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Abstract
Nakagata, T, Yamada, Y, andNaito, H. Estimating energy cost of bodyweight resistance exercise using amultistage exercise test. J
Strength Cond Res 36(5): 1290–1296, 2022—The purpose of this study was to examine energy cost of body weight resistance
exercises with slowmovement in youngmen using amultistage exercise test. Fifteenmen aged 21–29 years performed 3 exercises
(heel-raise, squat, and push-up) at different frequencies (1, 2, 3, 4, 5, and 6 repetitions·min21). Oxygen consumptionwasmeasured
using indirect calorimetry; we then computed a simple linear regression between aerobic energy expenditure (EE) and repetition
frequency. The slope coefficient in the regression represents the energy cost of those exercises; we compared the extrapolated EE
for a frequency of 10 repetitions·min21. Gross EE increased linearly with repetition frequency in all subjects (y5 ax + b). Energy cost
was significantly greater in the case of the push-up than in the case of the squat {squat: 0.506 0.14 (95% confidence interval [CI],
0.42–0.58); push-up: 0.77 6 0.20 kcal (95% CI, 0.66–0.88); and the heel-raise elicited the lowest energy cost: 0.13 6 0.04 kcal
(95%CI, 0.11–0.15)}. Extrapolated EE at 10 repetitions·min21 was 2.76 0.5 kcal (2.3metabolic equivalents [METs]), 6.36 1.4 kcal
(5.4 METs), and 9.2 6 2.1 kcal (7.8 METs), respectively, according to the regression based on aerobic EE. These results will be
useful for health professionals in prescribing resistance exercise programs improving muscle fitness and considering for weight
management.
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Introduction

Energy expenditure (EE) during exercise is estimated based on
oxygen consumption (V̇O2) using indirect calorimetry. The ener-
getic profile of resistance exercise (RE) is different in mild aerobic
exercise (13), the V̇O2 of different mild aerobic exercise such as
walking or jogging increase gradually to achieve steady-state
during the submaximal effort, and then decreases exponentially
toward resting levels when the exercises stopped. On the other
hand, an individual’s V̇O2 does not reach a steady state during
anaerobic-type exercise such as RE, which is an intermittent form
of exercise that includes bouts of work interspersed with short
recovery intervals; V̇O2 is elevated immediately after exercise,
during the recovery phase, regardless of whether fatigue is present
or not (22,23). Anaerobic component of EE (ATP-
phosphocreatine, lactic acid system) and increased blood lactate
(La) potentially contribute to elevated V̇O2 after exercise phase.
Thus, previous studies have examined various methods aiming to
solve this problem and thereby examine EE during RE.

Wilmore et al. (29) were the first to attempt to quantify EE
during RE; they did so by applying indirect calorimetry not only
during the RE itself but also during postexercise recovery until the
subjects returned to their pre-exercise V̇O2. Taking an alternative

approach, Robergs et al. (21) published the first article using an
accumulated oxygen deficit method for the squat and bench-press
exercises, in which subjects lifted weights at 31–57% of their one
repetition maximum (1RM) over a period of 5 minutes. They
calculated energy cost (kcal·min21), plotted this against absolute
intensity (e.g., mass lifted in kg) and relative intensity (i.e., % of
1RM), and extrapolated energy cost for these exercises with
a heavier load (;70% 1RM) using linear regression. Other
researchers have used multistage methods for isolated REs and
measured energy cost of RE performed at various intensities
(20,24,27).

Although previous studies have investigated traditional RE
using free weights or weight machines with high loads, there is
relatively little information about exercise intensity (EE and en-
ergy cost) of bodyweight resistance exercise (BWRE). In addition,
BWRE cannot be expressed as amount ofweight lifted (in kg), and
the relative intensity is expressed as %1RM or number of RM to
failure (e.g., 10RM). Thus, an alternative way is needed. The
metabolic equivalent (MET) is a unit of physiological demand for
exercises based onEEor V̇O2;we recently estimated EE andMETs
for popular BWRE (e.g., the squat and push-up) with slow
movement in young male and older adults (16,19) using a re-
covery calculation method (26), taking into account measures
taken during the 30 seconds after exercise and found that V̇O2

increased during the interval or recovery phase comparedwith the
actual exercise phase in the case of all these exercises. MET in-
tensity was defined as the area under the curve, which included
the exercises and recovery phases of the second and third sets
(in total 3 minutes) divided by individual resting EE (16,19);
however, the time course of postexercise V̇O2 differed between the
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6 exercises, and in some cases, it is possible that EE was over-
estimated or underestimated.

To measure EE and energy cost during physical activity per-
formed over the course of a few seconds, Hatamoto et al. (8–10)
developed a novel method to calculate EE during an instantaneous
movement, such as a single change of direction during jogging or
a sit-to-stand (STS) movement and named this method the Different
Frequency AccumulationMethod (DFAM). The DFAM is a graded
multistage exercise test consisting of 4 minutes in each stage, during
each of which subjects repeat the same exercise at different fre-
quencies until a steady-state EE was achieved at each repetition
frequency; “energy cost (EE for a single repetition)” of the exercise is
then estimatedusing the linear relationship between gross EE and the
frequency with which the movement is performed. The DFAM
makes it possible to measure the energy cost of various movements
such as BWRE, which uses no lifting weight, from the slope of linear
regression; however, it is not clear whether this method can be ap-
plied in the case of BWRE. It is important to investigate this possi-
bility because BWREs cannot be quantifies the exercise load and
adjusted by changing directly, which would enable measurement of
energy cost as performed for other types of RE in previous studies
(20,21,24,27). Therefore, the DFAM is potentially suitable for cal-
culating energy cost of BWRE which is EE for a single repetition
using linear regression based on data collected while varying the
frequency with which the exercise is performed. In addition, DFAM
could estimate the extrapolated EE of BWRE-slow at a frequency of
10 repetitions·min21, based on a linear regression. If the EE and
energy cost of BWRE-slow are clarified, trainees and exercise/health
professionals can use them in real-training settings.

The aims of this study were (1) to examine the applicability of
the DFAM inmeasuring energy cost (EE for a single repetition) of
BWRE-slow (heel-raise, squat, and push-up) and (2) to extrapo-
late these findings to obtain an EE value for each of these exercises
at 10 repetitions·min21.

Methods

Experimental Approach to the Problem

We measured EE during BWRE (heel-raise, squat, and push-up)
using indirect calorimetry and estimated energy cost of BWREswith
slow movement in young men using a multistage exercise test; we
then computed a simple linear regression between EE and repetition
frequency. The multistage exercise test consisting of 5 minutes in
each stage, during each of which subjects repeat the same exercise at
different frequencies (1, 2, 3, 4, 5, and 6 repetitions·min21).

Subjects

Subjects in this study were 15 adult men aged 21–29 years (mean
6 SD: mean age: 23.26 2.0 years; height: 171.16 5.5 cm; body

mass: 66.1 6 7.4 kg). Subjects were administered an annual
health examination at their university, in which they were found
to have normal blood pressure and electrocardiograms, and had
no history of established cardiovascular disease, pulmonary dis-
ease, or neurological disease. Table 1 shows subject character-
istics and anthropometric data. All subjects had regular exercise
habits (1–3 days per week), and they performed all exercises to
familiarize with the BWRE used in this study before participating
in the main experiment. The study protocol was approved by the
Research Ethics Review Board of Juntendo University’s Graduate
School of Health and Sports Science (29–85). Before the study
began, participants provided written consent to participate after
receiving information about the procedures and purpose of the
study.

Procedures

The study was of a random crossover design with 3 exercises,
including heel-raise, squat, and push-up on 2 separate days; sub-
jects completed the experiment over 2 sessions held on separate
dayswithin aweek between over the course of a year. In day 1, they
performed either the squat or push-up only. In day 2, they per-
formed the heel-raise at first and either the squat or push-up later.
The exercise intensity of heel-raise which is very simple and single
joint exercise in MET was lower than squat and push-up in our
previous study (16,19). Furthermore, muscles used in squat and
push-up were different from heel-raise (mainly calf), and all sub-
jects performed heel-raise first. To eliminate influence of execution
order, the allocation of the squat and push-up to day 1 and day 2
was randomized between subjects. All measurements were per-
formed in a laboratory, where the temperature and humidity of the
internal atmospherewere adjusted to 20° C and 50%, respectively.

The total duration of the entire experiment was 90 minutes, in-
cluding resting in a chair for 20 minutes and in a standing position
for 10 minutes for measurements of resting EE. Subjects refrained
from engaging in any strenuous physical activity, including general
exercise, for 1 day before the start of the experiment, and started
fasting (with no restriction on water) 4 hours before the start of the
experiment. Each subject’s resting EE was measured using an in-
direct calorimeter (AE-300s; Minato Medical Science Co., Ltd.,
Osaka, Japan) while they were sitting in a chair and maintaining
a resting position for 20 minutes, and in a standing position for 10
minutes, with a face mask attached. After measurement of their
resting EE, each subject performed an exercise session.

Body Weight Resistance Exercise Protocol. The experimental
protocol for all subjects is shown in Figure 1. This multistage
experiment involved performing each BWRE with slow move-
ment at different frequencies. Each stage lasted 5 minutes, with 1-
to 9-minute rest between stages. The frequencies at which the
exercises were performed in each stage were 1, 2, 3, 4, 5, and 6
repetitions·min21 (for a total of 6 stages; see Table 2). All subjects
were immediately seated in a chair after each stage, we confirmed
that the postexercise V̇O2 return to their own resting level, and
then subjects performed next stage. We selected the following 3
exercises: (a) heel-raise, (b) squat, and (c) push-up. Details of these
BWRE-slow are described in our previous publication in young
men (16). Heel-raise; they stand with feet a few inches apart, raise
heels off the floor as high as possible while keeping knees straight,
lower heels to the floor. Squat; they stand in a shoulder-width
stance, bend the knees and lower hips like sitting in a chair until
the thighs become parallel to the floor. During the push-up ses-
sion, subjects started the exercise in a prone position on the floor,

Table 1

Subject characteristics (n 5 15).

Variables Mean 6 SD Range

Age (y) 23.2 6 2.0 21–29

Height (cm) 171.1 6 5.5 162.4–179.3

Mass (kg) 66.1 6 7.4 57.5–79.4

Body mass index (kg·m22) 22.5 6 1.5 19.6–25.4

Body fat (%) 13.8 6 3.9 5.5–21.2

Total muscle mass (kg) 32.4 6 3.3 28.8–39.2

Arm muscle mass (kg) 6.1 6 0.8 5.2–7.7

Leg muscle mass (kg) 17.6 6 1.7 15.8–20.9
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and they waited between push-ups in the same position with their
chest on the floor. The main limitation of BWRE is that the ex-
ercise is limited to low- to middle-load training, so that the effect
of BWRE onmuscle strength is weaker than that of the traditional
RE using training using freeweights ormachines. Previous studies
performed BWRE with slow movement (BWRE-slow) to over-
come the limitation and have been reported that BWRE-slow
improved the muscle function and physical fitness in older adults
(25,28). Thus, subjects performed the 3 exercises with a duration
of 3 seconds each for the concentric and eccentric movements,
which they achieved by adjusting their rhythm to the sound
of a metronome. Furthermore, examiner checked depth and
a complete repetition in visually.

Anthropometrics and Body Composition. Each subject’s height
was measured to the closest 0.1 cm using an analog height meter.
Body mass was measured, and body fat percentage was estimated
using the impedance method (Inbody 730; Biospace, Tokyo, Ja-
pan) before exercise. Subjects were instructed to finish their last
meal at least 4 hours before the experimental session and to empty
their bladder before these measurements. They were evaluated in
their underwear and were asked to stand barefoot on toe and heel
electrodes and to hold the handgrips with their arms hanging
down a few centimeters from the hip (30).

Indirect Calorimetry and Different Frequency Accumulation
Method. Measurements of respiratory gas were performed using
indirect calorimetry in our laboratory, as previously described
(16). All the data were processed every 30 seconds, and the sub-
ject’s ventilation volume (VE), oxygen uptake (V̇O2), and carbon
dioxide production (V̇CO2) were measured. Data from the last 2
minutes or the most stable 2 consecutive minutes of each stage
were taken to indicate the subject’s V̇O2; their EE was calculated
in accordance with previous studies (during exercise, 1 L O2 5 5
kcal) (16,26). For each resting period (sitting in a chair and
standing), the average value during the last 5 minutes of rest was

defined as the individual’s resting EE. A V̇O2 of 3.5 ml·kg21·min21

was designated as 1 MET in this study.
Calculation of energy cost was modeled on a previous study

(17). The DFAM is the idea that gross EE increases linearly as
movement frequency increases if the EE, which is determined for
performing one movement, accumulates by conducting move-
ments repeatedly (9). The linear relationship between the gross
EEs and different frequencies of the movement indicated that the
slope of the regression line was expressed as an EE of a movement
(net EE). Furthermore, the intercept (a zero-load EE) meant an
individual resting EE was also included in the linear regression
analysis. In addition, we reported that the gross EE increased
linearly against the STS frequencies for both the slow and normal
movements (slow: 3 seconds up, 3 seconds down; normal: 1
second up, 1 second down) (17). Gross EE was estimated while
eachmovement was performed repeatedly, until a steady-state EE
was achieved at each repetition frequency.We then calculated the
linear regression line between gross EE and repetition frequency
(y 5 ax 1 b). A zero-load EE (individual resting EE) was also
included in the linear regression analysis. Individual resting EE
was taken to be that of the standing position for the squat and
heel-raise and that of the sitting position for the push-up.

Heart Rate and Rate of Perceived Exertion.Heart rate (HR) was
recorded throughout the whole experiment using an electrocar-
diogram device (Fukuda Electronics Co., Ltd.; DS-7520). Three
beats were recorded 15 seconds before the end of each stage; their
average rate was taken to represent the subject’s HR during that
stage. The subject’s rate of perceived exertion (RPE) was recorded
using the Borg Scale, with a rating from 6 to 20 (4), after each
stage.

Statistical Analyses

Microsoft Office Excel 2017 and PASW Statistics version 20.0
(SPSS, IBM Inc., BM Corp., Armonk, NY) were used for data

Table 2

Details of the body weight resistance exercises with slow movement performed to enable calculation of energy expenditure using the
different frequency accumulation method.

Variables 1 rep·min21 2 reps·min21 3 reps·min21 4 reps·min21 5 reps·min21 6 reps·min21

Timing of repetitions 0 (every 1 min) 0, 30

(every 30 s)

0, 20, 40

(every 20 s)

0, 15, 30, 45

(every 15 s)

0, 12, 24, 36, 48

(every 12 s)

0, 6, 12, 24, 36, 48

(every 10 s)

Total exercise period (s·min21) 6 (6 s 3 1) 12 (6 s 3 2) 18 (6 s 3 3) 24 (6 s 3 4) 30 (6 s 3 5) 36 (6 s 3 6)

Total rest period (s·min21) 54 (54 s 3 1) 48 (24 s 3 2) 42 (14 s 3 3) 36 (9 s 3 4) 30 (6 s 3 5) 24 (4 s 3 6)

Figure 1. Experimental protocol. Each body weight resistance exercise with slow movement was performed in 6
different stageswith a 1- to 9-minute rest between stages. Each stage lasted 5minutes. The frequencies at which the
exercise was performed in each stage were 1, 2, 3, 4, 5, and 6 repetitions·min21. REE5 resting energy expenditure.
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processing and statistical analyses, respectively. All the vari-
able results are presented as mean 6 SD and 95% confidence
interval (CI). Linear regression analyses were conducted to
calculate the slopes and intercepts describing the relationship
between gross EE and repetition frequency for each BWRE-
slow. Paired t-tests were conducted to compare the slope, in-
tercept, and resting EE for each exercise. In addition, we con-
ducted paired t-tests to compare the mean EEs computed for
the repetition frequency of 10 repetitions·min21 using 2 dif-
ferent calculation methods. The statistical significance level
was set at 0.05.

Results

All Subjects Successfully Completed Both Experimental Ses-
sions. Figure 2A shows the relationship between the frequency
at which the BWRE-slow was performed and gross EE for the
heel-raise, squat, and push-up. Gross EE increased linearly
with the frequency at which the exercise was performed in all
cases (r 5 0.991–0.999; heel-raise: y 5 0.13x 1 1.37; squat: y
5 0.50x 1 1.35; push-up: y 5 0.77x 1 1.47). The slope of the
regression line, which represents energy cost was steepest in the
case of the push-up (p , 0.001; slope: heel-raise: 0.13 6 0.04
[95% CI, 0.11–0.15] kcal; squat: 0.50 6 0.14 [95% CI,
0.42–0.58] kcal; push-up: 0.77 6 0.20 [95% CI, 0.66–0.88]
kcal). The value of an intercept (a zero-load EE) in the re-
gression, which is equivalent to resting EE in a standing posi-
tion, did not significantly differ between heel-raise and squat
(heel-raise; 1.37 kcal, squat; 1.35 kcal). Figure 2B shows the
relationship between the HR and the gross EE for the heel-
raise, squat, and push-up. The gross EE increased linearly
against the HR for both the squat and push-up (r 5
0.987–0.999). In addition, Table 3 shows the relationship
between the frequency at which the BWRE-slow was per-
formed and other physiological responses. These results in-
dicated that, for the squat and push-up, as the frequency with
which the exercise was repeated increased, physiological
responses, such as HR, respiratory quotient (RQ), and RPE,
also increased. In push-up, HR and RQ achieved the maximum
values 120.1 b·min21 and 0.91 at 6 reps·min21, respectively.

Discussion

The main purpose of this study was to apply a newly developed
method, namely the DFAM, for evaluating the energy cost of 3
BWRE-slow (heel-raise, squat, and push-up) in young men. We
computed linear regression parameters representing the re-
lationship between gross EE and repetition frequency. The main
finding of this study was that gross EE during the heel-raise,
squat, and push-up exercises was found using the DFAM to
increase as a function of the frequency with which each exercise
was performed; furthermore, energy cost was greater in the case
of the push-up than in the case of the squat in healthy youngmen
(squat: 0.506 0.14 kcal (95% CI, 0.42–0.58); push-up: 0.776
0.20 kcal (95%CI, 0.66–0.88). In addition, the extrapolated EE
of heel-raise, squat, and push-up at a frequency of 10 repeti-
tions·min21, based on a linear regression, was found to be
equivalent to 2.76 0.5 kcal (2.3 METs [95% CI, 2.1–2.5]), 6.3
6 1.4 kcal·min21 (5.4 METs [95% CI, 4.8–6.1]), and 9.26 2.1
kcal·min21 (7.8 METs [95% CI, 6.9–8.8]) for these exercises,
respectively.

Previous studies have examined energy cost of traditional
RE, such as free weights or machines, using linear regression
analysis including postexercise V̇O2 as a measure of accumu-
lated oxygen deficit (20,21,24,27). However, it is difficult to
determine the energy cost of BWRE because there is no lifting
weight and it is not easy to achieve repetition failure. Thus, we
tried to obtain energy cost of BWRE using the DFAM. A
unique aspect of this study was the approach to calculating
energy cost (EE of a single repetition) of BWRE-slow (heel-
raise, squat, and push-up): all subjects performed these exer-
cises following a graded multistage experimental protocol in
which the frequency of repetition varied; this enabled calcu-
lation of energy cost by each subject, for each exercise, using
the DFAM. As shown in Figure 2A, gross EE (kcal·min21) in-
creased linearly against the frequency with which the BWRE-
slow exercise was performed in the case of all exercises (r 5
0.991–0.999). In addition, the slope of the linear regression
computed using the DFAM and the actual EE during the
multistage protocol at a repetition frequency of 1 repeti-
tion·min21 were almost the same for all exercises. Therefore, in
line with the findings of a previous study investigating energy

Figure 2. A) The linear relationship between gross energy expenditures (EEs) (kcal·min21) and frequency of repetition for each
exercise. X axis represents the repetition frequency (1, 2, 3, 4, 5 and 6 repetitions·min21). The symbol “circle” is the heel-raise,
“triangle” is the squat, and “square” is the push-up. The slope of the push-upwas significantly higher than that of the squat and
heel-raise (p, 0.001). B) The linear relationship between gross energy expenditures (EE) (kcal·min21) and heart rate (HR) for
each exercise.
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cost of an STS movement (0.22 6 0.09 kcal or 0.92 6 0.37 kJ
(9)), our results indicate that the DFAM can be applied to
obtain energy cost for a BWRE-slow, even in the case of
a simple exercise such as the heel-raise, in which the heels are
lifted off the floor.

Comparing the slopes pertaining to each of the 3 exercises
tested, the slope for the push-up was significantly steeper than
that of the squat (squat: y5 0.50x1 1.35; push-up: y5 0.77x
1 1.47), and that of the heel-raise was significantly shallower
than that of the squat (heel-raise: y 5 0.13x 1 1.37). It is not
surprising that the heel-raise was associated with the lowest
energy cost (0.13 6 0.04) because the heel-raise is an isolation
exercise involving only the calves. In contrast to our previous
findings that the intensity of the 2 multijoint movements—the
push-up, which uses the upper body (mainly the pectoralis
major muscles), and the squat, which uses the lower body
(mainly the quadriceps muscles)—is almost identical (16), the
results of this study indicated that the push-up involved sig-
nificantly higher EE than the squat (p , 0.001). Robergs et al.
(21) investigated energy cost of squat and bench-press exer-
cises at 31–57% of 1RM and found that energy cost was
slightly higher in the case of the squat at relative exercise load.
Similarly, Reis et al. (20) reported higher energy cost of the
squat than the bench press at a lower intensity (12–24% of
1RM); therefore, in contrast to our results, energy cost could
be greater during lower-body RE than during upper-body RE
when the exercises involve the use of free weights and weight
machines.

A number of factors may have contributed to the higher
energy cost observed during the push-up than during the squat
in this study (squat: y 5 0.50x 1 1.35; push-up: y 5 0.77x 1
1.47). Regarding the higher energy cost during the push-up as
compared to the squat, the skeletal muscle mass and volume of
the muscles involved in this exercise could be relevant. In
general, most adults have greater muscle mass and volume in
the lower body than in the upper body; whole-body magnetic
resonance imaging (MRI) suggests that the average distribu-
tion is 42.9% in the upper body and 54.9% in the lower body
for men and 39.7% in the upper body and 57.7% in the lower
body for women (12). Furthermore, in previous studies mea-
suring human muscle volume using MRI, the quadriceps have

been reported to measure 1,417.4 6 440.8 cm3 (15) and the
pectoralis major 290 6 169 cm3 (11). Although we did not
measure segmental muscle mass and volume in this study, the
relative muscle mass (muscle mass per unit body weight) of the
upper body is greater than that of the lower body. The push-up
is performed in a prone position and involves activation of the
pectoralis major and deltoid muscles, as indicated by electro-
myography (5), meaning that the relative exercise load could
be greater than in the case of the squat. Second, the RQ of the
push-up was greater than that of the squat and heel-raise
(Table 2). The energetic profile of RE differs from that of mild
aerobic exercises such as walking or jogging, and RE makes
demands on the phosphagen, glycolytic, and mitochondrial
energy systems (13). Themouth-based RQ obtained by indirect
calorimetry does not fully reflect the aerobic and anaerobic
energy systems, meaning that a higher RQ is more dependent
on the anaerobic energy system. Furthermore, the push-up
induced a significantly higher HR than did the squat in this
study, except when performed at a frequency of 1 repeti-
tion·min21, with the former eliciting over 120 b·min21 at
a frequency of 6 repetitions·min21; a higher HR during the
push-up would contribute to a higher energy cost. In addition,
we did not measure blood lactate (La) in this study, and further
studies are still needed. The 0.5 mmol·L21 of La is equal to 1.5
ml O2/(kg·min) of anaerobic EE, and we found significantly
increased La after BWRE-slow interval training (26.5 minutes
in total) from 0.9 to 3.5 mmol·L21 (18). Thus, anaerobic EE
might potentially contribute to energy cost of push-up, and
these factors could account for the higher EE observed during
the push-up as compared to the squat.

The second aim of the current study was to obtain the ex-
trapolated values for EE during each of the 3 exercises based on
a linear regression. The extrapolated EE of heel-raise, squat, and
push-up at a frequency of 10 repetitions·min21 was found to be
equivalent to 2.7 6 0.5 kcal (2.3 METs), 6.3 6 1.4 kcal·min21

(5.4 METs), and 9.2 6 2.1 kcal·min21 (7.8 METs) for these
exercises, respectively. The values of push-up was higher as
compared to our previous study using the recovery calculation
method (16). In this study, subjects repeated each exercise for 5
minutes in each stage. And, the EE in each stage, includes both
exercise and recovery, represents a steady-state condition during

Table 3

Physiological responses during body weight resistance exercises with slow movement.*

Variables Rest 1 rep·min21 2 reps·min21 3 reps·min21 4 reps·min21 5 reps·min21 6 reps·min21

Heart rate (b·min21)

Heel-raise 75.1 6 11.6 76.5 6 12.2 75.7 6 10.9 76.1 6 11.1 78.5 6 9.8 78.2 6 10.1 79.1 6 10.6

Squat 76.3 6 12.4 79.9 6 13.6 83.1 6 13.9 86.4 6 13.6 89.7 6 14.6 93.0 6 15.0 97.3 6 16.7

Push-up 64.0 6 10.7 79.7 6 11.2 87.5 6 11.2 94.9 6 10.5 101.1 6 12.0 109.8 6 18.1 120.1 6 21.5

Metabolic equivalents (METs)

Heel-raise — 1.3 6 0.2 1.4 6 0.2 1.5 6 0.2 1.5 6 0.2 1.7 6 0.2 1.8 6 0.2

Squat — 1.6 6 0.1 2.0 6 0.2 2.4 6 0.3 2.9 6 0.3 3.1 6 0.9 3.7 6 0.5

Push-up — 2.0 6 0.2 2.7 6 0.4 3.4 6 0.4 4.0 6 0.5 4.5 6 0.7 4.7 6 0.8

Respiratory quotient

Heel-raise 0.85 6 0.05 0.83 6 0.05 0.82 6 0.05 0.82 6 0.05 0.82 6 0.05 0.82 6 0.05 0.81 6 0.05

Squat 0.84 6 0.04 0.81 6 0.03 0.80 6 0.04 0.81 6 0.05 0.82 6 0.04 0.83 6 0.05 0.83 6 0.05

Push-up 0.88 6 0.06 0.83 6 0.06 0.84 6 0.05 0.87 6 0.05 0.90 6 0.05 0.90 6 0.05 0.91 6 0.03

rate of perceived exertion

Heel-raise — 7 6 1 7 6 1 8 6 2 8 6 2 9 6 2 10 6 2

Squat — 7 6 1 8 6 2 9 6 2 10 6 2 11 6 2 12 6 2

Push-up — 8 6 1 9 6 2 11 6 1 13 6 1 14 6 1 15 6 2

*VȮ2 of 3.5 ml·kg21·min21 was designated as 1 MET.
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exercise. Assuming that increased V̇O2 after exercise represents
only a component of oxygen deficit during exercise, the oxygen
deficit generated by the push-up could be greater than indicated
by V̇O2 during the 30 seconds after exercise. Furthermore, RE is
considered to represent 3.5 METs (code 02054) and 5.0 METs
(code 02052) in the Compendium of Physical Activities (1), but
according to the present findings, performing the squat and push-
up at a frequency of 10 repetitions·min21 would represent
a higher intensity (5.4–7.8 METs) than assumed previously.
These findings will be useful to exercise and health professionals
in prescribing resistance training programs using BWRE-slow.

From the perspective of promoting muscle hypertrophy, tra-
ditional RE using free weights or machines represents the gold
standard (2). However, performing free weights or machines us-
ing high-load requires longer periods of neuromuscular recovery
for beginners and older populations, and principles of in-
dividualization, periodization, and progression are very impor-
tant for beginner and older populations in resistance training
programs (6). By contrast, BWRE-slow has great potential for use
in exercise programs andmay be suitable as muscle-strengthening
activities for majority of healthy population, especially beginner
and older populations. In addition, we believe that our findings
spotlight the aspect of aerobic benefit of BWRE, which had been
previously overlooked in literature. Including regular BWRE-
slow training with other aerobic and muscle strength exercises is
potentially a good way to meet physical activity guideline more
easily. However, this study has several limitations. First, the
subject sample consisted only of healthy young men (n5 15); it is
important that additional research be performed with other
populations (women or older adults) to investigate the influence
of sex, age, and body composition on energy cost of these exer-
cises. Absolute exercise intensity of BWRE with slow movement
represents light-to-moderate intensity physical activity for
healthy young men, but the same exercises will constitute rela-
tively high intensity exercise for other groups (7). Furthermore,
other populations, such as less-trained individuals, may not be
able to perform BWRE-slow for a total of 6 stages and obtain
linear regression between EE and repetition frequency. However,
Hatamoto et al. (10) indicated that a single EE of a turn during
jogging can be calculated accurately using only 2 data points. In
such cases, it may not be possible to solve the problem by calcu-
lating by using DFAM. Second, we investigated only one speeds
of BWREwith slowmovement (3 seconds up, 3 seconds down). In
real-training setting, trainees perform BWRE at different speeds,
high-intensity functional training, and circuit RE (3,14). We
previously examined the energy cost of STS, which has similar
movement and EE with squat in this study, of both slow (3 sec-
onds up, 3 seconds down, in total 6 seconds) and normal (1 sec-
ond up, 1 second down, in total 2 seconds) experiments, the
energy cost of the STS with slow was significantly greater than
that of the STS with normal; the energy cost of the STS with slow
was approximately 40% larger than that of the STS with normal
(slow: 0.37 6 0.12 kcal; normal: 0.26 6 0.06 kcal). Thus, the
energy cost of BWRE with faster speed is considered to lower as
compared to slowmovement; however, further studies are needed
to apply this method of measuring the energy cost of BWRE at
different speeds (e.g., more slowly or more quickly). Third, we
investigated only 3 types of BWRE-slow (the heel-raise, squat,
and push-up); we selected these because they cover the major
muscle groups and are popular exercises that the majority of
adults can perform easily. Further studies are needed to apply this
method of measuring EE to other BWREs (e.g., the pull-up or
glute bridge) and to traditional RE using free weights and

machines. Fourth, as we discussed above, we did not measure La
as anaerobic energy component, so that the current studymay not
fully reflect actual EE of BWRE-slow.

Practical Applications

In the general guideline of resistance training program, exer-
cise intensity is one of the most important areas, as well as
frequency, exercise time, and exercise type; traditional RE
using free weights or weight machines with high loads
(i.e., .70 of 1RM) is recommended for improvement in
strength and muscle hypertrophy, but when these are not
feasible, BWRE is alternative for those traditional RE. How-
ever, BWRE cannot be expressed as amount of weight lifted
(in kg), and the relative intensity is expresses as %1RM or
number of RM to failure. Therefore, we investigated the EE
and METs intensity based on oxygen consumption.
To the best of our knowledge, this is the first study to

evaluate the energy cost (EE for a single repetition) of BWRE-
slow using from the slope of linear regression in healthy young
men. The results of this study indicate that energy cost was
greater in the case of the push-up than in the case of the squat
(squat: 0.50 6 0.14 kcal; push-up: 0.77 6 0.20 kcal). Fur-
thermore, the extrapolated EE of heel-raise, squat, and push-
up at a frequency of 10 repetitions·min21, based on a linear
regression, was found to be equivalent to 2.7 6 0.5 kcal (2.3
METs), 6.3 6 1.4 kcal·min21 (5.4 METs), and 9.2 6 2.1
kcal·min21 (7.8METs) for these exercises, respectively. Gross
EE depends on height, weight, and muscle mass, although, if
average young men performed 3 exercises (10 reps 3 3 sets),
respectively, the gross EE is estimated to be 55 kcal (226 kJ).
Although the exercise program using BWRE-slow does not
necessarily become a large EE that leads to weight manage-
ment and weight loss, the METs of squat and push-up are
equivalent to vigorous intensity, such as general jogging (3–4
METs), and higher as compared to assumed previously. Fur-
ther research should be conducted with other samples, espe-
cially older populations and beginners. The findings of this
study are valuable for exercise and health professionals who
prescribe RE programs using BWRE-slow to improve muscle
fitness and to control/reduce body weight in a real-training
setting.
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