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Is the SenseWear Armband accurate enough to quantify and
estimate energy expenditure in healthy adults?
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Background: The SenseWear Armband (SWA) is a monitor that can be used to estimate energy
expenditure (EE); however, it has not been validated in healthy adults. The objective of this paper was to
study the validity of the SWA for quantifying EE levels.

Methods: Twenty-three healthy adults (age 40-55 years, mean: 48+3.42 years) performed different types of
standardized physical activity (PA) for 10 minutes (rest, walking at 3 and § km-h™, running at 7 and 9 km-h™,
and sitting/standing at a rate of 30 cycle-min™'). Participants wore the SWA on their right arm, and their EE
was measured by indirect calorimetry (IC) the gold standard.

Results: There were significant differences between the SWA and IC, except in the group that ran at
9 km-h" (>9 METs). Bland-Altman analysis showed a BIAS of 1.56 METs (+1.83 METs) and limits of
agreement (LOA) at 95% of -2.03 to 5.16 METs. There were indications of heteroscedasticity (R* =0.03;
P<0.05). Analysis of the receiver operating characteristic (ROC) curves showed that the SWA seems to be
not sensitive enough to estimate the level of EE at highest intensities.

Conclusions: The SWA is not as precise in estimating EE as IC, but it could be a useful tool to determine
levels of EE at low intensities.
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Introduction shown that people who perform PA on a regular basis
are less likely to suffer from chronic illness or premature
death (2). The health benefits of PA also have repercussions

In recent years, there has been an increase in experimental
and epidemiological studies confirming the connection
between physical activity (PA), health parameters, and on a national economic level as health costs for physically

global mortality in different populations (1). It has been active people are lower (3). Because of the importance of
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this relationship, very accurate PA measurement methods
are needed to establish more specific links between PA
and health outcomes and to evaluate the effectiveness of
intervention programs (4).

Although there are methods that are considered to
be gold standards for the validation of other methods,
such as direct calorimetry, doubly labelled water (DLW),
indirect calorimetry (IC), and direct observation (5),
accelerometers are the most commonly used monitors for
research and medical purposes when quantifying levels
of PA in subjects (6). They estimate the movement of the
body based on changes in acceleration over time on one,
two, or three planes, depending on the characteristics of the
accelerometer used (7). To obtain good measurements, they
must be worn very close to the body and as near as possible
to the center of gravity (7). To measure the acceleration
intensity, accelerometers use a piezoelectric sensor
(“cantilever beam” or “integrated chip sensor”) and
microprocessors (8). However, the need for improvement
has led to the recent emergence of a new technology
that combines the accelerometer data with other
physiological sensors integrated into a single device, such
as the SenseWear Armband (SWA) (BodyMedia Inc.,
Pittsburgh, PA).

The SWA is a relatively new device that can be used to
quantify energy expenditure (EE) and is designed to be
worn on the upper arm over the triceps. Its internal sensors
include an accelerometer, a thermal flow sensor, a galvanic
sensor that records skin response, a skin temperature sensor,
and an air temperature sensor (9). The accelerometer in the
armband has two axes and uses a microelectromechanical
sensor that measures movement. The software created by
the manufacturer calculates EE using a patented algorithm
that combines acceleration, heat flow, and other parameters.
However, the percentage of each parameter (>20 output
parameters in total) that contributes to the prediction
equation is unclear (10).

The SWA has the advantage of being able to quantify
EE for very low-intensity activities or during static exercises
that do not require walking or running (9). It is for this
reason that it has been chosen for EE quantification studies
in individuals with low mobility, such as older individuals
[no difference in mean = standard deviation (SD) values
between the DLW and SWA methods, P=0.59; intraclass
correlation coefficient, ICC =0.87] (11), women with
rheumatoid arthritis ICC for 7 days =0.96) (12), and people
with hemiplegia ICC =0.59 for the hemiplegic arm, and
ICC =0.70 for the unaffected arm) (9). The SWA has also
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been validated in young adults (nonsignificant differences
versus IC in mean + SD) and sedentary people (moderate
correlation with IC, r =0.47-0.69) for different levels of
PA (13,14). However, to the best of our knowledge, no
validation studies have been conducted in healthy adults.
Thus, the aim of the present study was to evaluate the
precision and validity of the SWA monitor for quantification
of PA and EE levels in healthy adults aged between 40 and
55 years.

Methods
Participants

Twenty-three healthy adults (56.5% women) aged
between 40 and 55 years participated in the study. The
anthropometric characteristics of the participants were
as follows: age (48+3.42 years), height (167.0£10.73 cm),
body mass (63+13.35 kg), body mass index (22.78+6.38%),
and muscle mass (48.25£9.53 kg), the latter of which
was estimated using electrical bioimpedance (electrical
bioimpedance; Tanita BC 420SMA Portable Body
Composition Monitor).

The protocol was developed in accordance with the
Helsinki Declaration of 1964 for research involving humans
(considering the latest modification of 2013), the study was
approved by the University’s Human Ethics Committee
(University of Zaragoza), and all participants signed an
informed consent form for participation in the study.
The participants were excluded from the study if they
were suffering from a musculoskeletal or cardiovascular
disease that would impede them from performing the set
protocols, if they were under the effects of any medication
that may alter their metabolism, and if they had any other
contraindication for PA. All participants completed a
physical activity readiness questionnaire (PAR-Q) prior
to performing the experimental protocol. Only two
participants were excluded from the study because they
answered “yes” to one or more of the questions on the
questionnaire.

Experimental protocol

All participants performed the following standardized PA
for 10 minutes each, with 5 minutes of rest between each
activity: remaining at rest, walking at 3 km-h"', walking
at 5 km:h”, running at 7 km-h”', running at 9 km-h"', and
sitting and standing with a chair at a rate of 30 cycle-min™
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using a metronome for accuracy. The treadmill was set at an
incline of 0° for all activities.

The participants wore the SWA on their right arms
throughout the protocol, and their EE level was measured
simultaneously using an indirect calorimeter.

Materials

A model Quasar Med 4.0 h/p/cosmos treadmill was used
(Nussdorf-Traunstein, Germany).

The indirect calorimeter was used to measure EE
and oxygen consumption for each activity using open
circuit ergospirometry with an Oxycon Pro metabolic
measurement system from Jaeger-Viasys Healthcare
(Hoechberg, Germany), which provides breath-by-breath
gas analysis. Occasional non-standard respirations (e.g.,
coughing, speaking, or sneezing) were eliminated from the
dataset when a value exceeded three times the SD from
the mean, which was calculated using the average of two
intervals before and two intervals after the non-standard
respirations (15). The volume of the gas analyzer was
calibrated on a daily basis using a gas with known content
levels (16% O, and 5% CO,) (16).

The SWA was initiated via a USB-PC connection
using the software provided by the manufacturer and was
synchronized with the metabolic measurement system.
The variables of gender, age, weight, and height obtained
through electrical bioimpedance for each participant were
entered prior to carrying out each test.

Statistical analysis

Of the 10 minutes over which measurements were taken,
only the middle 5 were selected for data analysis for each
activity and for each of the data collection methods.

"To identify any significant differences between the caloric
expenditure estimation methods (indirect calorimeter/SWA)
for each of the standardized PAs (rest, walking at 3 and
5 km:h", running at 7 and 9 km-h™, and sitting/standing with
a chair), an analysis of variance (ANOVA) was conducted
using the measurements repeated 2x6 times. If significant
differences were found, the Bonferroni test was used as a
post-hoc test to compare pairs. Bland-Altman analysis was
also conducted to evaluate concordance between the two
EE estimation methods. Calculations were made of the
values of the differences in means (BIAS), SD, and limits
of agreement at 95% (LOA). The association between the
difference in means and the magnitude of the measurements
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(e.g., heteroscedasticity) was also examined via regression
analysis. For the latter analysis, the difference between
the SWA and indirect calorimeter values was introduced
as a dependent variable, while the mean value [(SWA
METs + indirect calorimeter METS)/2] was defined as the
independent variable for each activity.

Finally, the sensitivity, specificity, and area under the
receiver operating characteristic (ROC) curve (AUC) were
calculated to evaluate the precision of the SWA in classifying
different levels of PA. The maximum value of the AUC is 1
and represents perfect classification; a value of 0.50 indicates
the complete absence of accuracy in the classification. It is
considered that values >0.90 are excellent, >0.80-0.90 are
good, 0.8-0.70 are average, and <0.70 are poor (17).

For the data analysis, an Excel spreadsheet was used
along with GraphPad Prism 6.0 and the statistics package
SPSS 21.0 for Mac (SPSS, Inc., Chicago, IL).

Results
ANOVA of means repeated 2x6 times

Figure 1 shows the mean MET values obtained for each
standardized PA for each monitoring device.

Bland-Altman analysis

The analysis proposed by Bland-Altman provided BIAS
values of 1.56 METs (x1.83 METs) and LOA values from
-2.03 to 5.16 METTs. Figure 2 shows the results obtained
from this analysis.

Heteroscedasticity

This analysis showed a significant association (R* =0.03;
P<0.05), therefore indicating heteroscedasticity.

ROC curves

Tuable 1 shows the data obtained from the ROC curve
analysis for each type of PA.

Conclusions

This is the first study to evaluate the validity and precision
of the SWA for estimating EE and PA levels in healthy
adults aged 40 to 55 years old. The results show that the
SWA vyielded significantly different results for all the
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Figure 1 Comparison of EE values obtained for each method and for each PA. *, significant differences between EE estimated with the

SWA and using the indirect calorimeter, P<0.05. S, sedentary; L, light; M, moderate; V, vigorous; VV, very vigorous; S/S, sitting and

standing. EE, energy expenditure; PA, physical activity; SWA, SenseWear Armband.
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Figure 2 Bland-Altman analysis. The continuous line represents
the BIAS value, while the dotted lines represent the LOA at 95%.
SWA, SenseWear Armband. LOA, limits of agreement.

different activities except for running at 9 km-h" (>9 METs).
The Bland-Altman analysis yielded a positive BIAS
value (1.56), indicating that the SWA overestimates EE
compared with the indirect calorimeter for each of the
activities. In addition, the LOAs are very wide (7 METs),
indicating little concordance between the two methods of
estimation. Heteroscedasticity analysis revealed a positive
correlation (R* =0.03; P<0.05), showing that an increase in
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the magnitude of the variable measured (METs) leads to
an increase in the differences of the estimations obtained
using the two methods. ROC curve analysis showed that the
SWA is not sensitive in estimating the level of PA at high
intensities.

Our results are in agreement with those obtained by
Fruin and Rankin in 2004, who estimated EE in 20 healthy
adults (50% women; 18-35 years of age) while walking on
a treadmill at three different intensity levels (80.50 m-min”,
0° incline; 107.30 m-min™', 0° incline; 107.30 m-min”',
5° incline), concluding that the SWA overestimated EE at
an incline of zero and underestimated it when the incline
was increased (14). In contrast, Johannsen et «/. [2007]
studied the precision and validity of two monitoring models,
the SWA and the SenseWear Mini Armband, compared
with the doubly labeled water method for determining EE
during daily activities. A total of 30 healthy adults, aged
between 24 and 60 years, participated in this study and wore
both monitors for a period of 14 days, even when sleeping.
The final results showed the precision of the two monitors
in measuring EE under these laboratory conditions;
however, they concluded that the accuracy needed to
be improved for high-intensity activities (18). Similarly,
Drenowatz et al. [2011] evaluated the precision of the SWA
compared with an indirect calorimeter in estimating EE
when performing vigorous and very vigorous PA. A total of
20 young adults (24.3+2.8 years) participated in the study.
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Table 1 Results of ROC curve analysis
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Intensity of different PA levels

Statistical analysis

Sedentary/light Moderate Vigorous Very vigorous
AUC 0.67 0.57 0.61 0.50
Limit of agreement 95% 0.61-0.73 0.50-0.54 0.54-0.67 0.44-0.58
P value <0.001 0.05 0.003 0.92
Sensitivity 86.96% 52.90% 31.88% 97.83%
Limit of agreement 95% 80.17-92.08 44.22-61.45 24.21-40.35 93.78-99.55
Specificity 47.10% 60.87% 89.13% 2.90%
Limit of agreement 95% 38.55-55.78 52.20-69.06 82.71-93.79 0.80-7.26

AUC, area under the receiver operating characteristic (ROC) curve.

They ran on a treadmill for 10 minutes at 65.75% and
85% of their VO, max and for 30 min in the open air at the
rhythm they found most comfortable. It was concluded that
the limit up to which precise results were obtained was an
intensity of approximately 10 METs (19). For a population
group of elderly individuals (average age of 82 years), the
results demonstrated the validity of the SWA in estimating
daily EE (11). Therefore, there is great heterogeneity in the
scientific evidence available for the validity and precision
of the SWA in EE estimation. This may be a result of the
specific characteristics of each population, the monitor
firmware, the activities or experimental protocols in each
study, or the statistical analyses used in each study.

In another study, the EE of 21 healthy adults was
estimated while running on a treadmill for 10 minutes at
different intensities, with the aim of comparing the validity
of the SWA and other monitors (CSA, TriTrac-R3D,
RT3, and BioTrainer-Pro) with an indirect calorimeter.
It was concluded that the SWA was the most precise of
the monitors for estimating total EE (20). In addition,
comparing the results of the present study with those of the
study by Santos-Lozano ez 4l. (6), in which the subjects, the
experimental protocol, and the statistical analysis were all
similar and evaluated the precision of PA level estimation
with the Actigraph GT3X accelerometer, it can be seen that
the AUC values were similar. The sensitivities of the GT3X
and the SWA are very similar, with that of the SWA being
slightly better, particularly at light and moderate levels of
PA. The specificity of the SWA was better, demonstrating
its higher capacity for differentiating false-positives.
Therefore, the SWA could provide similar EE and PA level
estimation results to those of several accelerometers used
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both clinically and in research.

It is important to note that one of the limitations of this
study is that it was carried out in a laboratory; therefore,
the results cannot be extrapolated to EE estimations and
PA level classification in normal daily life. However, having
controlled each of the standardized PAs, the protocol can be
reproduced under similar conditions.

To sum up, the SWA overestimates EE compared with
the indirect calorimeter in a population of adults aged
between 40 and 55 years. There are also indications that
it is insufficiently precise for determining EE, compared
with the indirect calorimeter, at high intensities. However,
it could provide valid estimations of PA levels at low
intensities.
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