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Kang Il Lim and Soung Yob Rhi. The effects of landed and aquatic treadmill walking at moderate intensity on heart rate, energy
expenditure and catecholamine. JENB., Vol. 18, No. 2, pp.197-204, 2014 [Purpose] The present study was to examine whether
or not the appropriate exercise intensity of water-walking could be accurately prescribed by land-based walking speed. [Methods]
Using a crossover design, nine healthy male college students completed bouts of walking for thirty minutes at 100m/min, 50m/min,
respectively, on land and water treadmills. Heart rate (HR), ratings of perceived exertion (RPE), energy expenditure, blood lactic
acid and catecholamine concentration were measured. Two-way repeated measured ANOVA was used with the SPSS program
for data analysis. [Results] HR (P <0.001), RPE (P <0.001), energy expenditure (P <0.001), blood lactic acid (P <0.001) and
epinephrine concentration (P <0.05) were significantly increased during walking both in water and on land. The change of HR
was significantly lower at S0min/m in water than 100min/m on land (P <0.01). There were no significant interaction effects for
RPE, energy expenditure, blood lactic acid and catecholamine concentration, but these variables were slightly lower in water than
on land. These results indicated that the use of land walking speed-based prescriptive norms would underestimate the physiological
cost in water walking at the moderate intensity. [Conclusion] Therefore, approximately two-half of the speed would be needed
to walk in water in order to obtain the same level of physiological load as during treadmill walking at the moderate intensity.
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INTRODUCTION

Aquatic exercise has excellent exercise effect and stability
than any other sports on the ground because of the properties
of water, such as water temperature, water pressure, buoyancy,
and resistance [1], and especially, the buoyancy reduces the
stress of gravity to the people whose musculoskeletal system
is weak or the people having uncomfortable body, and
improves the aerobic function and flexibility while reducing
the impact and stress of musculoskeletal system by minimi-
zing the pressure applied to waist, hip, knee, ankle joint and
foot [2]. Thus, the aquatic exercise has been extensively
utilized for the purpose of rehabilitation related to various
sports injuries, including the disease prevention in terms of
health care.

Recently, the previous studies related to most of the aquatic
exercise have represented the interest in the effective aspect

of exercises as a part of health, rehabilitation, treatment, and
general conditioning exercise program of the general public
[1,3,4], whereas, they have not presented the correct prescription
criterion of aquatic exercises. Since the mid-1990s, the early
studies have conducted the research for the respiratory
circulation and metabolic response at the time of the exercise
walking on the aquatic treadmill by the development of an
aquatic treadmill equipment [5-9], but various physiological
responses of the exercise intensity for the aquatic walking
comparing with the landed treadmill walking exercise is not
clearly known.

The aquatic treadmill running is just as effective as the
landed treadmill running for the aerobic conditioning of
healthy individuals [10]. Shono ef al. [11] have suggested
that the relationship between the heart rate obtained in the
gradual walk test in the ground and maximal oxygen uptake
(VO.max) can be used to prescribe the exercise intensity of
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aquatic walking exercise, and also, the heart rate and Ratings
of Perceived Exertion (RPE) have suggested as an effective
indicator for the exercise prescription while the aquatic
walking in the same way as the land-based walking [12]. On
the other hand, recently, Phillips ef al. [13] have suggested
that as the results testing the gradual exercise load using the
landed and aquatic treadmill targeting obese women, because
the maximal physiological responses of the underwater
running is different in comparison with the landed treadmill
walking, the criteria of VO,max obtained from the landed
treadmill is not recommended for the aquatic exercise inspection.
Thus, the aquatic treadmill exercise has been typically used
for aerobic training for rehabilitation period, but the evalua-
tion for whether it can be brought the cardiorespiratory stress
corresponding to the ground exercise is unclear. Migita et
al. [14] have compared the reaction of circulation respiratory
system of a middle-aged man during treadmill walking and
flowmill walking. They have reported that the correlations
between the heart rate and oxygen uptake at the time of two
type of exercise walking are similarly appeared, and they have
proposed that approximately twice speed is required in the
general treadmill in order to obtain the identical level of the
physiological effort. Also, in the study of Shono ef al. [11,
12], they have set up the intensity of the walking exercises
on the general treadmill of 40, 60, 80 m/min, and the aquatic
treadmill of 20, 30, 40 m/min, using the same speed application
principle. However, it is considered that the intensity of their
general treadmill walking is slightly low for the effects of
exercise capable obtaining by that actual general public
conducts the aerobic exercise as a walking exercise of low
intensity. In other words, if considering that the most
appropriate walking speed is 50 ~100 m/min (1.9 ~3.7 mph)
[15], the walking exercise applied by Shono et al. [11]
belongs to the exercise of low intensity. In addition, according
to the report of LeMasurier & Guy [16], ACSM recommends
the walking of moderate intensity 80 m/min corresponding
to 3.3 METs, and in the case of the U.S. public health and
sanitation, the physical activity of moderate intensity of the
brisk walking corresponding to 3.0-6.0 METs is recom-
mended. Thus, in general, comparing and evaluating the speed
of 50 m/min of the aquatic treadmill walking corresponding
to 100 m/min which is the power walking speed of the
moderate intensity on the landed treadmill should become an
important consideration for the setting of the recommendation
exercise intensity for water-walking. In other words, whether
the application principle of the landed and aquatic walking
speed proposed in previous studies is also applied at the same
rate in a moderate-intensity speed as well as a low-intensity,
also, whether their physiological reactions is identical in the

moderate-intensity when applying the speed difference of 1/2
times, will enable the method approach for the prescription
of aquatic walking exercise. In this study, the authors intend
to evaluate the difference between the heart rate and RPE
indicating the exercise intensity by applying the speed
principle of water-walking proposed in previous studies, and
to investigate the possibility of the prescription of exercise
intensity based on the landed treadmill walking speed for the
setting of intensity of the medium intensity-aquatic walking
exercise by comparing the momentum through the stress index
and the measurement of energy expenditure of blood lactic
acid, and catecholamine, etc.

METHODS

Research object

The subjects of this study have not conducted a regular
walking exercise for recent six months, but nine healthy male
college students who have the basic physical strength were
selected. They have not the cardiopulmonary dysfunction, and
the medical conditions including special heart disease, and
they agreed voluntary to participate in the experiment after
hearing the purpose and description for the experiments. Their
physical characteristics are the same as in Table 1.

Experimental method

In order to measure the subject’s physical characteristics
by the prior experiment, the body measurement and the body
fat measurement were performed, and the maximum oxygen
intake through the exercise test was measured. Unlike the
landed treadmill, most of subjects who have not experienced
the aquatic treadmill walking exercise have practiced the
aquatic treadmill walking by twice, respectively, for adapting
the underwater walking through the prior experiments. Each
subject wears a swimming suit after arriving at H Institute
of Sports Medicine, and carried out the aquatic treadmill
walking exercise after taking a rest for 10 minutes to maintain
the pulse rate in the stable state. The exercise performance
order is determined by the design method for cross over study,
and nine subjects are divided into A group (n=35) and B
group (n=4) in order to exclude the effect of the measure-

Table 1. General characteristics of subjects

n Age Height Weight Body fat VOzmax
(yrs) (cm) (kg) (%) (ml/kg/min)
9 232+12 1787+48 738+72 14.6+x46 43.7+37

Values are mean + SD.



Kang Il Lim and Soung Yob Rhi/J Exerc Nutr Biochem 18(2):197-204, 2014 199

ment sequence, and they carry out the Landed treadmill
walking (LTW) and the Aquatic treadmill walking (ATW)
while changing the measurement sequence at intervals of one
week.

Exercise method

Experimental procedure and setting of exercise intensity

The land-based walking was performed on the general
treadmill (Quinton, Sensormedics, USA). In general, the most
appropriate walking speed is 50 ~100 m/min (1.9~3.7 mph),
and because the power walking is the speed of 80~107.2
m/min [15,16], the protocol of the landed treadmill walking
exercise in this study was performed for total 30 minutes at
the speed of 100 m/min which is corresponded to the power
walking of moderate intensity, and the gradient of the
treadmill was fixed to 0%.

On the other hand, the water-walking was performed on
the aquatic treadmill (Aquaciser II, Ferno Ille Co., Ltd., USA)
capable of adjusting the belt speed up to 216 m/min (8 mph).
Each subject was performed the walking at the speed of 50
m/min corresponded to 1/2 times of the landed treadmill speed
for the same time as the landed treadmill. The shaking of
the subject’s arms was allowed in order to maintain balance
during walking in water, and the gradient of the treadmill
is 0%, and the depth of water was applied to bottom of each
subject’s the xiphoid process of the pit of the stomach side.
According to previous studies, they have reported that the
walking exercise at water temperature of 30°C lays minimal
burden on the heart, and the circulation ability become
smooth, and the needed temperature control requirement for
the heart regulatory is least. Thus, the water temperature was
maintained at 30~31C, and the temperature of laboratory
was also maintained at 23~257C.

Measurement items

In order to investigate the subject’s physical characteristics,
the percentage (%) of body fat was measured using a body
composition analyzer (Inbody 3.0, Biospace, Korea), and the
maximal oxygen uptake (VO,max) was measured to investigate
their cardiopulmonary through the prior experiment.

VO,, VCO,, and the amount of ventilation (VE) were
measured every 10 seconds by a portable gas analyzer (Vmax
ST, Sensormedics, USA), and the heart rate was measured
using a portable heart rate monitor (polar system, USA). RPE
was measured every 5 minutes [18], and also the energy
expenditure from the start time to end time of exercise was
calculated using VO, and R (respiratory exchange ratio). The

energy expenditure was obtained by substituting the values
of VO, and R measured every 10 seconds during exercise
into Weir formula [19] [energy expenditure = VO, x (3.9 +
1.1 xR) (kcal/min)].

Blood samples were collected for the concentration analysis
of lactate and chatecholamine. The blood lactate concentration
was measured by sampling the blood of 0.25ml every 5
minutes by a lactate analyzer (1500, YSI, USA). For the blood
collection before and after exercise, the blood of 10ml,
respectively, was collected from the forearm vein using a
disposable syringe (Becton Dickinson VACUTAINER System)
sterilized in vacuum, and the analysis of the plasma epine-
phrine and norepinephrine was performed by using HPLC-
ECD (High-pressure liquid chromatography electochemical
detector system).

Data processing

For all statistics processing, SPSS-PC (version 12.0) was
used. The average and the standard deviation for the
measurement value by each variable were calculated, and the
two-way repeated measure analysis of variance (ANOVA)
was used for the significance test for the difference by the
exercise time (resting, 5 min., 10 min., 15 min., 20 min.,
25 min., and 30 min.) between the walking types (landed
treadmill vs aquatic treadmill), and the contrast test was
performed for the significant difference verification between
groups by each time. In particular, 2 x 2 repeated measure
ANOVA for the catecholamine was performed in order to
investigate the interaction between the walking type and the
exercise time (pre vs post). The significance level of all
statistical processing was investigated as p <.05.

RESULTS

Changes in heart rate

The change of heart rate by the aquatic and landed walking
exercise for 30 minutes is equal as shown in Table 2. The
statistically significance difference was also found in the
interaction effect between time and group, as well as the main
effect for time (P <0.001) and the main effect for the group
(P <0.05). In other words, the heart rate was increased in
both groups as the time is elapsed during 30 minutes walking
exercise, but the higher change of heart rate in the landed
walking group than the aquatic walking group was shown.
Especially, as a result of the contrast test presented in Fig.
1, the difference by a time point for the time showed the
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Table 2. The changes of HR, RPE, energy expenditure and blood lactic acid concentration during ATW and LTW

Variables Group Rest Smin 10min 15min 20min 25min 30min P

HR (beat/min) ATW 771446  960+55  103.8462 1078476 1100+70 113.0£97 1160£11.6 a*** p* c**
LTW  777+44  1087+137 1151+152 1217151 1247=153 1281+153 1299158

RPE ATW  7.7+0.1 8.8+0.4 92+0.7 10106  107+05 113205 11804  a®¥* b*
LTW 78402 92404 100£0.7  11.0£11 11711  121£12 12709

Energy expenditure ~ATW 145425  22.6+46  48.1+79  746+126 10194170 129.1+21.8 [58.6+23.6 a**+

(keal) LTW  159+18  27.0+88  555+138 8492190 1143+23.6 1449+289 171.6+322

Blood lactate ATW  L11£0.14  154£036 2022044 1984034 1474032  113£0.19 098009  a*+ b+

concentration (mmol) [ Tw 1294029  2.10+0.63 258+049 2554071 1924071 1594085  1.36+045

Values are presented as mean + SD.
*p<0.05, **p<0.01, ***p<0.001, a: time, b: group, c: time X group.

HR: Heart rate, RPE: Rating of Perceived Exertion; ATW: aquatic treadmill walking, LTM: landed treadmill walking.
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Fig 1. Contrast test on the changes of HR, RPE, energy expenditure and blood lactate concentration during ATW and LTW. *p<0.05 vs pre time (main
effect for time); “p <0.05 vs rest (interaction effect for time and group); bp<0.05 vs 10minute (interaction effect for time and group); HR: heart rate;
RPE: rating of perceived exertion; ATW: aquatic treadmill walking, LTM: landed treadmill walking

significance increase every 5 minutes, and the change of the
heart rate between the resting vs 5 min. (P <0.05), 10 min.
vs 15 min. (P <0.05) showed more rapid increase in the
landed walking group than the aquatic walking group.

Change of RPE

The change of RPE for the aquatic and landed walking
exercises showed the main effect (P <0.001) of time and the
main effect (P <0.05) of group as shown in Table 2, but the
interaction effect of time and group did not show statistically
significance differences. It showed that the walking exercise
for 30 minutes increases RPE irrespective of the type.
Especially, it showed that the RPE of the landed walking was

significantly higher in comparison with the aquatic walking,
but the trend of change for time was not different. In addition,
as a result of the contrast test as shown in Fig. 1, the difference
by a time point about time showed the significance difference
every 5 minutes in comparison with each previous time point
(P <0.001), but the difference of change between the groups
considering the time did not show in any time point.

Changes in energy expenditure

As shown in Table 2, the change in the energy expenditure
for the aquatic and landed walking exercise for 30 minutes
did not show the main effect of group and the interaction
effect between group and time, and only the main effect about
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time showed statistically significance difference (P <0.001).
As shown in Fig. 1, as a result of the contrast test by time
point, it showed the significant increase every 5 minutes in
comparison with each previous time point, respectively (P <
0.001), but it is considered that there is no difference of the
energy expenditure by both walking exercise because the
difference of the change between groups considering time did
not also show in any time point.

Change in blood lactic acid concentration

The blood lactic acid concentration for the aquatic and
landed walking exercise are the same as Table 2. It showed
the main effect for time (P <0.001) and the main effect for
the group (P <0.001), but the interaction effect between time
and group did not show the significant difference. The blood
lactic acid showed higher numerical value in the landed
walking than the aquatic walking, but it showed that the trend
of the change about time was not different. Especially, as
a result of the contrast test by time point showed the
significant increase between the resting vs 5 min. (P <0.001),
and 5 min. vs 10 min. (P <0.01), but it showed the significant
decrease between 15min. vs 20min. However, the significant
difference of both walking exercise at these time points did
not show.

Changes in blood catecholamine

The results performing the two-way repeated measure
ANOVA for the change in the blood catecholamine before
and after the aquatic and landed walking exercise for 30
minutes are equal as shown in Table 3. In the case of
epinephrine, the main effect and the interaction effect between
group and time did not show, and only the main effect about
time showed statistically significant difference (P <0.05). On
the other hand, in the case of norepinephrine, the main effect
of time and group as well as the interaction effect did not
show. In the case of epinephrine, it showed the significant
increase in post-exercise for 30 minutes regardless of the

Table 3. Changes in catecholamine before and immediately after each bout
of ATW and LTW

Variables Group Pre Post P
Epinephrine (pg/ml) ATW 485+224 63.0+£28.9
LTW 53.1+19.4 72.5+28.3
Norepinephrine (pg/ml) ATW 466.9+213.0 5154+3354
LTW 4344+£206.5 580.5+245.7

Values are presented as mean + SD
*p <0.05, a: time, NS: not significant.
ATW: aquatic treadmill walking, LTW: landed treadmill walking

group, whereas, in the case of norepinephrine, there were the
tendency of increase after the walking exercise of both groups,
but statistically significant difference did not show.

DISCUSSION

The present study has evaluated the exercise intensity and
stress index at the time of the walking exercise of moderate
intensity in the landed and aquatic treadmill by applying the
speed principle of the aquatic treadmill walking exercise, and
compared the momentum through the measurement of energy
expenditure. As the result conducting the walking exercise
for 30 minutes applying the speed of 50 mymin corresponded
to 1/2 times of 100m/min which is the recommended speed
of the landed walking in the aquatic walking speed, all
variables showed the significant change according to the
exercise time, and the change of the heart rate for the walking
speed of two type showed the change of high heart rate during
the landed walking in comparison with the aquatic walking
by showing the significant interaction effect between groups.
On the other hand, it showed that because the change in RPE
did not show the significant difference between groups, the
walking exercises of two types have the identical RPE. These
results are shown that the application principle of 1/2 times
speed determining the aquatic walking speed based on the
landed walking speed is not matched in the change of the
heart rate and RPE that evaluate the exercise intensity.

The heart rate and RPE are an important index that sets
the exercise intensity and commonly used for the exercise
prescription. It has been reported that the heart rate and VO,
and the heart rate and RPE show the clear linear relationship
according to the increase of speed during the aquatic walking
like as the landed walking [5,11,12,14,20]. In addition, many
studies have suggested that the heart rate and RPE are the
effective criteria to prescribe the aquatic walking exercise
[20,21]. In this study, it is considered that during the walking
exercises of two types, the change in the heart rate unlike
the change in RPE has the tendency somewhat underestimated
upon application of 1/2 times speed ratio. Because the exercise
intensity conducted in this study showed to correspond to
59%HRmax in the aquatic walking, and to 66%HRmax in
the landed walking, it is considered that the exercise intensity
corresponded to the same heart rate in the case that applies
the speed of 50% or more in comparison with the landed
walking will be possible.

In addition, the current result in comparison with the result
of Shono ez al. [20] reported that the aquatic treadmill walking
of 50 m/min has corresponded to 75%HRmax, 5.2 MET, and
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12~15 RPE represents lower exercise intensity as 59% (range,
51~65%) HRmax, and 11.8RPE. It has been known that this
difference is influenced by various factors, such as the type
of aquatic walking (treadmill vs. flowmill walking), water
temperature, and water level [11], and it is shown that in
particular, because both groups were not reached to 13 RPE
which is the criteria of moderate intensity during the treadmill
walking for 30 minutes, it is the results of the low intensity
exercise. The power walking for 30 minutes of the landed
treadmill of 100 m/min speed is the recommended speed of
moderate intensity for the general adult, but because the
young college students who are the subjects in this study have
higher physical strength in comparison with the general adults,
it is considered that is felt as relatively the exercise intensity
of low intensity.

The buoyancy and resistance of water have an effect to
make of relatively high energy consumption despite of little
movement of the lower joints [1]. For this reason, the walking
or jogging in water may be prescribed as the effective exercise
to the subjects, such as the middle-aged, elderly person, and
to the subjects who feel the burden for the weight bearing.
The change in the energy expenditure compared in this study
was not represented statistically the significant difference
between the groups, but it showed that it is corresponded with
the results of previous studies suggested that approximately
the aquatic walking speed is corresponded to 1/2 times of
the landed walking speed to obtain the same level of energy
expenditure [12,14]. It is analyzed that in the case that
increases the walking speed in water unlike the land, because
the resistance effect of water becomes larger than the
buoyancy by the body fat or the depth of water, it shows
higher energy expenditure of about twice than the landed
walking. Shono ef al. [11] have described that the buoyancy
has an effect that decreases a lot the energy expenditure than
the resistance of water for the movement during low-intensity
walking of 20m/min unlike the aquatic walking speed of
30m/min and 40m/min. Thus, it is considered that the aquatic
walking of the moderate intensity conducting in this study
unlike the aquatic walking of low-intensity shows the same
energy expenditure if applying 1/2 times of the landed
walking speed.

Shono et al. [20] have reported that during the aquatic
walking of 50 m/min, it showed relatively high blood lactate
concentration of 2.4 mmol/L in comparison with the period
of rest and other low-intensity walking speed (20, 30, 40
m/min), and most of subjects are reached to the lactate
threshold at the speed of 50 m/min. In this study, the blood
lactic acid concentration of both groups showed the significant
increase till 10 minutes after starting exercise and then showed

the significance decrease after 15 minutes, and it represented
the similar trend of change without the difference between
groups. However, it is considered that because the blood
lactate concentration in the aquatic and landed walking
showed lower concentration than the previous study [20]
showed 2.02 and 2.58 mmol/L, respectively, during the
aquatic walking in comparison with the landed walking, it
was not reached to the lactate threshold.

It has been known that the epinephrine and norepinephrine
called the catecholamine hormones have increased secretion
by the need, such as the increase of the heart rate during
exercise and the demand increase for energy source. Fujishima
and Shimizu [6] have reported that the underwater exercise
in the various environment of the water temperature represents
high numerical value of epinephrine in comparison with the
landed exercise, and Shin [4] has reported that as the results
conducting the landed and aquatic treadmill exercises for 60
minutes that are consisted of the walking for 30 minutes of
moderate intensity level and jogging for 30 minutes based
on the same heart rate, both epinephrine and norepinephrine
showed the significant increase after exercising in the aquatic
exercise group. It may be explained that in the case of exercise
performing in water, it results from the reason that the energy
expenditure caused by the loss of body heat by the resistance,
conduction and convection of water than the exercise perfor-
ming on the land is high.

In this study, the epinephrine showed the significant
increase after two types of walking exercise, whereas, the
norepinephrine showed the trend of increase, but statistically
significant difference was not shown. In addition, the interaction
effect between the groups according to time did not represent,
and the same hormonal change against the speed application
principle of 1/2 times was shown. Furthermore, it is considered
that generally, the aquatic treadmill exercise shows lower
numerical value than the landed treadmill exercise, and when
considering that the correlation between the heart rate and
these hormones is high, it is corresponded to the results of
the aquatic treadmill that show the change in the relatively
low heart rate in this study. In other words, it is considered
that because the exercise intensity of the aquatic treadmill
exercise is somewhat low, the change in these hormones also
shows higher numerical value in the landed treadmill exercise.

If synthesizing above results, all variables, except for heart
rate did not show the statistically significant difference
between groups, but most of physiological indexes show high
level in the landed treadmill walking exercise than the aquatic
treadmill walking exercise. It is considered that if the speed
of aquatic treadmill of moderate intensity is applied to 1/2
times of the landed treadmill speed, the aquatic walking
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exercise requires lower physiological needs than the landed
treadmill walking exercise. However, in this study, because
somewhat little subjects to explain the speed application
principle of the aquatic treadmill walking exercise of the
moderate intensity or more were used as materials, and also
there is the limitation that the healthy young college students
of the twenties were the subjects, a variety of subjects, that
is, the protocol development of the water-walking exercise
for the purpose of the health and rehabilitation of the middle-
aged or elderly is essential.
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