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ABSTRACT

ADAMS, J. D., Y. SEKIGUCHI, H.-G. SUH, A. D. SEAL, C. A. SPRONG, T. W. KIRKLAND, and S. A. KAVOURAS. Dehydration

Impairs Cycling Performance, Independently of Thirst: A Blinded Study. Med. Sci. Sports Exerc., Vol. 50, No. 8, pp. 1697–1703, 2018.

Purpose: The aim of the present study was to examine the effect of dehydration on exercise performance independently of thirst with

subjects blinded of their hydration status. Methods: Seven male cyclists (weight, 72 T 9 kg; body fat, 14% T 6%; peak oxygen uptake,

59.4 T 6 mLIkgj1Iminj1) exercised for 2 h on a cycle ergometer at 55% peak oxygen uptake, in a hot-dry environment (35-C, 30%

relative humidity), with a nasogastric tube under euhydrated–non-thirst (EUH-NT) and dehydrated–non-thirst (DEH-NT) conditions. In

both trials, thirst was matched by drinking 25 mL of water every 5 min (300 mLIhj1). In the EUH-NT trial, sweat losses were fully

replaced by water via the nasogastric tube (calculated from the familiarization trial). After the 2 h of steady state, the subjects completed a

5-km cycling time trial at 4% grade.Results: Body mass loss for the EUH-NT and DEH-NT after the 2 h wasj0.2% T 0.6% andj2.2% T 0.4%,

whereas after the 5-km time trial, it wasj0.7% T 0.5% and 2.9% T 0.4%, respectively. Thirst (35 T 30 vs 42 T 31 mm) and stomach fullness

(46 T 21 vs 35 T 20 mm) did not differ at the end of the 2 h of steady state between EUH-NT and DEH-NT trials (P 9 0.05). Subjects cycled

faster during the 5-km time trial in the EUH-NT trial compared with the DEH-NT trial (23.2 T 1.5 vs 22.3 T 1.8 kmIhj1, P G 0.05), by

producing higher-power output (295 T 29 vs 276 T 29 W, P G 0.05). During the 5-km time trial, core temperature was higher in the DEH-NT

trial (39.2-C T 0.7-C) compared with the EUH-NT trial (38.8-C T 0.2-C; P 9 0.05). Conclusions: These data indicated that hypohydration

decreased cycling performance and impaired thermoregulation independently of thirst, while the subjects were unaware of their hydration

status. Key Words: CORE TEMPERATURE, TIME TRIAL, DRINK, HYDRATION, HYPOHYDRATION, FLUID BALANCE

D
uring endurance exercise, especially in the heat,
maintaining adequate hydration is recommended for
optimal performance (1–4). Proper fluid replacement

reduces physiological strain (5) and diminishes thirst (6). Al-
though thirst plays an integral role in water homeostasis by
acting as a key signal to initiate fluid intake (6), it is suppressed
by the act of drinking (7). Some scientists have argued that thirst
alone, acting as part of an anticipatory regulatory system (8),
could impair exercise performance in dehydrated subjects (9).

Regardless of thirst, most previous studies showing that
dehydration impairs exercise performance have failed to blind
their subjects to fluid intake and/or hydration state. This absence
of blinding could induce a bias that might affect the results
based on subjects_ perceptions and expectations. Studies that

manipulated hydration status through fluid ingestion are limited
by the nature of drinking and its effect on thirst.

In 2015, two studies (9,10) investigated the effect of
hypohydration on exercise performance in a blinded manner
via intravenous infusion of isotonic saline during exercise.
Although both studies reported no differences in cycling per-
formance when subjects were dehydrated to 2%–3% body
weight, higher thermoregulatory and cardiovascular strain was
observed. Furthermore, both studies did not allow for the in-
gestion of any water during exercise.

Previous experiments have suggested that the act of
swallowing reduces thirst, increases performance, and inhibits
vasopressin release, via oropharyngeal stimulation (7,11–13),
as opposed to mouth rinsing. Interestingly, although ingestion
of small volumes of water alleviates thirst (14), drinking to
thirst during exercise often leads to involuntary dehydration
and might impair performance (15–17). Recently, James et al.
(13) observed the effect of hypohydration on exercise perfor-
mance in a blinded manner using nasogastric tubes to insure
blinding. Although James et al. found differences in perfor-
mance, the dehydrated trial led to a greater thirst rating.

Therefore, the aim of the present study was to investigate
the effect of dehydration on a 5-km cycling time-trial per-
formance independently of thirst with subjects blinded to
their hydration status.
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METHODS

Participants

Twenty-nine cyclists signed informed consent forms to
participate in the study. Twenty-one withdrew due to the dis-
comfort associated with the nasogastric tube insertion, whereas
one subject dropped out after the first trial. Seven male cyclists
(height, 1.78 T 0.1 m; weight, 72 T 9 kg; body fat, 14% T 6%;
peak oxygen uptake (V̇O2peak), 59.4 T 6 mLIkgj1Iminj1) that
completed the entire protocol were included in the analysis.
All cyclists had extensive racing experience and competed
regularly at USA Cycling category 3 or higher races. Eligi-
bility criteria for participation included other than competitive
cycling status, absence of any metabolic, cardiovascular, and
renal diseases, as well as history of heat stroke. The study was
approved by the university_s institutional review board and
participants gave their written consent before enrolment.

Preliminary Screening

During the preliminary screening, anthropometric charac-
teristics were recorded during the first visit at the laboratory.
Weight (Health-O-Meter Professional, 349 KLX, McCook,
IL) and height (Seca, Model 700, Hamburg, Germany) were
measured without shoes and with minimal clothing to the
nearest 0.1 kg and 0.005 m, respectively. Body composition
was determined via dual-energy x-ray absorptiometry (General
Electric, Lunar Prodigy Promo, Chicago, IL). V̇O2peak test
was performed on an electronically braked cycle ergometer
(Velotron,Racermate,Seattle,WA).After standardizedwarm-up
at 100 W, power increased by 40 W every 2 min until voli-
tional exhaustion. During the test, expiratory gasses were
analyzed via an online gas analyzer (Parvo Medics TrueOne
2400, Sandy, UT). At least three of the four following criteria
were used to verify attainment of V̇O2peak: 1) oxygen uptake
plateau with increased workload, 2) respiratory exchange ratio
greater than 1.1, 3) heart rate (HR) greater than 90% of age-
predicted maximal value (220 j age), and 4) perceived exer-
tion based on the 6–20 Borg scale greater than 17 (18).

Experimental Protocol

All subjects completed the experimental protocol on three
separate visits, first for familiarization followed by two ex-
perimental trials in a counterbalanced manner. The protocol
consisted of 2-h steady-state exercise (55% V̇O2peak) followed
by a 5-km time trial at 4% grade (19). The protocol was
designed so that the 2 h of steady-state exercise would lead to
the desired hydration status (dehydration or euhydration). The
subjects performed the two experimental trials without being
thirsty and maintaining euhydration (euhydrated not thirsty,
or EUH-NT) or while becoming progressively dehydrated
(dehydrated not thirsty, or DEH-NT). To clamp thirst at low
levels in both trials, subjects were drinking 25 mL of water
every 5 min during the 2-h steady-state phase of the protocol
and every 1 km during the 5-km time trial. During the EUH-NT
trial, water was infused to the stomach via the nasogastric tube

attached to an intravenous infusion pump to ensure steady flow.
The infusion rate was designed to match fluid losses based on
the subject_s familiarization trial. The amount of water infused
was corrected for water ingested to clamp thirst (25 mL every
5 min). Thewater for ingestion and gastric infusionwaswarmed
to body temperature (37-C) to prevent the subject from sensing
the cooler water entering the stomach during infusion, as well as
to avoid any cooling effect. To ensure blinding, the nasogastric
tube was inserted in both trials. Lastly, the experimental trials
were performed in themorning, at the same time of day, to avoid
diurnal variations (20).

Familiarization session. One week before the two exper-
imental trials, subjects completed the cycling session to get
familiarized with the experimental protocol (21). During this
familiarization, subjects were instructed to bring their own
water bottles and drink as much as they wanted from the
water provided. Sweat rate was estimated based on changes
in body weight corrected for water intake and urine output.
The protocol of this session was identical to the two exper-
imental trials, apart from blood draws and nasogastric tube
placement. After the familiarization session, subjects were
provided standardized, frozen meals (560 kcal, 10 g fat, 76 g
carbohydrates, 30 g protein) to consume the night before
each of their experimental visits and were instructed to fill
out a 24-h food diary which was replicated before their
second experimental trial. Subject were also instructed to
consume plenty of fluid the day before their trial to ensure
proper hydration.

Experimental trials. Upon arrival to the laboratory, a
urine sample was collected to assess pretrial hydration state
and proceeded to testing only when urine specific gravity
(USG) was less than 1.020 (3). Subjects then self-inserted a
rectal thermistor and a nasogastric tube (10-F, Corflo; Corpak
Medsystems. Buffalo Grove, IL) was then inserted at a depth
equal to the distance between the tip of the nose, to behind one
ear, then down to the xiphoid process of sternum. Placement
was confirmed by analyzing gastric fluid for pH testing (pHG5).
After securing the nasogastric tube on the nose with tape, the
external portion of the nasogastric tube was connected to an
extension tube running over the ear and toward the shoulder.

The subject then entered the environmental chamber
(35-C T 0.3-C, 30% T 0.2% relative humidity) and sat on the
ergometer for 20 min before a baseline blood sample was
taken from an antecubital vein without stasis. After baseline
measurements, the subjects cycled for 2 h at 55% V̇O2peak.
Subjects performed both trials in a randomized, counter-
balanced fashion separated by at least 1 wk. A fan producing
an air speed of 4.5 mIsj1 was directed at the subjects through-
out exercise, and subjects wore the same clothing for each trial.

Physiological andperceptualmeasurements. Wireless
skin temperature sensors (Maxim Integrated Products, Sunnyvale,
CA) were attached on the arm, chest, thigh, and leg. Mean
weighted skin temperature (Tsk) was calculated using the
Ramanathan equation (22). To record rectal temperature (Tre),
as an index of core temperature, a rectal thermistor (Physiotemp
Instruments Inc., Clifton, NJ) was inserted 10 cm past the

http://www.acsm-msse.org1698 Official Journal of the American College of Sports Medicine

A
PP

LI
ED

SC
IE
N
C
ES

Copyright © 2018 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



anal sphincter. HR was recorded via wireless HR monitor
(Polar Electro T31, Kempele, Finland). During the time trial,
all thermoregulatory and cardiovascular measurements were
recorded every 1 km. Whole-body sweating rate was estimated
based on changes in body weight corrected for water intake and
urine output. Cycling power output (W) and finishing time (s)
of the 5-km time trial were recorded in real time by the cycling
computrainer software (RacerMate Inc., Seattle, WA). Subjects
could view the screen profile of the course, but could not see
their time, cadence, power output, or HR. During the steady
state, subjects provided their rate of thirst (‘‘how thirsty are you
now’’) and stomach fullness (‘‘how full is your stomach now’’)
every 10 min using visual analog scales (23). The visual analog
scales used consisted of a 180-mm line with an anchor on the
left side (0mm, ‘‘not at all’’) and a second anchor on the 125-mm
mark with the label ‘‘extremely.’’ Because 25 mL of water was
provided every 5 min, the assessment of thirst was done before
drinking water to provide fair and objective indication. Lastly,
after the conclusion of the entire experiment, all subjects were
asked if they could perceive which trial they were in and if
they ‘‘felt like they performed better’’ in one trial compared
with the other.

Blood andurine analyses. Blood samples were obtained
via venipuncture without stasis at baseline, following steady
state, and immediately after the time trial. Urine was obtained
at baseline as well as after trial. USG and total plasma pro-
teins were measured using a hand-held refractometer (Atago
SUR-NE, Tokyo, Japan). Hematocrit was determined in
triplicate from whole blood using the microcapillary technique,
after centrifugation for 5 min at 10,000 rpm. Hemoglobin was
also measured in triplicate from whole blood via the cyanme-
themoglobin technique, using a commercially available kit
(Drabkin_s reagent; Sigma, St. Louis, MO). Percent change in
plasma volumewas calculated using theDill and Costill equation
(24). Plasma and urine osmolalities were measured in duplicate
via freezing-point depression from fresh samples (3250 Os-
mometer; Advanced Instruments Inc., Norwood, MA).

Statistical Analysis

All variables are presented as mean T SD because they
were normally distributed. Differences in the mean values or
the distributions of parameters between EUH-NT and DEH-NT
were assessed using Student_s paired t-tests. Two-way (treatment–
time) repeated measures of ANOVA were used to analyze
differences in variables across time points between treat-
ments. Post hoc analysis for comparing mean values be-
tween trials across time points, as well as different time
points, was applied by using the sequential Bonferroni cor-
rection rule. Using the data of Kenefick et al. (25), an alpha

level of 0.05, and a statistical power of 0.8, it was estimated
that six subjects would be required to reject the null hypoth-
esis for the primary outcome (i.e., time-trial performance). All
statistical analyses were performed using JMP Pro (version
12.1.0; SAS Inc., Gary, NC). A value of P G 0.05 was regarded
as statistically significant.

RESULTS

Familiarization visit. During the 2-h steady state of the
familiarization visit, subject sweat loss was 2.3 T 0.1 L with
average sweating rates of 1.2 T 0.1 LIhj1. Despite subjects
drinking ad libitum during the 2-h steady state, body weight
declined by j1.2% T 0.7%. During the 5-km time trial, sub-
ject sweat loss was j0.4 T 0.2 L with average sweating rates
of 1.7 T 0.8 LIhj1. Final percent dehydration for the whole
familiarization visit was j1.8% T 1.1% body weight. Power
output and cycling speed during the familiarization visit were
281 T 39 W and 22.4 T 1.7 kmIhj1, respectively.

Fluid balance. Preexercise body mass, USG, urine os-
molality, and plasma osmolality did not differ between
EUH-NT and DEH-NT (Table 1, P 9 0.05). Fluid balance
measurements during and after the 2-h steady state and 5-km
time trial are presented in Table 2. After 2 h of steady-state
exercise, body mass losses for the EUH-NT and DEH-NT
trials were j0.2 T 0.5 kg (j0.2% T 0.6% of body weight)
and j1.6 T 0.3 kg (j2.2% T 0.4% of body weight), respec-
tively (P G 0.05). No significant differences in percent change
in plasma volume (EUH-NT, j4.9% T 1.9%; DEH-NT,
j4.9% T 3.4%), sweat losses (EUH-NT, 2021 T 707 mL;
DEH-NT, 2037 T 223mL;P 9 0.05), or sweating rate (EUH-NT,
0.2 T 0.1 mgImj2Isj1; DEH-NT, 0.2 T 0.0 mgImj2Isj1; P 9
0.05). During the 5-km time trial, sweat losses seemed to be
84 mL greater in the EUH-NT than in the DEH-NT trial, but
did not reach statistical significance (EUH-NT, 670 T 222 mL;
DEH-NT, 586 T 164 mL; P 9 0.05).

Physiological, perceptual, and performance. During
2 h of steady-state cycling, there were no differences between
EUH-NT and DEH-NT in Tre (P 9 0.05; Fig. 1). During the
5-km time trial, Tre was higher in the DEH-NT trial (39.2-C T
0.7-C) compared with the EUH-NT trial (38.8-C T 0.2-C;
P 9 0.05). The Tre data during the 5-km time trial are presented
in Figure 1. DEH-NT resulted in significantly higher core
temperatures compared with the EUH-NT (P G 0.05; Fig. 1).

TABLE 1. Preexercise fluid balance results for both DEH-NT and EUH-NT.

Body
Mass, kg

UOsm,
mmolIkgj1 USG

POsm,
mmolIkgj1

DEH-NT 72.4 T 7.7 497 T 184 1.012 T 0.005 292 T 3
EUH-NT 72.2 T 8.0 382 T 131 1.010 T 0.004 291 T 2

POsm, Plasma osmolality; UOsm, urine osmolality.

TABLE 2. Fluid balance measurements during 2-h steady state and 5-km time trial.

2-h Steady State 5-km Time Trial

EUH-NT DEH-NT EUH-NT DEH-NT

Drinking, L 0.6 0.6 0.1 0.1
Gastric infusion, L 1.7 T 0.3 0 0.3 T 0.1 0
Total fluid intake, L 2.3 T 0.3 0.6 T 0.0 0.4 T 0.1 0.1 T 0.0
Body mass change, kg j0.2 T 0.5 j1.6 T 0.3* j0.5 T 0.4 j2.1 T 0.3*
Body mass change, % j0.2 T 0.6 j2.2 T 0.4* j0.7 T 0.5 j2.9 T 0.4*
Sweat rate, mgImj2Isj1 0.2 T 0.1 0.2 T 0.0 0.5 T 0.2 0.4 T 0.1
Sweat losses, mL 2021 T 707 2037 T 223 670 T 222 586 T 164
Plasma volume change, % j4.9 T 1.9 j4.9 T 3.4 j4.3 T 3.7 j7.6 T 5.4

*Statistically significantly different from EUH-NT at the same time point of the protocol
(P G 0.05).
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Final Tsk recordings were 35.4-C T 0.3-C vs 35.3-C T 0.5-C
for EUH-NT and DEH-NT, respectively. Furthermore, HR
was lower during the EUH-NTwhen compared with DEH-NT
(P G 0.05) from 55 min until the end of the 2-h steady state.
Final HR recording from 2 h of steady state was 144 T 10 for
EUH-NT and 153 T 13 for DEH-NT (P G 0.05). HR during
both EUH-NT and DEH-NT time trials reached 85% T 14%
of age-predicted maximal HR, but did not differ between the
two trials (P 9 0.05; Fig. 1). Thirst perception and stomach
fullness did not change during the 2 h of steady-state cycling
and no differences were observed between trials (Fig. 2).
Cycling power output was significantly greater during the
performance test in the EUH-NT (295 T 29W;P G 0.05; Fig. 3)
compared with DEH-NT (276 T 29W). Similarly, cycling speed
was significantly higher in the EUH-NT (23.2 T 1.5 kmIhj1;
Fig. 3) compared with the DEH-NT (22.3 T 1.8 kmIhj1; P G
0.05). Thus, cyclists on the EUH-NT (12.9 T 0.8 min) com-
pleted their 5-km time trial 32.9 T 14.3 s faster than theDEH-NT
(13.5 T 1.0 min; P G 0.05). Six of the seven subjects performed
better in the 5-km time trial during the EUH-NT than during the
DEH-NT trial (Fig. 4). Lastly, four of seven subjects said they
‘‘felt better’’ in the DEH-NT trial, whereas all seven of the
subjects could not differentiate between the two trials in terms
of treatment. Although the study was designed to be a per-
formed in a counterbalanced crossover fashion, with an odd
number of subjects (n = 7), it was not totally possible. Thus,
four and three subjects performed the DEH-NT and EUH-NT
trials first, respectively. Order-effect analysis indicated that

there was no significant effect neither on power output (P = 0.38)
nor on time to completion (P = 0.33).

DISCUSSION

The aim of the present study was to investigate the effect
of dehydration on cycling time-trial performance indepen-
dently of thirst with subjects blinded to their hydration status.
The main finding of this study was that euhydration (EUH-NT)
led to better exercise performance in the 5-km time trial
compared with the dehydration (DEH-NT). Furthermore, these
performance results occurred with similar, albeit low, thirst
perceptual responses.

These data agree with previous literature concluding that
hypohydration impairs endurance exercise performance. Logan-
Sprenger et al. (26,27) found that progressive dehydration
significantly increased core temperature, HR, whole-body
carbohydrate oxidation, and muscle glycogenolysis, whereas
these changes were apparent when body mass loss was G1%.
Furthermore, Bardis et al. (28) found that hypohydration of
j1.8% bodymass as a response to ad libitum drinking resulted
in increased core temperature, lower cycling power output, and
slower cycling speed during time trial.

In the present study, although no differences in core tem-
perature were observed during the steady-state cycling, the
DEH-NT trial induced higher core temperature in the time
trial. This core temperature difference between the two trials

FIGURE 1—Core temperature and HR during 5-km cycling time trial between DEH-NT and EUH-NT. *Statistically significant differences, P G 0.05
between trials at same time point.
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was almost 0.5-C when the subjects finished the 5 km. It
should also be noted that subjects in the DEH-NT trial had
higher core temperature despite cycling at a slower speed and
lower power output. As a result, during the DEH-NT, the higher
core temperature was a result of lower metabolic heat, indicating
impaired sweat sensitivity and thermoregulatory capacity.
Interestingly, the sweating in the EUH-NT trial seemed to be
84 mL greater than in the DEH-NT, although this difference
did not reach statistical significance. The magnitude of this
small and not statistically significant difference in sweating
could explain the differences in core temperature. The differ-
ence in cyclists_ core temperature between trials could be also
explained by two other potential mechanisms: (a) lower skin
blood flow during the DEH-NT and (b) poorer heat distribu-
tion within the body, secondary to reduced tissue blood flow.

Kenefick et al. (25) found that increasing skin temperature
proportionally accentuated hypovolemia and any additional
plasma volume loss likely results from increased net filtration rate
at the capillaries. Despite several other studies concluding that
skin temperature modifies the effect of hydration state on en-
durance performance (29,30), no differences in skin temperature
were found in the present study after 2 h of steady-state exercise.

Numerous studies have shown that dehydration impairs
cardiovascular function during exercise (25,31,32) via ele-
vated HR to compensate for decreased stroke volume (30).
In the present study, HR was higher during the 2-h steady-
state cycling in the DEH-NT trial from 55 to 120 min of the

steady-state exercise component. These differences in HR
could affect overall cardiac function, thermoregulation (i.e.,
skin blood flow), and exercise performance due to possibly
lower stroke volume. However, despite the gastric infusion

FIGURE 3—Mean cycling speed and mean power output during the
5-km cycling time trial between DEH-NT and EUH-NT. Percentage
values signify the percent difference between the two trials. *Statisti-
cally significant differences, P G 0.05 between trials.

FIGURE 4—Individual performance data during the 5-km time trial in
DEH-NT and EUH-NT trials plotted with a line of identity. Each point
represents a different individual participant.

FIGURE 2—Thirst and stomach fullness visual analog scale responses
during 2-h steady state between DEH-NT and EUH-NT.
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of water, no differences were found in plasma volume between
trials. Lastly, no differences were observed in HR during the
time trial. Kenefick et al. (25) also found no differences in HR
at the end of 15-min time trial independently of ambient tem-
perature (10-C, 20-C, 30-C, 40-C) or hydration state.

Despite the large body of literature consistently showing
the detrimental effect of hypohydration on exercise perfor-
mance (1,4,23,25,33,34), the vast majority of these studies are
confounded by the lack of experimental blinding on hydration
state. In previous studies, hydration has been manipulated via
a number of methods such as exercise-induced hypohydration
(35,36), overnight fluid restriction (37), diuretics (38), and
intravenous fluid administration (9,10). With few exceptions
(13,28,37), the previous methods have been conducted in a
nonblind manner; thus, the subjects were aware of whether
they were in the hypohydrated or euhydrated trial. Despite the
majority of data showing that fluid restriction impairs exer-
cise performance (39), there is a possibility that knowing you
are hypohydrated and expecting a decline in performance
could work as nocebo. However, in the present study, hydration
status was manipulated during exercise in a blinded manner by
infusing water to the stomach, via a nasogastric tube. Therefore,
the impairment in performance seen in the present study is not
the result of subjects_ expectation.

In 2015, two studies attempted to eliminate the bias of
thirst on exercise performance and blind subjects to their
fluid balance. Wall et al. (10) found that when cyclists were
dehydrated byj3% of body mass, they exhibited higher core
temperatures during their 25-km time trial, despite having
similar ratings for thirst perception. In this study, after exercise-
induced dehydration, euhydration was induced by intravenous
infusion of 3% of body weight, j2% dehydration by infusion
only 1% of body weight, andj3% by sham infusion. What is
interesting is that after rehydration, during the j2% dehydra-
tion, plasma volume expanded significantly, although subjects
were still j2% hypohydrated. This plasma volume expansion
was no different between the j2% body mass loss trial and
the euhydrated trial (i.e., full fluid replacement), thus justify-
ing the fact that dehydration ofj2% showed no performance
impairment compared with the euhydrated trial. The mecha-
nism behind this lack of difference could therefore be plasma
volume expansion, rather than the dehydration, based on the
body water deficit.

Similarly, Cheung et al. (9) found that when cyclists were
hypohydrated by 3% body mass, they experienced higher
core temperatures and HR during the last half of their 20-km
time trial. Furthermore, the cyclists were also provided mouth

rinse to control for thirst, as both previous studies did not allow
drinking. The process of drinking water has been shown to
reduce thirst, increase performance, and inhibit vasopressin
release, via oropharyngeal stimulation (7,11). In the present
study, the nasogastric tube bypassed the oropharyngeal receptors;
however, subjects were provided a small amount of drinking
throughout the protocol, to keep thirst low. This technique did
not prevent dehydration, but could keep thirst perception low and
similar between the two conditions (Fig. 2).

Recently, James et al. (13) used a similar blinding protocol
to examine the effect of hypohydration on exercise perfor-
mance via gastric infusion and drinking in recreation cyclists.
Despite having no differences in bloating and stomach full-
ness throughout the protocol, the subjects showed differences
in thirst perception after 155 min of steady-state exercise. This
difference in thirst could have been due to the small amount of
water ingestion, 16 mL/10 min, which is a lesser volume than
in the present study (25 mL/5 min) which showed no differ-
ences thirst between trials. However, when subjects were
hypohydrated toj2.5% body mass, they exhibited higher HR
during the steady state, as well as lower performance in the
performance test, similar to the present study.

In conclusion, dehydration impaired cycling performance
during a 5-km time trial in the heat, independently of thirst,
when subjects were unaware of their hydration state. This im-
pairment was likely the result of cardiovascular strain, which
could then affect thermoregulation. Further research is needed
to evaluate the effect of blinded rehydration in different sports
of varying intensities while also examining the mechanistic
causes of the impairment caused by dehydration (i.e., skin
blood flow, cardiac output, etc.).
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