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Abstract

used accelerometer.

either could be used for population studies.

Objective: The Life Microscope is a new wristband-based life recorder system that can identify various human move-
ments. We aimed to compare physical activity data captured using the Life Microscope with data from a commonly

Results: Twenty-nine participants (34.6 4= 12.5 years) wore both the Life Microscope and an Active Style Pro accel-
erometer for 7 days. Physical activity categories were calculated by converting daily accelerometer data output into
time spent at sedentary, light, moderate, and vigorous physical activity. Correlations between the physical activ-

ity category and step count data obtained from the two accelerometers were assessed using Pearson correlations,
paired t-tests, intra-class coefficients, and the Bland-Altman method. Our results showed good reliability between the
physical activity patterns and daily step counts obtained using both devices. Bland-Altman analysis showed good
agreement between data from both accelerometers. In conclusion, both accelerometers were comparable in their
measurement of step counts and time spent in different physical activity intensities under free-living conditions, and
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Introduction
The benefits of physical activity have been well docu-
mented. Daily physical activity protects against many
conditions, including cardiovascular disease [1], type 2
diabetes mellitus [2], and mortality [3, 4]. Large epide-
miological studies often use self-reported assessments of
daily physical activity; however, these are limited in their
accuracy and may result in misclassification of data [5].
An accelerometer is an objective, small, non-invasive tool
that has the potential to measure day-by-day or minute-
by-minute variations in physical activity [6].

Many studies have used accelerometers attached to
the hip because at this location the accelerometer can
detect most major body motions, with the exception of
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upper limb movements [7]. However, a hip sensor must
be attached to a belt or worn over clothing, which may
influence wear time compliance. Recently, the National
Health and Nutrition Examination Survey (NHANES)
and UK Biobank studies have changed their placement of
accelerometers from the traditional location on the hip
to the wrist [8]. The advantages of wearing an acceler-
ometer on the wrist include good wear time compliance.
The potential of wrist accelerometers for physical activ-
ity assessment has stimulated advancements in technol-
ogy so that wrist accelerometers can now detect various
intensities of activity.

The Life Microscope (Hitachi Ltd., Tokyo, Japan), a
new wristband-based life recorder system, utilises a tri-
axial accelerometer that detects vertical, anteroposterior,
and mediolateral accelerations. The Life Microscope can
identify various human movements including working at
a desk, eating, commuting, standing, and locomotion by
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detecting changes in activity; it can provide time series
data in controlled environments over a 2 week period
[9]. It is simple, fast, and easy to use and allows Blue-
tooth data transfer. Moreover, it can generate a visual
representation of the wearer’s lifestyle by plotting their
level of activity over the course of a day. However, no
published studies have assessed whether data obtained
using this new device are comparable to data obtained
with conventional accelerometers in free-living condi-
tions. The aim of this study was to compare the outputs
of the Life Microscope with those of a commonly used
accelerometer; the parameters assessed were daily step
counts and the time spent at various activity intensities
(sedentary, light, moderate, or vigorous) under free-living
conditions.

Main text

Materials and methods

A convenience sample of 30 volunteers (15 males and 15
females) from the Hokkaido University and Hokkaido
Bunkyo University student, faculty, and staff popula-
tion participated in this study and 29 (15 males and 14
females) provided complete accelerometer data. Previ-
ous research comparing a new accelerometer with the
Actigraph (ActiGraph Inc, USA) found a high correlation
between the daily step counts obtained from both devices
(r=0.85 or greater) [10, 11]. Assuming that a high cor-
relation could also be obtained in the current study,
the required sample size when a=0.05 and p=0.10 is
12 people. Fifteen male and 15 female volunteers were
included to take into account sex-differences in the meas-
ured values. The mean=SD values of the study partici-
pants for age, stature, body mass, and body mass index
were, respectively, 31.94+10.4 years, 172.9+5.7 cm,
64.4+6.3 kg, and 21.6+2.7 kg/m*> for males and
37.5+14.3 years, 159.0+6.1 cm, 53.2+6.0 kg, and
21.142.3 kg/m? for females. Demographic and anthro-
pometric information were recorded, and we confirmed
that none of the participants had any injury or disease
that would prevent them from undertaking regular physi-
cal activity. This study was conducted with the written
informed consent of all participants, and was approved
by the Hokkaido University Graduate School of Medicine
institutional ethical board for epidemiological studies
(Reference Number: 15-001).

We compared physical activity intensity catego-
ries and daily step counts obtained using the Life
Microscope and the Active Style Pro HJA-750C
(Omron Healthcare). The Life Microscope is an accel-
erometer that is worn on a wristband. It measures
21 x 39 x 15.5 mm, weighs 22 g, and records anter-
oposterior (x-axis), mediolateral (y-axis), and vertical
(z-axis) accelerations with a resolution of 11.7 mG at
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20 Hz [12]. The Life Microscope can store data for up
to 14 days and data are uploaded from the device to a
personal computer over a wireless network. The epoch
interval for the accelerometer was set at 1 min. The
Active Style Pro HJA-750C is a triaxial accelerometer
that is worn on the hip. The Active Style Pro processes
raw data using algorithms containing a specific equa-
tion, which have been validated with the Douglas Bag
method in controlled environments [13, 14]. It meas-
ures 40 x 52 x 12 mm, weighs 23 g, and is one of the
most commonly used tri-axial accelerometers for phys-
ical activity assessment [15, 16]. The Active Style Pro
records anteroposterior (x-axis), mediolateral (y-axis),
and vertical (z-axis) accelerations with a resolution of
3 mG at 32 Hz and has the ability to classify physical
activity into locomotive and sedentary activities [13,
14]. Before assessment, each accelerometer was cali-
brated according to the manufacturer’s recommenda-
tions. Participants were asked to wear the Active Style
Pro on the left side of their waist and the Life Micro-
scope on their non-dominant wrist during all waking
hours for 7 days, except while engaging in water activi-
ties and bathing. During the 7-day monitoring period,
participants completed a daily diary to confirm their
wearing time per day.

After 7 days, the data were downloaded and non-wear
time was checked manually. After the initial data collec-
tion, because an error was found in the analysis software
of the Active Style Pro (only for data regarding daily step
counts) additional participants (11 males and 15 females)
were re-recruited from Hokkaido Bunkyo University for
daily step count analyses. Both accelerometers expressed
the intensity of physical activity as metabolic equiva-
lents (METSs) using predictive equations [13, 17]. Physical
activity patterns and the corresponding data from both
accelerometers were classified into categories based on
the METs for time spent at sedentary (1.1-1.5 METs),
light (1.6-2.9 METs), moderate (3.0-5.9 METs), and vig-
orous (> 6.0 METSs) physical activity per day [13, 18].

Statistical analyses were performed using JMP Pro
version 12.2.0 for Macintosh (SAS Institute, Cary, NC).
Pearson correlations and paired t-tests were used to
quantify the relationship between the Life Microscope
and Active Style Pro-based data. Intra-class correlation
coefficients (ICC) were calculated to examine the rela-
tionship between data obtained with the Life Microscope
and with the Active Style Pro. A concordance value of
less than 0.60 indicates poor reliability, between 0.60 and
0.79 indicates moderate reliability, and greater than 0.80
reflects high reliability [10]. Finally, Bland—Altman plots
were created to assess the level of agreement between the
devices. Limits of agreement were set at =2 SD of the dif-
ference scores.
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Table 1 Daily step counts and minutes spent at various
physical activity intensities as assessed by the Life
Microscope and the Active Style Pro

Life Microscope Active Style Pro

Steps/day 5048.7 £2616.1 51528425297
Sedentary min/day 363.8+794 38854+99.5
Light min/day 248.74+873 22214774
Moderate min/day 5484341 8694276
Vigorous min/day 93+£10.2 6.6+£9.6

Table 2 Correlations and differences between data
obtained with the Life Microscope and the Active Style Pro

Life Microscope vs Active Style Pearson Paired t-tests 1CC
Pro correlations
r p-value p-value

Steps/day 098 <0.001 0.35 0.98
Sedentary min/day 0.74 <0.001 0.06 0.72
Light activity min/day 092 <0001 <001 0.92
Moderate activity min/day 0.87 <0.001 <0.001 0.85
Vigorous activity min/day 090 <0.001 <001 0.89

Results

Data were recorded for a mean of 11.7+2.6 h per day,
and all participants exceeded 10 h of wear time per
day. The step counts and time spent at various physical
activity intensities obtained from the Life Microscope
and Active Style Pro are presented in Table 1. Correla-
tions between the data generated by the Life Microscope
and Active Style Pro are presented in Table 2. There
was a high correlation between the daily step counts
obtained with the Life Microscope and Active Style Pro
(r=0.98, p<0.001) and inter-monitor reliability was high
(ICC=0.98). In addition, the Life Microscope was as
consistent as the Active Style Pro in its step counts (mean
difference=104.1 steps, p=0.35) and registered 2.0%
fewer steps.

The correlations between the physical activity data
obtained with the Life Microscope and Active Style Pro
at each intensity level were moderate to high (r=0.74,
p<0.001 when sedentary; r=0.92, p<0.001 for light
activity; r=0.87, p<0.001 for moderate activity; and
r=0.90, p<0.001 for vigorous activity). Although t-tests
showed statistically significant differences between the
time spent in various activity intensity categories as
measured by the Life Microscope and the Active Style
Pro (mean difference =26.6 min, p <0.01 for light activity;
mean difference =32.1 min, p<0.001 for moderate activ-
ity; and mean difference =2.7 min, p<0.01 for vigorous
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activity), there was no difference in the time recorded as
sedentary between the two monitors. Inter-rater reliabil-
ity between the two monitors was also moderate to high
for all physical activity categories, with ICCs of 0.72, 0.92,
0.85, and 0.89 for time spent in sedentary, light, moder-
ate, and vigorous activity, respectively.

A Bland-Altman plot showed good agreement between
the Life Microscope and Active Style Pro physical activity
measurements (Fig. 1). The mean differences between the
step counts and time spent in sedentary, light, moderate,
and vigorous activity recorded by the two monitors were
within the limits of agreement [19], and most data were
within the limit of agreement bias.

Discussion

The present study demonstrated good correlations and
reliability between physical activity data obtained with
a commonly used accelerometer and a new, wristband-
based accelerometer in free-living conditions. Daily step
counts measured by the Life Microscope were highly
correlated the step counts recorded by the Active Style
Pro, and the difference between the step counts from
both accelerometers was small (2.0%). Such a small and
consistent difference is unlikely to affect epidemiologi-
cal research. Furthermore, the ICC was 98% indicating
very good reliability. Therefore, we can conclude that the
Life Microscope is a reliable device for measuring daily
step counts. One important additional point in this study
is that there was no statistically significant difference in
time recorded as spent sedentary, which was the majority
of the day’s activities [20], and the concordance correla-
tion coefficient between data from the Life Microscope
and the Active Style Pro was moderate. The Active Style
Pro has already been confirmed to accurately separate
sedentary behaviour from other activities using acceler-
ometer-based algorithms in controlled environments and
in free-living conditions [13, 14] Our results indicate that
the time spent sedentary obtained by these two devices
can be considered comparable.

Although there was good reliability between the data
on time spent in light, moderate, and vigorous intensity
physical activity obtained by the Life Microscope and
the Active Style Pro, there was a significant difference
between the actual times measured by the two devices.
This could arise from differences in instrument sensi-
tivity thresholds. The raw data were different depend-
ing on the accelerometer used because the magnitude
of the acceleration measured depends on the electrical
and mechanical properties of the measuring device [21].
Although we confirmed the separation of locomotor
activities by detecting the activity change points to split
out time series data in controlled environments in a pre-
vious study [9], a difference in the acceleration sensitivity
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Fig. 1 Bland-Altman plot for Life Microscope vs the Active Style Pro. Difference in step counts (a) and time spent at different intensities of physical
activity (b. sedentary; c. light; d. moderate; e. vigorous). Solid lines: mean of difference. Dashed lines: 2 SD of difference

thresholds may explain the discrepancies between the
time spent in different activity intensities as measured
by the two devices. Another reason for these differences
may be the location of the accelerometer on the body.
Results from previous studies suggest that the wrist may
move differently than the hip during the same activity
depending on what is in the hand; for example, the raw
motion signature for the wrist may increase while stand-
ing holding a heavy bag or walking with a mobile phone
[7, 22], which may lead to misclassification of physical
activity patterns. Thus, although the results of the present
study indicate that both devices are highly reliable and
give well-correlated results, caution is needed when com-
paring outcomes and conclusions between studies that
use different accelerometers.

In conclusion, our study demonstrates good correla-
tions and reliability in the physical activity patterns and
daily step counts obtained using the Life Microscope, a
new wristband-based accelerometer, and the Active Style
Pro in healthy adults under free-living conditions. As
epidemiological surveys move toward using wristband-
based accelerometers this study provides evidence that
the Life Microscope is a suitable tool to use for assess-
ment of physical activity in epidemiological research.

Limitations

Several limitations should be considered when interpret-
ing our results. All of the participants in our study were
healthy individuals; therefore, we cannot generalize our
findings to other populations. Furthermore, the number
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of participants was small. However, based on our sample
size calculations the number of participants was suffi-
cient to detect strong correlations between the data sets.
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