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INTRODUCTION

The need to measure physical activity (PA) objectively and more accurately
has become a reason for interest in epidemiology, given that the practice of PA
is directly related to the health and disease process’. The use of accelerometry
has grown in these studies as a way to objectively measure the variables, allowing
greater reliability in the results obtained in the measurement of physical activity.

Accelerometers are capable of measuring the acceleration of a body indirectly
through proprietary algorithms that perform the conversion of the signals
generated, allowing us to estimate the intensity and frequency of PA practiced
by the user”.

Commercial accelerometers have been used to monitor PA and are able to
measure objectively the number of steps taken and energy expenditure (EE)
during a particular activity. These data outputs produce values in the form of
accelerations or “activity counts” for given periods of time (e.g. counts/min-').
According to the manufacturers, counts are the sum of the absolute values
of accelerations in a specific period that represent the estimate of activity
intensity measured within a specific time interval**. However, commercial
accelerometers still have a high cost due to the need to import these devices,
which makes it difficult to acquire a large number for application in large-
scale studies.

Among the various types of accelerometers in the market, the ActiGraph®
wGT3X has stood out for its wide use in studies®. This model was developed
in 2009 by the company ActiGraph® and it was one of the first of its
generation of accelerometers to measure acceleration in three axes (vertical,
anteroposterior and mid-lateral), individually and in the form of the vector
magnitude (VM)°.

Although the use of accelerometers have grown in recent years, systematic
reviews indicate the need to standardize the methods of measuring PA used in
studies in Brazil. This standardization allows greater comparability of results
among different studies, which is important in establishing and consolidating
the associations between PA and health outcomes”’. The accelerometers
have a proprietary algorithm that performs the treatment of the generated
data, which makes it impossible for the scientific community to develop a
universal method that increases the comparability between the outputs of
these devices.

There is a need to create a device that is comparable to the most widely
used devices in the literature in order to reproduce studies and give continuity
to them with a cheaper accelerometer in relation to those found in the market
and with the possibility of presenting transparency in the data processing.
The accelerometry device TrackHealth (TH) developed by researchers from
the Federal University of Triangulo Mineiro, emerges with the proposal of
presenting comparability and low cost allowing researchers to replicate studies
that use accelerometry. However, for TH to be inserted in the scientific
environment, it needs to present comparability with other devices in the
outputs generated.

Thus, the present study aimed to test the psychometric indexes of validity based
on the comparability of acceleration data from the TrackHealth accelerometry

device with the ActiGraph® GT3X.
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METHOD

Research design

This is a methodological study of applied research for validation of a research
instrument with a quantitative approach. It was approved by the Research
Ethics Committee (CEP) with human beings of the Federal University of
Tridingulo Mineiro under protocol n°® 3.139.204 /2019 and the protocol was
written in accordance with the standards established by the Declaration of
Helsinki. The accelerometry data generated by two devices in a treadmill test
were compared in order to validate a physical activity monitor comparable to
the existing ones and more accessible financially to the academic community.

Sample

The sample consisted of 30 adult individuals of both sexes selected by
convenience. Inclusion criteria for the study were: healthy adults, age range:
18-35 years, and agreement to take part in the study. Exclusion criteria were:
any pathology/mechanical limitation that prevented the use of the treadmill
and regular consumption of drugs such as antihistamines and drugs to combat
vertigo that could influence the applicability of the test.

Socio-demographic, anthropometric and behavioral
characteristics

To characterize the sample, variables such as gender, age, body mass, and
height were collected. Body mass and height were measured by using a digital
scale with an attached infrared stadiometer (WISO, W-721 with 100 g
precision). To calculate the BMI (Kg/m?), the formula [body mass (kg)/height
(m2)] was adopted.

Accelerometry

The physical activity monitors used for the research protocol were the
ActiGraph® wGT3X-BT triaxial accelerometer (ActiGraphCorp, LLC,
Pensacola, FL,,19 g; 4.6cm x 3.3cm x 1. 5cm), a small device that measures
accelerations between + 6G at a sampling rate of up to 100Hz and the TrackHealth
accelerometer (Universidade Federal do Triangulo Mineiro, 50g; 7,8cm x 3,8cm
x 2,0cm), a device that measures accelerations between + 8G at a sampling
rate of 80Hz, with a storage capacity of 8gb, with data generated stored by
the MICROSD 5V module, powered by a 9V 150mah alkaline battery and a
MPU-6050 module where the accelerometer is inserted. The device’s operating
code and the operating routine was made by programming the microprocessor
Pro mini 324p used in the accelerometer construction.

The ActiGraph® wGT3X-BT accelerometer was initialized to collect data in
raw mode (multiples of G-force) at 80 Hz sampling rate through the ActiLife®
software. The TrackHealth uses the “plug play” system, the device was connected
to the battery and started capturing data instantly. In the operational code, we
developed a system that recorded data on the SD card on a minute-by-minute
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basis. For recording activity data, the beginning of the activity was timed and
recorded for the subsequent cutting of activities, being paired with the start
time (local time) of the ActiGraph® device.

The accelerometers were attached through an adjustable strap containing
the devices around the hip. The devices were positioned on the anterior axillary
line of the non-dominant side. At the end of each speed, the belt containing
the accelerometers remained with the participant.

Collection protocol

The participants recruited by convenience were undergraduate or graduate
students of the city of Uberaba, MG. Prior to the application of the research
protocol, a pilot study was conducted for adjustments and preparation of the
collection team, which was composed of professionals and collaborators from
the health and electrical engineering areas. The activity protocol consisted of
4 (four) activities (walking at 4.8 and 6.4 km h' and running at 9.7 and 12 km
h?) performed in a laboratory (Ibramed treadmill) lasting for five minutes each,
as proposed by Freedson'® and Sasaki® for validation of accelerometry devices.
After the participants completed each speed, a fiveminute resting period was
allowed, through a bench positioned on the treadmill, removed at the beginning
of the activity, with the devices remaining on the participants until the end of
the test. The data of the participants who exceeded one minute at each speed
were computed for analysis. Before the beginning of the tests, the participants
were instructed not to exercise and to fast for at least 3 (three) hours, and to
not consume caffeine or alcohol in the same day.

The download of the ActiGraph accelerometry device was made by converting
the data to g-force (raw data) through the ActiLife® device, selecting the time-
blocks of activities performed; the TrackHealth device does not have a software
developed yet, thus an export procedure of the data in csv. file, timed from the
activity through the device’s memory card, was performed. Data alignment was
achieved by transforming the data from both devices into seconds of execution
for the four speeds of the treadmill test.

Statistical procedure

Data were tabulated in ActiLife 6.0 version and Excel, and analyzed through
Matlab R2018a software. The data were tabulated with averages of 30 seconds
for each speed of the activity protocol. This procedure was conducted to
facilitate data treatment due to the high sampling of values generated by each
device. Descriptive statistics were used to characterize the sample (relative and
absolute frequency, average and standard deviation). To determinate the level
of agreement between the accelerometers from ActiGraph® and TrackHealth,
we applied linear regressions, Person (r) correlation tests and Bland-Altman
scatterplot. The significance level of P < 0,05 was adopted for every analysis
and reliability interval (IC95%). For interpretation of the Pearson correlation
tests, the criteria from Landis and Koch (1977) were taken into account for
data interpretation: a) almost perfect 0,80-1,00; b) substantial: 0,60-0,80; c)
moderate: 0,400,60; d) regular: 0,20-0,40; e) discrete:0-0,20; f) poor: -1,00-0.
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RESULTS

The sample was composed of 30 participants with a mean age of
26.3 (SD= + 4.2) years, 75% being male (n=25), with a mean height of 174 cm
(SD=% 0.05), mean body mass of 77.5 kg (SD= + 15.3) and mean BMI of
25.5 (SD= + 4.8).

It was possible to notice that the TH device presented a difference in
relation to the ActiGraph® model, but data trend was also linear, which can
be confirmed in Figure 1a, so as to show that the amplitude of variation
of the acceleration increases with time. This linearity was not maintained
by the ActiGraph® device (Figure 1b), since it concentrated all the gravity
acceleration in the Y-axis, which can be explained by some offset adjustment
established by this device.

A: Actigraph® X-Axis and Trackhealth® X-Axis
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Figure 1. A - Comparison of the x-axis to Actigraph® and Trackhealth® of mean triaxial gross acceleration in
four different speeds in treadmill testing. (* indicates treadmill test speeds (4.8km, 6.4km, 9.8km and 12km);
B - Comparison of the y-axis to Actigraph® and Trackhealth® of mean triaxial gross acceleration in four different
speeds in treadmill testing. (* indicates treadmill test speeds (4.8km, 6.4km, 9.8km and 12km). Note. Vector of
the z-axis of the accelerometers in g as a function of run time in seconds.

In the Z-axis (Figure 2), there is greater comparability of the values found for
acceleration between the two devices as a function of time. As for the magnitude
vector (Figure 3), even with linearity, the values in the last time slices present

greater discrepancy (about 0.35 g).
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Figure 2. Comparison of the z-axis to Actigraph® and Trackhealth® of mean triaxial gross acceleration in four different speeds in treadmill
testing. (* indicates treadmill test speeds (4.8km, 6.4km, 9.8km and 12km).Note. Vector of the z-axis of the accelerometers in g as a function
of run time in seconds.
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Figure 3. Comparison of Vector magnitude (VM) Actigraph® and Vector magnitude (VM) Trackhealth® of mean triaxial gross acceleration
in four different speeds in treadmill testing. (* indicates treadmill test speeds (4.8km, 6.4km, 9.8km and 12km). Note. Vector magnitude
in g as a function of run time in seconds.

Figure 4 shows that even though there is linear progression, since there is
a difference in sensitivity between the two devices, the proportionality of the
data cannot be maintained. However, even with the difference, there was a
strong correlation (r=87).

The Bland Altman plot (Figure 5) shows the average of the values obtained
for vector magnitude data of the two devices for the four speeds (4.8 km,
6.4 km, 9.8 km and 12 km) and showed a high agreement between the
first speeds with values of coefficient of variation (CV') of 2.8% and 2.7%.
However, in the last speeds, there was a weak agreement between the two
devices, with CVs of 8.0% and 9.6% respectively, admitting a confidence
interval of 95%.
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DISCUSSION

This study compared the raw acceleration data between the ActiGraph®
wGT3+ and TrackHealth physical activity monitors during walking and running
on a treadmill. It was noted that the TH device showed better behavior in relation
to acceleration at the first speeds in the x, z axes and the vector magnitude,
demonstrating that the HT device has greater sensitivity in terms of data captured
at speeds representing light (4.8km) and moderate (6.4km) activities. On the
y-axis, it was noted that there was a discrepancy between the devices at all speeds.

The discrepancy between the monitors at raw accelerations may be attributed
to inconsistencies in the data processing of the ActiGraph® device, since the
data behavior on the y-axis (Figure 1b) may be related to proprietary filtering
processes. There is a need for investigations to determine whether correction
factors can be applied between devices in generating equivalence of accelerometer-
derived data, as corrections may entail exponential scaling of output from one
monitor to another'!. However, such a factor would be beneficial, as it would
require more transparency among accelerometer manufacturers leading to a
reduction in differences between monitors.

Other factors may generate differences between displays in raw acceleration,
such as signal processing and analog digitization, since the ActiGraph® wGT3X+
accelerometer manufacturer offers pre-programmed and user-programmable
low-pass filtering'. These differences between monitors in low-pass filtering of
analog signals can result in differences in acceleration. Factors such as differences
in zero-g offset, reference voltage, and analog-to-digital bit rate conversion can
also directly interfere with the comparability of acceleration devices'.

For the raw acceleration data, although the magnitude is larger for wGT3X+
than for TrackHealth, there is strong correlation of the two monitors (Figure 4).
Therefore, it may be possible to apply classification algorithms based on raw
acceleration features developed on one device to the other by simply applying
a conversion to the measured acceleration values. The strong correlation
between the measurements (r= 0.87) by the magnitude vector of the two brands
suggests that applying an appropriate conversion factor should make the values
interchangeable between the two brands.

When analyzing the Bland-Altman scatter plot in relation to the magnitudes
vectors of the two devices at the four speeds, there is a difference in agreement
between the accelerations generated in the treadmill test (Figure 5) in relation to the
final speeds. This result shows greater concentration at the lower limit of the graph,
suggesting a tendency to underestimate the accelerations as the speed increases.

However, there is no way to say which device is underestimating the
acceleration values, since the filtering process of accelerometry devices may use
some kind of proprietary filtering even when using raw data"® making direct
comparison between devices impossible. John' points out that there is a need
for consensus among physical activity measurement experts on the movements
and related acceleration signal characteristics that are sufficient to represent
a step, and such consensus should be used to expedite the development of an
open source, non-proprietary step detection methodology.

Nonetheless, it was possible to notice that the coefficient of variation (CV)
at initial velocities was positive, presenting values between 2.8 and 2.7%,
demonstrating that the device presents greater agreement in relation to the
ActiGraph device at lower intensity activities, generating discrepancy between
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higher velocities. A study by Paul' also found CV values between 2-3%
demonstrating that it is possible to produce accurate PA group median values.

The TH device still needs adjustments of parameters in the code to improve
the development of the data processing algorithm. This factor contributes to the
need of creating a software program that reads the data generated during the
collection, since the high sampling data requires a program to treat the noises
that are incorporated into the signal and to plot these results in a way that
facilitates the interpretation of researchers. Another point is the fact that the
device is under construction, since the calibration with metabolic data for the
prediction of physical activity levels must still be tested to validate this device.

According to our results, it was not possible to reach the level of difference
less than 5% in the final speeds in relation to the other device, which shows
the need for further research using TrackHealth in order to promote a device
with more reliability and comparability.

CONCLUSION

Differences were found between the ActiGraph® wGT3X+ and TrackHealth
with regard to raw accelerations during treadmill running speed. The findings
suggest to the research community that it may be unrealistic to expect complete
equivalence of outputs between monitors. Nonetheless, the device will go through
several steps in the refinement process, and software will need to be created to
read and process the data, and pilot projects will also need to be conducted to
test the durability of the device in different situations.

As potential limitations, we can consider having only one TrackHealth
device available, which was produced for the research, while there were five
ActiGraph® units. This results in an open problem to compare the results
between TrackHealth accelerometers from the same generation. Another
limitation was the sample size for applying the walking and running protocol
(30 subjects), which decreases the power of inference.

Therefore, it is suggested that calibration studies of the devices that are being
commercialized could be conducted to clarify aspects of proprietary filtering
of the data to ensure greater comparability between accelerometry devices in
order to standardize this process.
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