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Comparison of Energy Expenditure
Between Continuous and Interval Water
Aerobic Routines
Luiz Fernando Martins Kruel, Moara Simões Posser,
Cristine Lima Alberton, Stéphanie Santana Pinto,
and Alessandra da Silva Oliveira
The aim of present study was to analyze the oxygen uptake, the heart rate, and the
energetic expenditure of women in two water aerobics routines: continuous and interval. The sample comprised ten voluntary active women that performed two water
aerobics routines with a minimal interval of 48 hours and randomized order. Each
routine was performed with the same exercises and duration, along 32 minutes. The
intensity was controlled through Borg’s rate of perceived exertion (RPE), adopting
RPE 13 for continuous and RPE 17 and RPE 9 for interval routines. It was utilized the
paired t test, with the level of significance at  < .05 (SPSS version 13.0). For all
variables, it has been found in interval significantly higher values than continuous
routine. Thus it can be concluded that the interval routine is more intense, being indicated for people looking for a major energetic expenditure.

Water-based exercises are growing in popularity. This can be seen not only
among those individuals seeking an activity with low impact on joints or athletes
with injuries, but also among those looking for an alternative aerobic exercise
(Cassady & Nielsen, 1992). The success of the activities performed in the aquatic
environment can be attributed to the physical properties of the water, which produce a sensation of wellness. In addition, water immersion causes many physiological alterations such as reduction in the heart rate (HR), reduced blood pressure, peripheral vasoconstriction, and shunting blood to more vital organs and
tissues (Arborelius, Baldlin, Lilja, & Lundgren, 1972; Srámek, Simecková, Janski,
Savlíková, & Vybíral, 2000). These effects are produced by hydrostatic pressure
(Watenpaugh, Pump, Bie, & Norsk, 2000) as well as the increased temperature in
the aquatic environment (Craig & Dvorak, 1966).
Water-based activities have been shown to be a great exercise alternative for
people suffering from joint injuries or diseases due to the reduced impact resulting
from the lower hydrostatic weight (Barela, Stolf, & Duarte, 2006; Miyoshi, Shirota, Yamamoto, Nakazawa, & Akai, 2004). Moreover, these activities can be recommended for people of different age groups and levels of fitness who wish to
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improve or maintain their cardiorespiratory condition (Takeshima et al., 2002)
and/or corporal composition (Gappmaier, Lake, Nelson, & Fisher, 2006).
Several studies have analyzed and compared the cardiorespiratory responses
in different water aerobic exercises (Alberton, Coertjens, Figueiredo, & Kruel,
2005; Alberton, Olkoski, Pinto, Becker, & Kruel, 2007; Cassady & Nielsen, 1992;
Pinto, Alberton, Becker, Olkoski, & Kruel, 2006). The results have been divergent, showing similar or distinct responses in the exercises analyzed.
The research of Alberton et al. (2005) compared the oxygen uptake (VO2) in
young women during three water exercises (stationary running, frontal kick to
90°, and jumping jacks) performed at three different cadences (80, 100, and 120
bpm) in immersion at level of the xiphoid process in temperature between 32 and
33° C. Data showed that there is no significant difference between exercises performed at the same cadence. On the other hand, the investigation of Alberton et al.
(2007) compared the HR and VO2 in elderly women during water-based exercises
performed at 60 bpm in immersion at level of the xiphoid process in temperature
between 32 and 33° C. They found different values for these physiological variables in the exercises performed (stationary running, frontal kick to 90°, cross
country skiing and jumping jacks, each one with two arms movements).
In addition, a number of studies have sought to compare such variables in
water-based and land-based exercises (Benelli, Ditroilo, & De Vito, 2004; Heberlein, Perez, Wygand, & Connor, 1987; Heithold & Glass, 2002; Kruel, 2000).
Kruel (2000) analyzed the VO2, HR and lactate responses in five stationary exercises performed in both environments with movements in vertical position in
immersion at level of shoulders in temperature between 30 and 31° C. The results
for all variables were significantly lower in the exercises performed in water than
on land. Similarly, the research of Benelli et al. (2004) compared the HR and
lactate responses in routines performed on land, in shallow water (0.8 m), and in
deep water (1.4 m) in temperature of 27.5° C. Their data demonstrated higher
values for these variables in exercise performed on land than shallow and deep
water.
In relation to energy expenditure (EE) during water aerobic routines, some
investigations have evaluated the total EE during such classes. The research of
D´Acquisto, D´Acquisto, and Renne (2001) analyzed metabolic and cardiovascular responses in elderly women performing water exercises during a 40-min routine and found a total EE of 190 kcal. The results of Campbell, D´Acquisto,
D´Acquisto, and Cline (2003) corroborate those of the previously-mentioned
authors. The metabolic and cardiovascular responses during a 40-min water aerobic routine showed values between 4.4 and 8.88 kcal.min−1 for young and 2.92–
5.78 kcal.min−1 for elderly women. Eckerson and Anderson (1992) also looked
into the physiological responses to water aerobic exercises and found an average
EE of 5.7 kcal.min−1 and a total of 256 kcal, during a 45-min routine.
The previously-cited studies analyzed the behavior of physiological variables
in specific routines (i.e., continuous water aerobic routine). These approaches
have not focused on the outcomes of such variables during different types of water
exercise routines; however, with the progress of the training, other types of strategies are used, especially interval routines in which exercises at high intensity are
interspersed with exercises at lower intensity. Thus, there is a lack of information
on the EE of water aerobic exercises when different routine strategies are comhttps://scholarworks.bgsu.edu/ijare/vol3/iss2/9
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pared. The purpose of the current study was to compare the energy expenditure
between two water-based aerobic routines: continuous and interval. Our hypothesis is that the cardiorespiratory responses and energy expenditure will present
higher values at interval water aerobic routine than continuous routine.

Method
Participants
In the current study, the sample consisted of ten active women volunteers who
already were familiar with the aquatic environment and had participated in waterexercise classes for at last six months. Calculation of the sample size was carried
out in PEPI program (version 4.0) with a power of 80%. The demographic characteristics of the sample are presented in Table 1. The participants signed an
informed consent form containing all pertinent data. Each of them took part in
three experimental sessions at the university swimming center, with intervals of
48 hr. This interval was used to guarantee a total recovery, assuming that one session does not intervene in the other one.

Procedures
In the first data collection session, body mass and height, were measured using a
standard set medical scales (Filizola, Brazil). In addition, the participants took
part in a water-based class to become familiar with the exercises and with Borg’s
rating of perceived exertion scale (RPE; Borg, 2000). Initially, all the instructions
about the RPE scale were taught to the participants according to the recommendations from Borg (2000). Subsequently, in the water-based class, each exercise was
performed at all effort levels, ranging from 6 to 20, progressive and randomly.
This practice was performed by participants to familiarize them with the minimal
effort and graduation to the maximal effort by their self-pace. They would be
excluded from the study if they didn’t understand the RPE scale or didn’t perform
the exercises adequately.
In the second and third sessions, the dependent variables were collected
during the water aerobic routine. Several restrictions were imposed on the participants to avoid changes in metabolic responses: no food 3–4 hr before the datacollection session and no stimulants or intense physical activity (>70% VO2max)
12 hr before the exercises (Cooke, 1996). In each session, one of the water aerobic
routines, continuous or interval, was chosen at random and performed.
The depth of the swimming pool ranged from 1.1 to 1.5 m, so that all subjects
performed with the water at the shoulder level. The water was kept at the therTable 1 Participants’ Demographic Characteristics
Variables

Mean

SD

Age (years)
Height (cm)
Body mass (kg)

22.30
166.40
60.00

± 1.77
± 5.78
± 4.96
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moneutral temperature of 32–33° C (~90° F). In each water aerobic routine session, initially the participants rested in a supine position out of the water for 30
min to evaluate the HR and VO2 at rest and to guarantee that the participants initiated both routines with similar levels of at-rest cardiorespiratory responses. Subsequently, the water aerobic routine started and lasted 32 min. All classes were
given by the same instructor, thus avoiding differences in class commands. This
expert instructor also gave verbal encouragement to subjects performing the routines in the proposed intensity.
The exercises used in both routines (see Table 2) were reported by Alberton
et al. (2007) that evaluate the acute cardiorespiratory responses in each one during
four minutes at cadence of 60 bpm. Each routine consisted of eight bouts of four
exercises performed twice in the same order and duration. All the lower limbs
exercises were performed with the bilateral arms push-pulls at the same time. The
intensity of each routine was controlled through the Borg’s RPE, which utilizes
verbal scales for determination of the effort level, ranging from 6 to 20. In the
current study, it was decided to prescribe water aerobic routines based on RPE
because there is consensus regarding the HR pattern during immersion, which is
lower than that found on land, at rest as well as during the performance of exercise
(Benelli et al., 2004; Cassady & Nielsen, 1992; Graef, Alberton, Tartaruga, &
Kruel, 2005; Nakanishi, Kimura, & Yoko, 1999). Therefore, care must be taken
when prescribing water exercises using traditional methods of HR as an indicator
of the intensity of effort.
Table 2 Exercises, Duration and Intensity for Water Aerobic Routines
Continuous and Interval
Continuous

Interval

Lower Limbs’
Exercises

Upper Limbs’
Exercises

Duration
(min)

Intensity
(Borg)

Duration
(min)

Intensity
(Borg)

Stationary
running

Arms pushing to
the front

Cross country
skiing

Arms pushing to
the front

Jumping jacks

Arms pushing to
the front

Frontal kick to
90°

Arms pushing to
the front

Stationary
running

Arms pushing to
the front

Cross country
skiing

Arms pushing to
the front

Jumping jacks

Arms pushing to
the front

Frontal kick to
90°

Arms pushing to
the front

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

9
17
9
17
9
17
9
17
9
17
9
17
9
17
9
17
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In the continuous routine, an intensity of RPE 13 was used. This intensity is
corresponding to a verbal scale “somewhat hard,” intermediate between the
extremities RPE 6 and RPE 20. Each bout was performed during four minutes at
self-pace to reach the steady state of the cardiorespiratory variables (Davis, 1985).
In the interval routine, the intensities RPE 17 and RPE 9 were used for stimulus
and active recuperation, respectively. The intensities RPE 17 and RPE 9 are corresponding to verbal scales “very hard” and “very light,” three points down and
three points up the extremities RPE 6 and RPE 20, respectively. Each bout was
performed during two minutes due the necessary time to exercise and recover the
specific metabolic route proposed in this routine (Wilmore & Costill, 1999). These
intensities were chosen in accordance with the research of DeMello, Cureton,
Boineau, and Singh (1987); Hetzler, Seip, Boutcher, Pierce, Snead, and Weltman
(1991); and Seip, Snead, Pierce, Stein and Weltman (1991), which indicates that
RPE 13 corresponds to the first lactate threshold, and the RPE 17 corresponds to
a value higher than the second lactate threshold. Besides, the sum of intensities for
each bout of four minutes is similar.
During the experimental sessions, respiratory gases were collected with a
mixing-box-type portable Aerosport KB1-C gas analyzer (Ann Arbor, USA). A
pneumotach was used with a neoprene mask. The calibration was realized according to the manufacturer’s specifications. Before the beginning of data-collection,
the gas analyzer was calibrated with known gas concentrations (6% CO2, 15%
O2). Between each routine it was realized one automatic calibration based in
values from environment (King, McLaughlin, Howley, Basset Jr., & Ainsworth,
1999). HR measurements were obtained with a Polar Vantage XL (Kajaani, Finland). HR and VO2 data were collected each 20 s at rest and during exercise. At
rest, the mean of the values collected during the last 10 min was used in the analysis. During exercise, the variables were collected throughout the period of the
class, and the mean of the values collected during all the 32 min was used in the
analysis. To calculate the energy expenditure, a caloric equivalent of 5 kcal · l O2-1
(ACSM, 2006) was used, and this variable is presented as EE total and EE
minute.

Statistical Analysis
Descriptive statistics were used for initial data analysis, and the results presented
as mean ± SD. Normality was tested using the Shapiro-Wilk test. All parameters
were analyzed using paired t tests. SPSS version 13.0 was used to calculate all
statistical comparisons, and the level of significance was set at  < .05, with a
statistical power of 80%.

Results
The present study evaluated ten active female volunteers who performed two
water aerobic routines.
Results of the tests of normality for variables at rest and in exercise justified
the use of parametric statistics in subsequent analyses. The rest values for the
variables VO2, EE and HR are shown in Table 2. At rest, no statistically significant
differences were seen for all variables in the two data-collection sessions. So, we
Published by ScholarWorks@BGSU, 2009
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concluded that the participants started both routines in approximately the same
initial metabolic state (Table 3).
The results for variables of VO2, EE and HR during the continuous and interval water aerobic routines are shown in Table 4. They show that statistically significant differences were found between the two water aerobic routines for all
variables.
According to the results presented, higher values were observed for VO2, EE,
and HR in the interval routine than in the continuous routine. These variables are
shown over time for both water aerobic routines in Figure 1. In the continuous
routine, it was possible to verify, throughout the graphics, that the pattern of all
variables was steady; however, in the interval routine, the pattern was not linear.
The graphics showed higher values as in the peaks (stimulus) as in the active
recuperation.

Discussion
During a water aerobics class, the cardiorespiratory responses for VO2, EE, and
HR can be influenced by the type of exercise performed (Alberton et al., 2007;
Pinto et al., 2006), the velocity of execution (Alberton et al., 2005; Alberton,
2007), with or without equipment (Pinto et al., 2006; Pinto, Alberton, Figueiredo,
& Kruel, 2007), with or without water current (Masumoto, Shono, Takasugi,
Hotta, Fujishima, & Iwamoto, 2007; Masumoto, Takasugi, Hotta, Fujishima, &
Iwamoto, 2004), as well as the type of routine chosen. Studies above-mentioned
analyzed many factors that should exert influence in those cardiorespiratory
responses in water. There is a lack of studies that compared different type of routines. In the current study, the aim was to compare the cardiorespiratory responses
between two water aerobic routines, continuous and interval, since such responses
were not clear in the literature.
There was consensus regarding the HR pattern during immersion, which is
lower than that found on land at rest as well as during the performance of exercise
(Benelli et al., 2004; Cassady & Nielsen, 1992; Graef et al., 2005; Nakanishi et
al., 1999). Some factors may interact to explain this reduction in HR, such as
hydrostatic pressure (Watenpaugh et al., 2000) and the warmer water temperatures
Table 3 Rest Values for the Variables Oxygen Uptake (VO2), Energy
Expenditure (EE), and Heart Rate (HR) for Two Data-Collection
Sessions
Continuous
VO2 (l · min−1)
VO2 (ml · kg-1 . min−1)
EE (kcal · min−1)
HR (bpm)

Interval

Mean

SD

Mean

SD

α

0.18
3.06
0.90
73.00

± 0.50
± 0.68
± 0.24
± 6.60

0.18
2.99
0.90
70.60

± 0.40
± 0.56
± 0.20
± 6.00

.796
.723
.852
.087

* level of significance  < .05.
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Table 4 Values for the Variables Oxygen Uptake (VO2), Energy
Expenditure (EE), and Heart Rate (HR) in Two Water Aerobic
Routines Continuous and Interval
Continuous
VO2 (l ·
VO2 (ml · kg-1 . min−1)
EE (kcal · min−1)
EE (kcal)
HR (bpm)
min−1)

Interval

Mean

SD

Mean

SD

α

0.63
10.70
3.20
102.40
118.00

± 0.16
± 2.70
± 0.80
± 25.20
± 14.80

0.92
15.50
4.60
148.40
132.80

± 0.18
± 2.80
± 0.90
±28.40
±15.70

.002*
.002*
.002*
.002*
.01*

* level of significance  < .05.

Figure 1 — Absolute oxygen uptake (VO2), relative oxygen uptake (VO2), energy expenditure (EE),
and heart rate (HR) along the time for both water aerobic routines continuous and interval.

(Craig & Dvorak, 1966). Therefore, care must be taken when prescribing water
exercises using traditional methods of HR as an indicator of the intensity of effort.
In the current study, we decided to prescribe water aerobic routines based on
RPE.
There was no direct evidence in the literature concerning which type of routine, interval or continuous, was the most effective in terms of EE at different
modalities. Furthermore, it was not clear whether interval aerobic training produces greater muscular adaptation and EE than continuous aerobic training.
Published by ScholarWorks@BGSU, 2009
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Therefore, the aerobic muscular benefits seem to be the same (Wilmore & Costill,
1999).
A continuous routine strategy was typically characterized by the performance
of aerobic exercises while maintaining a specific intensity. During this routine,
there is little lactate production since aerobic metabolism is predominant, allowing the participant to continue the exercise (Bompa, 2000). In this investigation
the intensity for the continuous routine was an RPE 13 during the 32 min, corresponding to a somewhat harder level of subjective intensity (see Figure 1). In this
routine, the collected variables presented lower values than did the interval routine. The interval routine, on the other hand, was based on the intensity and duration of the exercises in which high intensity was interspersed with periods of
lower intensity active rest. In this model, the glycolytic metabolism is stimulated
more than in the continuous strategy (Bompa, 2000). In this investigation, the
interval routine was characterized by an alternation of intensities of RPE 17 and
RPE 9. The results demonstrated higher VO2, HR, and EE responses in the interval routine during the higher RPE 17 levels. In addition, during the active recuperation, these responses fell, but the values were equivalent to those obtained
with the continuous routine.
It has been noted that the factors determining EE in water are different from
those on found on land. This fact occurs due to the buoyant force that reduces
hydrostatic weight (Harrison, Hillman, & Bulstrode, 1992), reducing the EE necessary to displace the body in vertical movements. On the other hand, the viscosity and the drag forces (Alexander, 1977) in the aquatic environment increase the
EE necessary to perform horizontal displacements. Moreover, the EE in water
exercise may be lower, similar, or higher depending on the body position and
velocity (Alberton et al., 2005).
Based on these studies and others that analyzed water aerobic routines, it can
be affirmed that water exercises elicit a significant energy demand. The research
of D’Acquisto et al. (2001) evaluated elderly women during a gradual 40-min
routine and showed a total of 190 kcal and average EE of 4.75 kcal.min−1. Eckerson and Anderson (1992) observed young women during a continuous 45-min
routine and demonstrated a total of 256 kcal and average EE of 5.7 kcal.min−1. In
the current study, the total and average EE were measured in two water aerobic
routines in young women and found values of 102.4 kcal and 3.2 kcal.min−1 for
the continuous and 148.4 kcal and 4.6 kcal.min−1 for the interval routine,
respectively.
This difference in values between the current study and the other cited studies
may be explained by the duration of the routines, selected intensities, and the
specific water exercises performed. In relation to duration, they corresponded to
40, 45, and 32 min, respectively. The intensities were not controlled in those studies, in contrast to present study that used Borg’s RPE to prescribe the intensity
level. In addition, the different water exercises performed seem to exert a critical
influence in all the studies cited. In the investigation by D’Acquisto et al. (2001),
horizontal displacements were performed along the length of the pool, causing a
greater EE due the drag forces. Eckerson and Anderson (1992) included upper
limb over the head exercises in their approach, increasing the apparent body
weight in immersion and consequently causing a higher EE. In the current study,
the water exercises were performed in a stationary position with the upper limbs
https://scholarworks.bgsu.edu/ijare/vol3/iss2/9
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completely submerged, producing a lower apparent body weight. Finally, the displacement type also influenced the EE. In this study, the frontal kick to 90° and
stationary running are characterized as vertical displacements causing a lower EE.
The cross country skiing and jumping jacks are characterized as horizontal displacements with a lower projected area (only lower limbs), diminishing the drag
forces and inducing less EE when compared with horizontal displacements involving a complete body immersion.
Other studies have analyzed a single water aerobic routine (Benelli et al.,
2004; Heberlein et al., 1987; Heithold & Glass, 2002), focusing on the comparison between aquatic and land environments with collection of HR, VO2, and lactate response data. The importance of the present approach is the comparison of
distinct water aerobic routines prescribed using Borg’s RPE, which is easily
applied and reliable, and the determination of the EE as well as the VO2 and HR
responses during the routines.

Conclusion
Based on the results of present the study, we concluded that the interval water
exercise routine was more intense than the continuous routine, since the cardiorespiratory responses and EE presented higher values. Thus, if the objective of
water aerobics is to emphasize EE, interval routines seem to be more efficient than
continuous routines in eliciting energy expenditure.
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