat illness in athletes.

The protocol for our study consisted of consuming fluid
30 minutes before and every 15 minutes during steady-
state exercise, a pattern that was based on recommenda-

tions to prevent dehydration during exercise25,28,29 and
similar to that used in earlier research in which core
temperature elevation was reported.3–6 Our participants
ingested a total of 93.7 g of CHO immediately before
30 minutes of rest and during the first 45 minutes of the 1-
hour bout of exercise. Carbohydrate concentration of the
fluid was similar to that in prior studies, and CHO was
administered to our volunteers at a comparable rate (g/kg
body weight).3,6 Our participants received 0.016 g CHO/kg
body weight?min21 during the observation, which was
within the range of the 0.012 to 0.023 g/kg?min21 used
previously by authors3–6 reporting the CHO effect on core
temperature. Exercise increased core temperature as
expected, but we did not detect a difference in core
temperature when comparing the 2 beverage treatments,
which differed only by the presence of CHO. The effect size
for the CHO influence on core temperature ranged from
0.3 to 0.5, with variability (SD) exceeding the mean
difference in the rate of change of core temperature. In
addition, we did not observe an increase in mean V̇O2 at
rest or during exercise as a result of the CHO feeding.

Aside from varying exercise intensity and metabolic rate
during exercise, other factors exist to explain the rise in core
temperature observed previously in association with CHO
feedings. In prior research,3–6 body mass was not maintained
during exercise. The acute reduction in body mass ranged
from 0.7% to 4.4%, suggesting that dehydration might have
an effect and promote an elevation in core temperature. The
findings of Fritzsche et al3 support an interaction with
hydration. Within the trials that produced similar power
output, ingesting CHO without fluids during 2 hours of
exercise resulted in elevated core temperature compared with
the temperature when ingesting nothing. Both trials resulted
in similar dehydration amounts of 4%.3 When the same dose
of CHO was ingested with fluid to minimize dehydration (1%
reduction in body mass), core temperature was approxi-
mately 0.756C lower than when CHO was ingested without
fluids. Interestingly, during the CHO trial with fluids,
volunteers generated more metabolic work (greater power
output). We designed our investigation to control for
dehydration and minimize the change in body mass during
exercise to remove this potential confounding factor.

The gradient between body temperature and the
environment may also be a factor in establishing whether
CHO ingested during exercise raises core temperature. In
one of the earlier studies19 on steady-state exercise in which

Figure 2. Oxygen uptake (V̇O2) values (mean 6 SD) measured early
and late during exercise under each treatment condition. No
differences existed for time or between treatments (P ..05).

Figure 3. Heart rate (mean 6 SD) measured at rest and during
exercise during intake of fluids with carbohydrate and placebo.
Arrows indicate the timing of the beverage administration. Rest
versus exercise, P , .05; no differences existed between treat-
ments (P . .05).

Table 5. Perceptual Responses and Ratings (Mean 6 SD)
a

Carbohydrate

Beverage

Placebo

Beverage

Rest (230 to 0 min)

Rating of perceived exertion (range 5

6 to 20)

6.1 6 0.2 6.1 6 0.2

Comfort (range 5 1 [comfortable] to 4

[very uncomfortable])

1.3 6 0.5 1.3 6 0.5

Heat (range 5 24 [very cold ] to +4

[very hot ])

1.0 6 0.4 1.1 6 0.6

Exercise (0 to 60 min)

Rating of perceived exertion 12.6 6 1.3 13.2 61.3

Comfort 2.2 6 0.5 2.2 6 0.6

Heat 2.1 6 1.2 2.2 6 0.7

a P . .05 for differences between each treatment comparison (paired t

test).
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core temperature was similar with and without CHO,
participants severely underconsumed beverage and experi-
enced dehydration of approximately 5%. However the
environment was much milder than in more recent studies
(approximately 256C). Similar to previous authors,3–6 we
reported the CHO-induced core temperature elevation
using environmental conditions that were more extreme.
As they did, we controlled the relative intensity, and
volunteers sustained efforts at 65% of peak V̇O2. Subse-
quent researchers should investigate the interactive effects
of more extreme environmental conditions, exercise dura-
tion and intensity, CHO dose, and compromised hydration
status to clarify the feeding effect of CHO during exercise
on core temperature response.

A final, but unlikely, possibility for an exaggerated
elevation in core temperature associated with CHO intake
in prior studies is because of the thermogenic effect of
feeding.30–32 With glucose ingestion, metabolic rate in-
creases by 5% to 6% of the energy content of the feeding
(75 g of glucose ingested in 5 minutes) and 5% to 10% over
basal metabolic rate.30,33,34 Fructose can also increase
resting metabolism by as much as 10%.33,34 In our study,
the CHO sources were sucrose, glucose, and fructose in
amounts that contributed nearly a 50:50 mixture of glucose
and fructose. This blend is rapidly absorbed20–22 and oxidized
during exercise at higher rates than a single form of
carbohydrate.23,24 Given that heat production during exercise
is dramatically greater than at rest,35 either any thermogenic
effect of feeding is likely within the error of our measurements
or volunteers were capable of absorbing or dissipating this
small amount of heat without raising core temperature.
Unlike rest conditions, CHO would not be expected to elicit
an elevation in metabolic rate during exercise of more than
1% of the energy production in our study.

CONCLUSIONS

We found no evidence that the acute intake of CHO
immediately before and during 1 hour of exercise altered
the core temperature response compared with a no-CHO
trial. This was likely due to maintaining a constant
metabolic rate for the treatments throughout exercise and
preventing differences in hydration by administering
adequate fluid intake to replace sweat loss, unlike authors
of previous studies, who varied hydration status and
intensity of exercise. We did not observe a core tempera-
ture or metabolic response with the CHO feeding, which
may have resulted from the modest dose of CHO provided
intermittently over 75 minutes of rest and exercise and the
body’s ability to dissipate or absorb such a small amount
of heat without raising core temperature. Ingesting
sufficient fluid to minimize dehydration during exercise
optimizes heat dissipation. It is not clear whether an
ergogenic effect supported by CHO ingestion could raise
core temperature to a level of safety concern. However, the
reported elevation in core temperature associated with
physical performance benefits when fluid with CHO is
ingested is relatively small3–6 compared with the response
of core temperature when fluid intake is avoided and
significant dehydration occurs.1,3 Based on our findings,
elevated core temperature does not appear to be a risk
when beverages containing CHO are ingested at a rate to
maintain hydration during steady-state exercise.
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