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ABSTRACT

This study focused on the effects of 5- and 10-min fluid replace-
ment intervals on heart rate, rating of perceived exertion (RPE),
and posttrial oral temperature during a 1-hr bicycle exercise
bout in a hot (32 + 1.5 °C), humid (70 + 3%) environment. Three
experimental conditions were used: no water replacement, 400-
ml water prior to and 100 ml every 5 min, and 400-ml water
prior to and 200 ml every 10 min. Differences were significant
between no-fluid and 5-min fluid replacement conditions for
heart rate after 25 min. Mean posttrial recovery heart rates
differed significantly during all conditions. Mean RPE differed
significantly between no-fluid and 5-min fluid replacement
conditions after 30 min. Mean posttrial oral temperatures dif-
fered significantly between no-fluid and 5-min fluid replace-
ment conditions. A 5-min fluid replacement interval of 100 ml
may be optimal for benefits on heart rate and RPE.
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Introduction

When an individual becomes dehydrated, exercise perfor-
mance is impaired due to slowed heat dissipation, causing
an elevation in core body temperature and exacerbating
fatigue. Dehydration reduces blood volume, which in
turn reduces stroke volume and elicits an increase in heart
rate (1, 4, 6, 10-12, 14-16, 19, 20, 23, 24). Dehydration has
also been shown to have an adverse effect on the psyche
(20). All of these factors reduce endurance.

Research has revealed that drinking fluids before
and during exercise attenuates decrements in perfor-
mance associated with dehydration (1, 4, 12-14, 18, 20,
22, 25, 26). Thus prehydration and continual fluid in-
take during exercise are needed to replace lost fluids
and to improve or maintain performance. Since ad
libitum fluid consumption has been found inadequate
for maintaining proper hydration during exercise (1),
a standard fluid replacement schedule is necessary.

The American College of Sports Medicine (2) in
1984 had recommended that runners drink 100 to 200
ml of fluid every 2 or 3 km run in competition. This
means runners could consume anywhere from 200 to
over 2,000 ml - h™, depending on how fast they run
and how they interpret the recommendation. For in-
stance, an individual running 15 kph could consume
from 500 (100 ml - 3 km™) to 1,400 ml 200 ml - 2
km™) of fluid. Therefore this schedule was problematic
because it was based on distance rather than time.

In 1988, to minimize the dangers of exercising in the
heat, the ACSM (3) further recommended that individuals
drink 400 to 500 ml of fluid before and 300 ml - min*
during exercise. This schedule also could be problematic
due to the long interval between drinking periods, re-
sulting in a decline in gastric volume between drinks.

To maximize gastric emptying, gastric volume must
be maintained (8, 9). Coyle and Montain (9) suggested
most individuals could absorb 1,000 ml of fluid an hour
during exercise. Costill and Saltin (8) found that colder
fluids are absorbed more readily than fluids at body
temperature, and that a temperature of 5°C is optimal.
Based on these studies, an optimal rate of fluid replace-
ment would be approximately 1,000 ml - h™ at 5°C.

Thus, to help attenuate the increases in heart rate and
psychological distress associated with exercise intensity,
dehydration, or heat stress, the question arises as to how
quickly one should replace fluids lost through sweating
while engaged in physical activity. Heart rate and RPE
are indicative of the amount of stress endured during
exercise. As the stress of exercise becomes greater in inten-
sity or duration, heart rate and RPE increase. Furthermore,
this increase is exacerbated under extreme environmental
conditions. Hence heart rate and RPE provide valuable
information on theeffect of the overall stress one encoun-
ters while exercising in a hot, humid environment.

The purpose of this investigation was to study the
effects of differing fluid replacement rates on the physio-
logical and psychological determinants of stress during
exercise in a hot, humid environment. Specifically exam-
ined were the effects of fluid replacement rates on heart
rate and RPE while exercising at 65% max HR in an
environment of approximately 32 + 1.5°C and 70 + 3% RH.
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Methods

Subjects

The study was approved by the university’s research
committee for the protection of human subjects. In all,
18 trained males signed consent forms to participate
but 3 later withdrew from the study (see Results). The
physical characteristics of the 15 subjects were as follows:
age 28.9 £ 1.5 yrs; height 179.0 £ 1.4 cm; weight 77.1 £
1.8 kg; predicted VO,max 50.0 + 3.0 ml - kg™ - min™.

Procedures

During a preliminary evaluation the subjects were
tested for predicted VO,max using the Astrand Ryhm-
ing submaximal bicycle ergometer test for descriptive
purposes. The test was used to determine each subject’s
workload for the exercise trials as follows: Subjects
pedaled at a cadence they could comfortably maintain
for 1 hr, and resistance was increased until a 65% max
heart rate, approximately 50% VO,max (21), was
achieved for a steady-state period of 10 min.

All trials were conducted in a sauna; subjects wore
cycling shorts and shoes. Each subject completed three
exercise trials on a Monark bicycle ergometer equipped
with an electronic measuring device (Cateye Micro
cyclocomputer) that recorded cadence and kilometers
completed. Heart rate was obtained via a heart rate
monitor (Polar Vantage, XL). Ambient and oral tem-
peratures were measured by a telethermometer (Yel-
low Springs Instrument Co.). RPE data were obtained
using the Borg 15-point scale (5).

Water, the replacement drink for the 5- and 10-min
fluid replacement trials, was administered at approxi-
mately 5°C. Subjects completed three 60-min exercise
trials in an environment of approximately 32 + 1.5°C
and 70 + 3% relative humidity, produced by the use of
a sauna and vaporizers. One trial involved no fluid
replacement. A second trial included a preexercise drink
of 400 ml of water administered 5 min prior to the start,
then 100 ml of water every 5 min during the trial. A
third trial involved the preexercise drink, then 200 ml
of water every 10 min. Assigned randomly, the trials
were conducted at the same time of day and were com-
pleted within a 2-week interval of each other.

Each trial followed a 2- to 3-hr fast. When each subject
arrived at the sauna, his weight, resting heart rate, and
oral temperature were recorded. If he was to receive fluid
during the trial, he was given a preexercise 400-ml drink.
After a 5-min rest he entered the sauna and began the
exercise trial. Heart rate, ambient temperature, and rela-
tive humidity were monitored continuously during each
trial. Heart rate was recorded every minute; RPE and
kilometers completed were recorded at 5-min intervals.

At the conclusion of the trial, oral temperature
was taken, a 5-min standing recovery heart rate was
recorded, and the subject was weighed and excused.

A two-factor (condition by time) repeated mea-
sures ANOVA was used to determine statistical differ-
ences. A Tukey post hoc test was used to probe any

significant main effects. The 0.05 level of probability
was used to determine significance.

Results

Two subjects withdrew because of volitional exhaustion
and a third because of a sudden drop in heart rate of 20
beats - min™. These data were excluded from the statisti-
cal analyses. Means and standard deviations for kilome-
ters completed did not vary significantly among trials.

Testing Profile

Heart Rate. Mean pretrial heart rates did not differ sig-
nificantly (see Table 1). Mean exercise heart rates, shown
in Figure 1, increased over time for all three conditions
and differed significantly between the no-fluid and the
5-min fluid replacement trials. There were significant
differences between no-fluid and the 5-min fluid replace-
ment conditions at Minutes 25, 30, 35, 40, 45, 50, 55, and
60. No significant differences were observed for exercise
heart rate between the no-fluid and the 10-min fluid
replacement trials. Posttrial heart rates (see Table 1) were
significantly different among conditions.

RPE. Mean RPE values are presented in Figure
2. Differences between RPE in the no-fluid and the 5-
min fluid replacement trials were significant. Post hoc
data revealed significance at Minutes 30, 35, 40, 45, 50,
55, and 60 between the no-fluid and the 5-min fluid
replacement trials. Mean RPE values in the 10-min
fluid replacement trial were between those of the no-
fluid and the 5-min fluid replacement trials and not
significantly different from the former.

Oral Temperature. Pre- and posttrial oral temper-
atures (see Table 1) reveal a significant difference be-
tween the no-fluid and the 5-min fluid replacement
conditions for posttrial oral temperatures.

Body Weight. Mean pretrial body weights did not
differ significantly (see Table 1). The change in weight

Table 1
Pre- and Posttrial Values for 15 Subjects

Pretrial Posttrial

Condition M SE M SE
Heart rate (beats - min™)

No fluid 64 3.10 1.58%¢ 3.26

5-min 65 342 1378¢ 5.64

10-min 64 3.11 145 5.36
Oral temperature (°C)

No fluid 35.18 0.31 37.78° 0.41

5-min 3541 0.13 36.78* 0.28

10-min 35.17 0.15 37.22 0.31
Body weight

No fluid 76.97 1.84 75.66 1.80

5-min 77.29 1.75 77.18 1.78

10-min 77.05 1.73 76.94 1.72

Signif. diff., p < 0.05, from: *no fluid; ®5-min; °10-min.
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Figure 1. Mean exercise heart rates by condition. *Signifi-
cant differences, p < 0.05, between no-fluid and 5-min trials.
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Figure 2. Mean ratings of perceived exertion by condi-
tion. *Significant differences, p < 0.05, between no-fluid
and 5-min trials.

was —1.31 kg in the no-fluid trial, -0.11 kg in the 5-
min fluid replacement trial, and -0.11 kg in the 10-min
. trial. These values represent a dehydration level of
1.7, 0.1, and 0.1% in the no-fluid, 5-, and 10-min fluid
replacement trials, respectively.

Discussion

In the no-fluid trial, subjects exhibited a larger increase
in heart rate and RPE than in the fluid replacement trials.
This once again demonstrates the pernicious effects of
dehydration (1, 4, 6, 10, 11, 22). Heart rate increased by
roughly 65, 45, and 55 beats - min™' during the no-fluid,
5-, and 10-min fluid replacement trials, respectively.
Ryan et al. (22) reported similar findings: an increase of
70 beats - min™ for a fluid replacement schedule of 350
ml - 20 min™ of water and various other drinks.
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Results of the current study contradict the conclu-
sion of Costill et al. (7) that fluid intake had little influence
on heart rate. Our subjects had heart rates of 185, 167,
and 175 beats - min™ for no-fluid, 5-, and 10-min fluid
replacement regimens, respectively. In contrast, Costill
et al. reported heart rate values of 154 and 150 beats -
min™ at 60 min for no-fluid and water trials, respectively.

The difference in heart rate response could be re-
lated to the dissimilar environment, mode of exercise,
work level, or a combination of these. Costill et al.’s
environmental conditions, at 24.8 to 25.6°C and 49 to
55% relative humidity, were less severe than those
in the current study. Also, their subjects exercised by
running at 70% VO,max whereas our subjects cycled
at approximately 50% VO,max. Similar to the current
study, Barr et al. (4) also reported significantly higher
heart rates over time in a no-fluid trial compared to a
water replacement trial. But their subjects exercised
for several hours at 55% VO,max in environmental
conditions of 30°C and 50% relative humidity.

In the present study, heart rate increased progres-
sively in each trial, the largest increase occurring in
the no-fluid trial. These findings—the recorded loss of
1.31 kg (1.7%) in body weight and an 18 and 10 beats
- min™ increase during the no-fluid trial compared to
the 5- and 10-min fluid replacement trials—are in
agreement with the conclusions of Buskirk et al. (6)
and Saltin (23) that dehydration increases heart rate.

The increase in heart rate for our subjects was attenu-
ated during the fluid replacement trials, especially during
the 5-min one. Mean exercise heart rates were significantly
lower in the 5-min fluid replacement trial than in the no-
fluid trial; however, no significant differences were found
for the 10-min fluid replacement and no-fluid trials.
Therefore a 5-min fluid replacement interval was better
than a 10-min one for attenuating the increase in heart
rate resulting from exercise in a hot, humid environment.
This supports the linear relationship Montain and Coyle
(17) established between the magnitude of increase in
heart rate and percent body weight lost.

Since our subjects became progressively more de-
hydrated in the no-fluid trial (evident by a 1.31-kg loss
in weight), the increase in heart rate that was observed
may be linked to dehydration. However, given that
a 5-min fluid replacement trial attenuated heart rate
further than a 10-min one, the attenuation in heart rate
is not only linked to a decrease in weight (the amount
of weight loss was the same in both fluid replacement
trials) but also to the rate of fluid replacement.

Our findings on recovery heart rates correspond
with those of Greenleaf et al. (15) that dehydrated indi-
viduals have a higher recovery heart rate. Thus the
fact that fluid replacement at 5-min intervals results
in a lower recovery heart rate displays the worth of
the 5-min fluid replacement interval during exercise.

RPE increased progressively during each trial. At
Minute 60 the largest increase was found in the no-fluid
trial (18.9), followed by the 10-min fluid replacement trial
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(17.4) and the 5-min one (16.4). Montain and Coyle (17)
reported similar findings after their subjects exercised at
approximately 65% VO,max in 33°C temperature and
50% relative humidity. RPE increased progressively dur-
ing exercise; without fluid replacement it reached a level
of 17.6, compared to 15.8, 14.0, and 13.4 for small, moder-
ate, and large fluid consumption trials, respectively.

The values in the present study were higher, how-
ever, and could be related to two factors: (a) Montain
and Coyle (17) employed lower relative humidity than
in our study; (b) we did not use a fan to circulate the air
to correct for convective heat loss. Our findings are also
in agreement with those of Barr et al. (4), who concluded
that RPE increases over time and is significantly higher
in a no-fluid trial than in a fluid replacement trial.

Noakes (20) stressed the importance of fluid replace-
ment to combat the psychological disturbance of dehy-
dration that results in “a low morale [and a] don't-give-a-
damn-for-anything attitude” (p. 301). Montain and Coyle
(17) concluded that the constant increase in RPE is attenu-
ated by fluid replacement. Moreover, they found that
the more closely fluid replacement matches fluids lost
through sweating, the lower the RPE. Our results reiter-
ate these findings. The RPE in the 5-min fluid replace-
ment trial differed significantly from that in the no-fluid
trial, whereas the values for the 10-min fluid replacement
trial were intermediate and not significantly different.

The current study agrees with previous investiga-
tions (4, 6, 7, 10, 20, 24) in that fluid intake attenuates
the increase in body temperature during exercise. Post-
trial oral temperatures were highest in the no-fluid trial,
followed by the 10- and 5-min fluid replacement trials,
each being significantly different. Hortsman and Hor-
vath (16) reported there was a “failure of temperature
regulation during dehydration” (p. 446) and that subjects
will gain heat when dehydrated. This finding was con-
firmed by the current study, as evidenced by the higher
oral temperatures in the no-fluid trial. Moreover, the 5-
min fluid replacement trial produced lower values than
the 10-min one, again proving the effectiveness of 5-min
fluid replacement intervals at attenuating the increase in
body temperature.

Practical Applications

The results illustrate that fluid should be made avail-
able every 5 min for participants engaged in physical
activity in hot, humid environments. Specifically, indi-
viduals exercising in such environments should prehy-
drate (400-500 ml) and drink 100 ml of fluid at 5-min
intervals to reduce the effects of dehydration and heat
stress. In regard to summer events conducted in the
heat and humidity, event sponsors, race directors, and
coaches should educate participants about the deleteri-
ous effects of dehydration and the need to rehydrate.
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