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Abstract The use of the SenseWear1M armband (SWA), 
an objective monitor of physical activity, is a relatively 
new device used by researchers to measure energy 
expenditure. These monitors are practical, relatively inex-
pensive and easy-to-use. The aim of the present study was 
to assess the validity of SWAs for the measurement of 
energy expenditure (EE) in circuit resistance training 
(CRT) at three different intensities in moderately active, 
healthy subjects. The study subjects (17 females, 12 males) 
undertook CRT at 30, 50 and 70% of the 15 repetition 
máximum for each exercise component wearing an SWA 
as well as an Oxycon Mobile (OM) portable metabolic 
system (a gold standard method for measuring EE). The EE 
rose as exercise intensity increased, but was underesti-
mated by the SWAs. For women, Bland-Altman plots 
showed a bias of 1.13 ± 1.48 METs and 32.1 ± 34.0 kcal 
in favour of the OM system, while for men valúes of 
2.33 ± 1.82 METs and 75.8 ± 50.8 kcal were recorded. 
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Introduction 

Resistance exercise is recommended by the American 
College of Sports Medicine (ACSM), the American Heart 
Association (AHA) and the National Strength and Condi-
tioning Association (NSCA). Among its benefits are 
increased muscular strength and endurance, and reduced 
blood pressure (Kelley and Kelley 2000). In addition, since 
resistance exercise raises energy expenditure (EE), it could 
help prevent weight gain after its loss (Hunter et al. 2008). 
It could, therefore, be of valué during weight loss or weight 
loss maintenance programs when combined with energy 
intake restriction and endurance exercise (Kraemer et al. 
1999). 

The use of systems for measuring EE during resistance 
training is of great importance, especially when the main 
purpose is to lose or control body weight (Trost 2001). 
Several authors have attempted to validate the methods, 
techniques and equipment for the analysis of EE using 
different populations taking part in different forms of 
physical training (Rawson and Walsh 2010; Schoeller 
1988; Trost 2001). Some have tried to determine the EE 
during strength training using gold standard assessment 
systems such as the doubly labelled water (DLW) tech-
nique (Schoeller 1988), respiratory gas analysis and the 
measurement of biochemical markers in blood (St-Onge 
et al. 2007). However, these methods are either laborious or 
expensive. SenseWearT Pro2 armband (SWA) acceler-
ometers were designed to offer a cheap, easy-to-use alter-
native, but they are reported to underestimate EE during 
high intensity exercise (Drenowatz and Eisenmann 2011). 
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The accuracy of SWAs in resistance and interval training 
with different workloads has not been tested. 

The aim of the present study was to compare the results 
for EE provided by SWAs and by respiratory gas analysis 
using an Oxycon Mobile (OM) portable metabolic system 
(Erich Jaeger, Viasys Healthcare, Germany) during circuit 
resistance training (CRT) under different loads in young 
men and women. 

Methods 

The study subjects were 12 men (age 24.2 ±1 .9 years; 
weight 79.5 ± 7.2 kg; height 180.6 ± 6.8 cm) and 17 
women (age 21.5 ± 2.6 years; weight 58.8 ± 4.9 kg; height 
162.7 ± 3.7 cm). All were moderately active (undertaking 
3-5 h exercise week-1 and with at least 1 year of experience 
in strength training), as assessed using the entena of the 
International Physical Activity Questionnaire (IPAQ) (short 
versión). None of the subjects were smokers, had diabetes, 
cardiovascular disease or metabolic disorders (potential 
subjects with these conditions were excluded). The medical 
histories of the subjects were checked and physical exam-
inations performed to confirm suitability for inclusión. All 
subjects gave their written informed consent to particípate in 
the study, which was approved by the Human Research 
Review Ethic Committee of the Universidad Politécnica de 
Madrid. 

Each subject carne to the laboratory eight times. During 
the first visit, the resting metabolic rate (RMR) was 
obtained. The next four visits involved the calculation of 
the 15 repetition máximum (15 RM) from each of the 
different components of the CRT. In the final three visits, 
CRT was performed at three different intensities (ran-
domised counterbalance order): 30, 50 and 70% of 15 RM 
for each CRT component. 

To assess the RMR, participants anived at the labora
tory at 7:00 a.m. after a 12 h overnight fast. The RMR was 
measured by indirect calorimetry in the supine position 
(over 30 min) and standing up (over an additional 15 min), 
according to Melanson et al. (2002). 

The 15 RM for each component exercise was deter-
mined over 2 weeks with a máximum of two attempts per 
component per day. The test started after a 5-min cardio
vascular warm-up on a cycle ergometer, followed by three 
sets of 15 repetitions of the exercise component for the day 
performed at 50, 70 and 90% of the estimated 15 RM. A 
2-min recovery period was alio wed between attempts. The 
subjects then rested for 5 min before undertaking a final set 
of 15 repetitions at 100% of the estimated 15 RM. If the 
subject was able to exceed 15 repetitions, a further attempt 
was performed after 5 min recovery, at +2.5% of the 
estimated 15 RM. If the subject was unable to manage 15 

repetitions, the load was reduced by 2.5% (Hurley et al. 
1988; Scott and Kemp 2005). All tests were performed 
with the same cadenee (2:1) to be used later during the 
CRT protocols. During tests, all the subjects were 
encouraged to perform as many repetitions as possible. 

Prior to starting a CRT session, an SWA was placed on 
the upper dominant arm (on the triceps) of each volunteer. 
Breath-by-breath analysis of the expired gases was under-
taken over the entire session using an OM (Erich Jaeger, 
Viasys Healthcare) portable metabolic system (Díaz et al. 
2008). The OM system was calibrated prior to each sub-
ject-session; oxygen consumption was recorded in 10 s 
intervals. Heart rate (HR) was recorded using an HR 
monitor (Polar Electro Oy, Kempele, Finland) functioning 
alongside the gas analyser. Each session started by per-
forming a warm-up involving 5 min running on a treadmill 
at 50% of the heart rate reserve, followed by 1 min rest and 
then a CRT lap at just 20% of 15 RM. A 1-min recovery 
was then alio wed before the subjects performed three CRT 
laps at either 30, 50 or 70% of the 15RM for each com
ponent. All the exercises were performed on Pannata 
exercise machines (Pannata, Italy) and in the following 
order: (1) sitting bench press, (2) leg extensión, (3) lat 
pulldown, (4) inclined leg press, (5) shoulder press, (6) leg 
curl, (7) biceps curl and (8) cable push downs. 

Exercise EE for aerobic metabolism was con verted as 1 L 
of 02 — 5 kcal. Upon completion of the session, subjects 
immediately rested standing up, and the excess post-exercise 
oxygen consumption (EPOC) was recorded using the OM 
un til it fell below the respective 10 min resting 02 uptake 
recorded in the RMR test. The EPOC was calculated as 1 L 
of 02 consumed — 4.64 kcal used (Scott and Kemp 2005). 
The latter figure was assumed to exelude rapid glycolytic 
ATP re-synthesis as part of EE; thus EPOC represented 
aerobic EE only (Scott and Kemp 2005). 

The portable SWAs (HealthWear, Bodymedia, Pitts-
burgh, PA, USA) used in this work were composed of a 
two-axis accelerometer, a heat flux sensor, a galvanic skin 
response sensor, a skin temperature sensor and a near-body 
ambient temperature sensor. The data they recorded, as 
well as gender, body weight, height, handedness and 
smoking status (smoker or non-smoker), were used to 
calcúlate EE based on the SWA proprietary algorithm. 
Second-by-second valúes are reported as either kcal or 
METs. Data were downloaded to a computer using 
INNERVIEW versión 4.02 software (Bodymedia). 

Statistical analyses 

The normal distribution of the data was confirmed using 
the Kolmogorov-Smirnov test. Differences in mean SWA-
and OM-determined EE valúes were examined using the 
paired Student f-test. Bland-Altman plots were drawn to 



establish the bias of the EE valúes for one measuring 
system or the other following the prescribed procedure 
(Bland and Altman 1986). Three-way ANO VA (gen-
der x devices x intensities) with repeated measures was 
used to analyse differences between EE valúes (in kcal and 
METs). This was folio wed by two-way ANO VA (gen-
der x intensities) with repeated measures. Múltiple com-
parisons of EE between sexes and intensities were performed 
using the Bonferroni post hoc test. All analyses were per
formed using SPSS 15.0 software for Windows (SPSS, 
Chicago, IL, USA). Significance was set atp < 0.05. 

Results 

Significant differences were detected in the EE results 
(both in kcal and in METs) provided by the two devices at 
all exercise intensities (Table 1). These differences per-
sisted when all intensity results were grouped and analysed 
together (Table 1). 

In general, the SWA system underestimated the EE 
(Fig. 1). For the women, Bland-Altman plots showed a 
bias of 1.13 ± 1.48 METs and 32.1 ± 34.0 kcal in favour 
of the OM system, while for men valúes of 2.33 ± 1.82 
METs and 75.8 ± 50.8 kcal were recorded. 

Figure 2 reveáis significant differences between the 
delta valúes (the difference in EE as measured by OM and 
SWA) of the men and women at the 50 and 70% intensi
ties, but not at the 30% intensity. No differences were seen, 
however, at any intensity among the women. Thus, the 
difference between the devices becomes greater as exercise 
increases, but only in men. Three-way ANO VA confirmed 

the interaction intensity x sex to have a significant effect 
on the difference in EE valúes measured by the two sys-
tems (in kcal F[2.l] = 5.645, p = 0.016; in METs, 
F[2.1] = 4.197, p = 0.036) (Fig. 2). 

Discussion 

Some authors (St-Onge et al. 2007) report a strong corre-
lation between estimates of EE made by SWAs and indirect 
calorimetry during low intensity exercise. Further, in 
comparisons with indirect calorimetric methods and the 
DLW test, Drenowatz and Eisenmann (2011) reported 
SWAs to accurately determine EE in adults and children at 
rest and during low to modérate intensity exercise. How
ever, the present results show that SWAs underestimate EE 
during CRT, with the error increasing as exercise intensity 
rises in men. Drenowatz and Eisenmann (2011) also 
reported SWAs to inaccurately estimate EE at intensities 
above 10 METs or at a running speed of abo ve 6 mph 
(161 m min~ ). While the three exercise intensities they 
investigated returned similar valúes for EE (9.36, 9.60 and 
9.51 METs for 65, 75 and 85% of V02m¡oí, respectively) 
when measured by SWAs, OM-based measurements showed 
EE to increase with exercise intensity. They suggested the 
cause might lie in the algorithm used by the apparatus. 
Koehler et al. (2010) also reported inaccuracies when 
studying men running for 5 min at speeds above 6.3 mph. 
The results of both latter studies suggest that above 10 METS, 
the results provided by SWAs become very unreliable. 

These problems may be explained in that the SWA 
algorithm relies on the measurement of body acceleration; 

Table 1 Mean (±SD) valúes 
for SWA and OM estimations at 
different intensities 

Valúes are mean (±SD) 

' Significant differences 
between devices SWA vs. 
(p < 0.01) 

OM 

Variable 

OM energy expenditure 

(METs) 

SWA energy expenditure 
(METs) 

OM energy expenditure 

(Kcal) 

SWA energy expenditure 
(Kcal) 

Intensity 

(%) 

30 

50 

70 

All 

30 

50 

70 

All 

30 

50 

70 

All 

30 

50 

70 

All 

Males 

5.45 (±1.07) 

7.52 (±1.15) 

9.39 (±2.32) 

7.26 (±2.25) 

4.421" (±0.69) 

4.871" (±0.88) 

5.681" (±0.92) 

4.931" (±1.05) 

157.81 (±26.67) 

218.34 (±36.83) 

266.09 (±52.74) 

208.13 (±60.39) 

116.581" (±16.60) 

135.201" (±15.61) 

148.801" (±13.39) 

132.331" (±19.74) 

Females 

4.49 (±1.36) 

5.27 (±1.37) 

5.96 (±1.51) 

5.33 (±1.58) 

3.831" (±0.64) 

4.141" (±0.61) 

4.741" (±0.54) 

4.201" (±0.68) 

97.72 (±30.75) 

114.10 (±28.54) 

129.64 (±32.37) 

116.36 (±36.12) 

74.591" (±8.64) 

82.941" (±12.39) 

97.351" (±12.67) 

84.251" (±13.74) 

Total 

4.89 (±1.32) 

6.10 (±1.68) 

7.24 (±2.47) 

6.06 (±2.08) 

4.071" 

4.411" 

5.091" 

4.481" 

122.58 

152.71 

180.18 

151.03 

91.971" 

102.301" 

116.411" 

102.411" 

(±0.72) 

(±0.79) 

(±0.83) 

(±0.91) 

(±41.56) 

(±60.02) 

(±78.21) 

(±64.52) 

(±24.37) 

(±28.99) 

(±28.32) 

(±28.46) 
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Fig. 1 Bland-Altman plots for OM/SWA for both men and women (data expressed in METs and Kcal) 

however, it does not take into account the actual load being 
moved. Thus, the EE results provided by the algorithm 
would be the same whether 20 or 50 kg were being moved 
if the acceleration of the body moving them were the same. 
Any underestimation of EE might, therefore, become 
greater, especially in men, as exercise intensity increases. 

The underestimation of EE in men compared to women 
with increasing exercise intensity may be explained in that 
women may perceive their effort as being greater than it 
truly is. Thus, the present 15 RM for the women may not 
have truly reflected their máximum effort. In studies of 
resistance exercise training for the management of body 
weight, Benton and Swan (2009) concluded that women 
should be encouraged to exercise at higher intensities than 
they believe to be their best effort (e.g. 70-80% 1 RM) in 
order to maximise the volume of work and the energy 
expended. 

Drenowatz and Eisenmann (2011) suggest that, despite 
taking into account heat-related measurements, SWAs 

might fail to overeóme their limitations at higher exercise 
intensities since sweating rates increase with exercise 
intensity. This might lead to sensors returning inaecurate 
readings. The site where an accelerometer is worn may also 
influence the EE results obtained (Johannsen et al. 2008), 
although in the present work the SWAs were adequately 
worn on the triceps. 

It is possible that the SWA propriety algorithms make 
use of regression equations to calcúlate EE. However, if 
they are based on those for walking, jogging and the 
activities of daily living, EE during CRT exercise may not 
be accurately measured. Similar concerns were expressed 
by Rawson and Walsh (2010) in a study involving accel-
erometers made by a different manufacturer. 

As suggested by Koehler et al. (2010) and Drenowatz 
and Eisenmann (2011), the present results suggest that the 
SWA algorithm may need to be modified for use with 
resistance training. The addition of heart rate measure
ments (Plasqui and Westerterp 2005) or better body 



4-

3.5-

3-

2.5-

2-

1.5-

1-

0.5-

o-

Men Women 

i 

r#a ^ 

#a 

30% 50% 70% 

Intensity (% of 15RM) 

Fig. 2 Delta differences for OM/SWA at each intensity for men and 
women (in METs and Kcal). Valúes are shown as means and standard 
errors. aSignificantly different compared to 30% of 15 RM 
(p < 0.001). Significantly different between sexes (p < 0.001) 

tracking (Rawson and Walsh 2010), perhaps achieved 
through the use of triaxial accelerometers, may also be 
useful. Further work using SWAs that include these mod-
ifications should be undertaken. 
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