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(Chen and Bassett, 2005; Matthews, 2005). However, little data
on PA intensity, especially in preschool-aged children in free-
living conditions, has been obtained using triaxial
accelerometers (see reviews by Oliver et al. (2007) and
Hinkley et al. (2008)). In addition, a recent study of ours has
shown that discrimination between ambulation and play in
preschool children (e.g., ball tossing) using a triaxial
accelerometer (ActivTracer, GMS) contributes to better
evaluation of PA intensity (Tanaka et al., 2007a). Similar
results were reported in adults (Midorikawa et al., 2007).
These studies suggest that relationships between PA intensity
and acceleration counts are different between locomotion and
the other types of PA, and that previous studies (even with a
triaxial accelerometer) did not assess types of PA other than
locomotion. However, the ActivTracer is expensive (about
$2,000 (USD)) and does not have specific software to calculate
energy expenditure for evaluating PA. Thus, for research
studies with large sample sizes, more convenient devices such
as pedometers are more useful than the triaxial accelerometer,
although pedometers cannot evaluate levels of PA.

Two recommendations for the average daily number of steps
have been suggested for elementary school-aged children
(Tudor-Locke et al, 2004; Vincent and Pangrazi, 2002).
Vincent and Pangrazi (2002) recommended 13,000 steps/day
for boys and 11,000 steps/day for girls. Tudor-Locke et al.
(2004, 2008) recommended 15,000 and 12,000 steps/day,
respectively. Eisenmann et al. (2007) examined the utility of
these recommendations in predicting childhood adiposity.
They found that the likelihood of being classified as
overweight was greater for subjects who did not meet the
recommendation for steps per day than for those who did meet
it. Locomotion is one of the important parts of PA in free-
living conditions and daily step counts have been used as an
index of PA in many studies. However, data on daily PA and
total steps in representative samples of preschool-aged children
using the accelerometer remain insufficient, particularly for
Japanese (Cardon and De Bourdeaudhuij, 2007; Fisher et al.,
2005; Jackson et al., 2003; Montgomery et al., 2004; Pate et
al., 2004), and data on the relationship between total steps and
minutes of engagement in moderate-to-vigorous physical
activity (MVPA), except for data reported by Cardon and
De Bourdeaudhuij (2007), are lacking. Cardon and De
Bourdeaudhuij (2007) found a relatively strong correlation
(r=0.73) between daily step counts and minutes of
engagement in MVPA using a uniaxial accelerometer (MTI
Actigraph) in 4- and 5-year-old children. However,
accelerometers with a single regression equation based on
locomotive activity underestimate the energy expenditure of
nonlocomotive activities in adults (Matthews, 2005) and young
children (Tanaka et al., 2007a). Unlike adults, children engage
in types of PA other than locomotion (Oliver et al., 2007).
Therefore, the present study used a vertical/horizontal counts
ratio as a classification criterion and to discriminate between
different types of medium-intensity activities including
walking and nonlocomotive activities (Tanaka et al., 2007a).

The purposes of this study were 1) to describe the patterns
of PA classified according to intensity using a triaxial
accelerometer (ActivTracer, GMS), which can discriminate
locomotive from nonlocomotive activities, and 2) to measure
total daily number of steps using uniaxial accelerometry
(Lifecorder EX, Suzuken) in Japanese preschool children. We
also examined the relationship of daily step counts (a simple
method for measuring PA) to minutes of engagement in
MVPA.

Methods

Subjects

The subjects were 212 four- to six-year-old Japanese
preschool children (85 girls and 127 boys; mean age 5.8+0.6
years, range 4.5-6.8 years), living in the Tokyo metropolitan
area and attending kindergarten or nursery school. All of the
subjects reported being in good health, without any anamnesis
of conditions affecting energy expenditure, such as abnormal
thyroid gland function. Informed consent was obtained from a
parent, and the Ethical Committee of J. F. Oberlin University
approved the study protocol.

Measurement items and methods

Body height and weight were measured to the nearest 0.1 cm
and 0.1kg, respectively. Habitual PA was measured using a
triaxial accelerometer (ActivIracer, GMS, Tokyo) and a
uniaxial accelerometer (Lifecorder EX, Suzuken, Nagoya).
The subjects wore a S57-gram ActivIracer and a 60-gram
Lifecorder EX on the left side of the waist, as previously
described (Tanaka et al., 2007a, b). The ActivTracer was set to
record in 1-min epochs; the Lifecorder EX was set to measure
exercise intensity in 4-sec epochs and step counts in 1-min
epochs. PA was monitored continuously for 6 days (generally,
4 weekdays plus 2 weekend days). Subjects were requested to
wear these devices except during unavoidable circumstances,
such as dressing and bathing. The times that the subjects did
not wear the equipment and sleeping times were recorded by
their parents. The Lifecorder EX records a signal of 0.5 or 1 to
9 every 4 seconds while being worn, even if the subjects are
asleep. When no signal was detected for more than one hour by
the Lifecorder, the period was regarded as nonwearing time for
both the ActivTracer and Lifecorder. We excluded days during
which more than 2 hours of non-wearing time had accrued, not
counting time allowed for the above-mentioned unavoidable
reasons, and days during which subjects were absent from
kindergarten or nursery school. Subjects with at least two
weekdays and at least one weekend were used in the analyses.
As a result, PA was measured successfully in 157 of 212
children (74%).

Synthetic activity counts were recorded every 1 min by the
ActivTracer, and PAR (physical activity ratio), a multiple of
basal metabolic rate, was estimated as previously described
(Tanaka et al., 2007a). When the synthetic activity counts were
in the range corresponding to medium-intensity activities
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(between 130 and 600m@G), classification criteria using the
vertical/horizontal counts ratio (as previously described) were
used to discriminate different types of medium-intensity
activities, because the PAR for some medium-intensity
activities (i.e., non-locomotive activities) are underestimated
(Tanaka et al,, 2007a). The vertical/horizontal ratio for 1)
walking is =1.19 and for 2) nonlocomotive activities, <1.19.
Furthermore, daily step counts were evaluated using a
Lifecorder EX. With this device, if the second step is not
recognized within 1.5 seconds, the first step is not counted.

Analyses

Average number of weekday and weekend minutes spent in
MVPA (PAR =3), PAR =4, and medium-intensity activities,
number of steps, and physical activity level (PAL; total energy
expenditure/basal metabolic rate) were calculated for each
individual, and then the average weekly values were calculated
by weighting for 5 weekdays and 2 weekend days. The
relationship between the two variables was evaluated by
Pearson’s correlation and a linear regression model. A
Student’s t-test was carried out to assess the influence of
gender. All results are shown as the mean=standard deviation
(SD). Statistical analyses were performed with SPSS version
15.0] for Windows (SPSS Inc, Japan, Tokyo). All statistical
tests were regarded as significant when the p-values were less
than 0.05.

Results

The physical characteristics of the subjects are shown in
Table 1. Most of the subjects in the present study were of
normal weight. The numbers of overweight girls and boys

based on body mass index (Cole et al., 2000) were 2 and 5,

Table 1 Physical characteristics of subjects

All subjects Girls Boys
Variable n=157) (n=69) (n=88)

Mean*SD Mean*SD Mean*SD
Age (yr) 5.9%0.5 5.9%+0.5 5.9%0.5
Height (cm) 112.0x5.6 112.3x4.7 111.8+6.2
Weight (kg) 19.0+2.8 18.9+2.6 19.0+3.0
Body mass index - . .
(ke/m?) 15113 15.0=14 15.1x£1.2

Table 2 Characteristics of daily physical activity

respectively. One girl was obese. Morphological variables did
not show a gender difference.

Times in MVPA and PAR =4, step counts, and PAL are
shown in Table 2. All values for boys were significantly higher
than those for girls. The daily step counts of subjects in the
present study were normal based on the step count cutoff
values suggested by Tudor-Locke et al. (2008).

Figures 1 and 2 show the relationship between MVPA
minutes or minutes of PAR =4 and step counts. Strong
significant correlations were observed between MVPA minutes
and step counts (r=0.833, p<<0.001). The daily step counts
corresponding to 60 min, 100 min, and 120 min of MVPA were
9,934, 12,893, and 14,373 steps, respectively, and 92.4%,
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Fig. 1 Relationship between minutes engaged in moderate-to-vigorous
physical activity (PAR =3) and daily step counts.
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g. 2 Relationship between minutes engaged in PAR =4 activity and
daily step counts.

All subjects (n=157) Girls (n=69) Boys (n=88)

Activity Mean=*SD Mean=SD Mean*SD
Time in MVPA (min/day) 102.0+32.0 88.8+28.9 112.3£30.7*
Time in PAR =4 (min/day) 19.9+10.1 16.4%9.0 22.6*+10.1%
Step counts (counts/day) 130372846 12255+2823 13650 +=2726%
PAL 1.54+0.08 1.51£0.07 1.55+0.08*

MVPA: moderate-to-vigorous physical activity, PAR: physical activity ratio, PAL: physical activity

level, *: girls vs boys p<<0.05.
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51.6%, and 27.4% of the children attained these levels of
MVPA, respectively. Furthermore, a significant correlation was
also observed between minutes of PAR =4 and step counts
(r=0.604, p<<0.001). The daily step count corresponding to
30min of PAR =4 activity (engaged in by 12.7% of the
children) was 14,768 steps. When synthetic activity counts
corresponding to medium-intensity activity (between 130 and
600 mG) were obtained, the amount of time spent in walking-
type and nonlocomotive-type activities was 74+41min/day
and 16747 min/day, respectively.

Discussion

Comparison with previous studies

This study evaluated MVPA using triaxial accelerometry in
preschool-aged Japanese children. The association between
daily step counts measured by uniaxial accelerometry and
minutes of engagement in MVPA was also examined, as the
uniaxial accelerometer is a more conventional method for
measuring PA. Tanaka et al. (2007a) defined an MVPA cutoff
point of PAR =3 for preschool-aged children; the average
value of PAR for normal walking is 2.6. Therefore, in the
present study, MVPA would have consisted of activities such
as brisk walking, ball tossing, or more vigorous activities.

The current international guidelines recommend at least
60min or more per day of MVPA for children’s health
maintenance (Biddle et al., 1998; National Association for
Sport and Physical Education, 2002, 2004; Strong et al., 2005).
In the present study, 92.4% of the children spent =60 min/day
in MVPA, and 51.6% of the children spent =100 min/day in
MVPA. The average amount of MVPA was 10232 min/day.
To our knowledge, this is the first report to examine Japanese
children’s PA level using a triaxial accelerometer. In a previous
study (Montgomery et al., 2004), direct observation of 2.6-
to 6.9-year-old children showed that they spent most of
their time engaged in sedentary activities (girls: 79%, boys:
73%) and only small amounts of time in MVPA (3% and
4%, respectively) as measured by a CSA/MTI uniaxial
accelerometer. Reilly et al. (2004) also observed that the
median time spent in MVPA was only 4% at 5 years of age as
measured by a CSA/MTI uniaxial accelerometer. Alhassan et
al. (2007), using an ActiGraph uniaxial accelerometer, showed
that the average total daily time spent in MVPA at age 3.60.5
years was 2.0%1.6% in the intervention group and 1.4+£0.9%
in the control group. However, the results of the present study
coincided closely with results in other previous studies of
youth activity level measured by heart-rate monitor or
accelerometer (Andersen et al., 2006; Epstein et al,, 2001).
Andersen et al. (2006), using an ActiGraph uniaxial
accelerometer, showed that the average time spent at levels
above 4km/h at age 9 years was 116 min and at 15 years 88
min. On the other hand, Epstein et al. (2001), using a heart rate
monitor, found that youths aged 3 to 17 years engaged in
MVPA for 60-120 min. However, it should be noted that the
present data were recorded at 1-min epochs, which may not be

sensitive enough to pick up short bursts of vigorous activity
(Nilsson et al., 2002). As Freedson et al. (2005) pointed out, a
major and as yet unresolved problem of comparing studies is
the lack of a consensus on how the activity intensity cutoff
points are defined.

Our previous study showed that linear and nonlinear
regression equations using vertical acceleration counts
overestimated PAR for very low-intensity activities and
underestimated PAR for nonlocomotive activities (such as ball
tossing and stair climbing) more than the other models for
preschool-aged children (Tanaka et al., 2007a). However, all
models underestimated PAR while ball tossing and stair
climbing to the same degree. Therefore, an additional analysis
was applied in the present study to distinguish these activities
from walking. The results show that the present subjects were
engaged in walking-type activities for 7441 min/day and
in nonlocomotive-type activities for 167*47 min/day. Thus,
adjustment of the values predicted by the regression equations
using the vertical/horizontal counts ratio improved the
underestimation of PAR for nonlocomotive activities such as
ball tossing. The obtained average percentage difference was
improved from —32.1+18.9% to —4.7+15.5%. The results
also suggest that the previous algorithms for evaluation of PA
intensity using accelerometers may lead to erroneous
estimations of PA intensities. In addition, some of the previous
studies (Montgomery et al., 2004, Reilly et al., 2004) were
based on cutoff values applied to accelerometer output that
was validated against direct observation in 3- to S-year-olds
(Reilly et al., 2003; Sirard et al., 2005). Therefore, the
difference in daily time spent in MVPA between our data and
previous studies might be explained by different cutoff points
and algorithms.

Relationship between period of engagement in moderate-to-
vigorous physical activity and daily step counts

The average daily step count in the present study was
13,037£2,846 steps/day in 4- to 6-year-old children. On
the other hand, Cardon and De Bourdeaudhuij (2007) reported
that the average daily step count in 4- to S-year-olds was
9,980:2,605 steps/day, and concluded that daily step counts
in preschool-aged children were low. There are two
recommendations regarding the number of steps per day
for elementary school children (Tudor-Locke et al., 2004;
Vincent and Pangrazi, 2002). Vincent and Pangrazi (2002)
recommended 11,000 steps/day for girls and 13,000 steps/day
for boys. Tudor-Locke et al. (2004) recommended 12,000 and
15,000 steps/day, respectively. The average values of the
present study were similar to all recommended values, except
the value for boys recommended by Tudor-Locke. Nakae et al.
(2008) recently reported that a spring-levered pedometer
underestimates step counts at the slow and normal paces of
young children by more than 20%, whereas piezo-electric
pedometers are much more accurate. Cardon and De
Bourdeaudhuij (2007) used a spring-levered pedometer
(Yamax Digiwalker) while we used a piezo-electric pedometer
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(Lifecorder EX), which may be the main reason for the
considerably different average step counts. Thus, the average
step counts for preschool-aged children might be higher than
that measured by the previous study (Cardon and De
Bourdeaudhuij, 2007).

Locomotion comprises one of the important parts of
physical activity in free-living conditions, and daily step counts
have been used as an index of physical activity in many
studies. However, the relationship between daily step counts
and MVPA engagement time has not been examined except by
Cardon and De Bourdeaudhuij (2007). In the present study, a
strong and significant correlation was observed between
minutes of MVPA and step counts (r=0.833, p<<0.001). The
daily step counts in 60 min, 100 min, and 120 min of moderate-
to-vigorous physical activity were 9,934, 12,893, and 14,373
steps, respectively, and 92.4%, 51.6%, and 27.4% of the
children attained these step count levels, respectively. The
relationship between minutes of MVPA and step counts was in
agreement with the results reported by Cardon and De
Bourdeaudhuij (2007) (r=0.73, p<<0.001). However, only 8%
of their subjects reached the daily step count level
corresponding to 60min of MVPA per day. Thus, the
percentage of children achieving this level was higher in the
present study than in their study. Though differences in
categorization of moderate-intensity activities might influence
the results, both studies categorized, as similar, activities with
the same intensity level; namely, they also categorized brisk
walking as a moderate-intensity activity. The present study
categorized brisk walking as a moderate-intensity activity
because our previous study revealed that the PAR for normal-
speed walking in 6-year-olds was 2.60*+0.49 (Tanaka et al,,
2007a). However, other differences in cutoff points might help
explain the disparate results.

A significant correlation was also observed between minutes
of PAR =4 and step counts (r=0.604, p<<0.001), and 12.7% of
the children engaged in 30 min or more of PAR =4 activity.
The correlation coefficient was slightly lower than that for PAR
=3. Because the PAR for normal walking is 2.60%0.49
(Tanaka et al., 2007a), it is estimated that PAR =4 activities
such as very brisk walking and running comprised a small
percentage of overall locomotion, which may be the main
reason for the weaker correlation. Thus, total number of steps
may be a good index for moderate-intensity PA, though not for
relatively high-intensity PA.

The estimated average time engaged in locomotion was 106
min, as calculated by average daily step counts in the present
study (13,037 steps) and by the average step rate (122.7
steps/min) in our calibration study (Tanaka et al., 2007b).
However, the percentage of time in nonlocomotive type
activities was much larger than that spent in walking type
activities, in the range of synthetic activity counts
corresponding to medium-intensity activity. In addition, only

_ brisk (but not normal) walking and running are included in

MVPA, judging from the average PAR for normal walking in
the calibration study (Tanaka et al.,, 2007a). Therefore, it

should be noted that less than half of the 106 min was spent in
MVPA in the present study. Nevertheless, the average amount
of time engaged in MVPA as measured by triaxial
accelerometry was almost 100 min and was strongly correlated
with total daily number of steps. These results indicate that
young children who engage in a substantial amount of MVPA
have high daily step counts, even though prolonged locomotion
does not comprise a large part of total MVPA.

In conclusion, this study suggests that daily step counts give
valid information on daily physical activity for preschool-aged
children. These children need to take 12,893 steps/day to attain
the recommended 100 min/day of MVPA or 14,758 steps/day
to attain 30 min/day of PAR =4 activity.
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ABSTRACT

The purpose of this study was to develop a new algorithm for classifying physical activity into either
locomotive or household activities using a triaxial accelerometer. Sixty-six volunteers (31 men and 35
women) participated in this study and were separated randomly into validation and cross-validation
groups. All subjects performed 12 physical activities (personal computer work, laundry, dishwashing,
moving a small load, vacuuming, slow walking, normal walking, brisk walking, normal walking while
carrying a bag, jogging, ascending stairs and descending stairs) while wearing a triaxial accelerometer in
a controlled laboratory setting. Each of the three signals from the triaxial accelerometer was passed
through a second-order Butterworth high-pass filter to remove the gravitational acceleration
component from the signal. The cut-off frequency was set at 0.7 Hz based on frequency analysis of
the movements conducted. The ratios of unfiltered to filtered total acceleration (TAUJTAF) and filtered
vertical to horizonfal acceleration (VAF/HAF) were calculated to determine the cut-off value for
classification of household and locomotive activities. When the TAU|TAF discrimination cut-off value
derived from the validation group was applied to the cross-validation group, the average percentage of
correct discrimination was 98.7%. When the VAF/HAF value similarly derived was applied to the cross-
validation group, there was relatively high accuracy but the lowest percentage of correct discrimination
was 63.6% (moving a small load). These findings suggest that our new algorithm using the TAU/TAF cut-

off value can accurately classify household and locomotive activities.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The modern lifestyle with reduced physical activity and a
dietary intake greater than needed for daily energy expenditure is
closely related to an increasing proportion of obese people. Low
levels of physical activity are also associated with cardiovascular
diseases [1], type 2 diabetes mellitus [2,3), and osteoporosis [4,5].
In order to prevent and control obesity and other diseases,
moderate-intensity physical activity is recommended [6-8]. It has
been reported that occupational, leisure-time, and household
activities are also effective in the prevention of obesity and related
diseases [9,10]. In fact, energy expenditure (EE) induced by these
activities is much larger than exercise-induced EE when measured
throughout the day [11] In addition, a large inter-individual
variation is observed in EE for these activities [10,11]. Therefore, it
would be very useful for obesity research to measure both
locomotive and household activities accurately.
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There are several methods for evaluating short- and long-term
physical activities under free-living conditions [12,13]. Acceler-
ometers are currently used by some groups as monitoring tools
because they are small, non-invasive, and relatively inexpensive
[14]. Although several prediction equations have been developed, a
single regression equation based on walking and jogging under-
estimates the EE of moderate-intensity household activities [15].
In contrast, a single regression equation based on household
activity overestimates the EE of sedentary and light activities and
underestimates the EE of vigorous activities [15,16]. Therefore,
recent studies have attempted to classify physical activity into
locomotive and household activities using an accelerometer.
Although techniques for correct discrimination have been exam-
ined, their validity and usefulness for improving the accuracy of EE
prediction have not been sufficiently proven. In addition,
household activity comprises some part of total physical activity
and non-exercise activity thermogenesis (NEAT). However, most
studies have focused on locomotive activities such as walking and
jogging, and the degree to which household activity contributes to
the total amount (duration and EE) of physical activity under free-
living conditions remains unclear.
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Accelerometers with a DC (direct current) response are capabie
of measuring acceleration due to movement and gravitational
acceleration {17]. Therefore, filter processing that removes
gravitational acceleration is performed to detect dynamic move-
ments and gravitational acceleration is used to discriminate static
postures such as lying and standing. Although the discrimination
of posture is important in understanding behavior patterns, it is
also necessary to determine what kinds of activities a person is
performing under sitting or standing conditions. We hypothesized
that information from the gravitational acceleration signal may
contribute not only to discrimination of posture but also to
classification of physical activity inte locomotive or household
activity, because household activities tend to involve a change in
inclination of the upper body in addition to movement.

The purpose of this study was to develop a new algorithm for
quick and accurate classification of physical activity into either
locomotive or household activity using a triaxial accelerometer
and to compare the accuracy of the algorithm with a previously
proposed method.

2. Methods
2.1. Subjects

Sixty-six volunteers (31 men and 35 women) participated in this study. The
subjects were separated randomly into a validation group (n=44) and a cross-
validation group (n=22). Physical characteristics of the subjects are shown in
Table 1. Before measurements, the purpose and procedure of the study were
explained in detail. Written informed consent was obtained from all subjects. When
we recruited subjects, patticipants were excluded from the study if they had any
contraindications to exercise or if they were physically unable to complete the
activities. This study protocol was approved by the Ethical Committee of the
National Institute of Health and Nutrition in fapan.

2.2. Protocol

Before testing, height and weight were measured with subjects in light clothing
without shoes using a stadiometer and a physician’s scale. Height and weight were
measured to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index was
calculated as weight (kg) divided by height squared (m?).

All 66 subjects performed 12 sequences of normal daily movements in a
controlied laboratory setting while wearing a triaxial accelerometer on the left side
of the waist. The testing procedure was the same for ail subjects. Participants
performed each activity for 3-7 min with a break of a few minutes between each
activity. The selected activities were personal computer (PC) work, laundry,
dishwashing, moving a small load (5 kg), vacuuming, slow walking (3.3 km/h),
normal walking (4.2 km/h), brisk walking (6.0 km/h), normal walking while
carrying a bag (3 kg) in the hand, jogging (8.4 km/h) on a track, and ascending and
descending stairs at personal normal speed ( Table 2). These activities were chosen
as representative activities of daily life and were based on our observations for 3
days in free-living conditions. The preliminary study was performed using the
activity records of 93 subjects living in the Tokyo metropolitan area.

2.3. Triaxial accelerometer device

In order to perform this experiment, we used a triaxial accelerometer device with
4 GB of memory (Omron Healthcare, Kyoto, Japan) consisting of a MEMS-based

Table 1
Physical characteristics of subjects.
Men Women Total
Validation group
n 21 23 44
Age (years) 4224144 43.0+13.1 42.6+13.7
Height {cm) 170.2+5.8 1593454 164.5+7.8
Weight (kg) 68.3+15.1 55.6+9.8 61.6+£14.1
BMI (kg/m*) 23442 21.9+37 226440
Cross-validation group
n 10 12 22
Age {years) 4194143 420+114 420+128
Height (cm) 1702+75 1569+52 162.9+9.2
Weight (kg) 68.2+£11.9 548+76 61.0+11.8
BMI (kg/m?) 23.4+32 223429 228431

Values are means = SD; BMI, body mass index.

Table 2
Household and locomotive activities performed in this study.

PC work: typing with a personal computer (7 min)

Laundry: carrying clothes from a laundry basket and hanging
up clothes (6 min)

Dishwashing: washing the dishes (6 min)

Moving a small load: lifting a small load of 5kg and unloading it after
a few steps (5 min)

Vacuuming: cleaning the floor with a vacuum cleaner (6 min)

Stow walking: watking at 55 m/min around a track (6min)

Normaj walking: walking at 70 m/min around a track (5 min)

Brisk walking: walking at 100 m/min around a track (5 min)

Walking while carrying a bag: walking at 70m/min around a track
while carrying a bag of 3kg (5min)

Jogging: jogging at 140 mfmin around a track (4min)

Ascending stairs: walking up stairs at a self-selected speed (3 min)

Descending stairs: walking down stairs at a self-selected speed (3 min)

accelerometer (LIS3LVO2DQ); ST-Microelectronics) which responds to both
acceleration due to movement and gravitational acceleration. The sensor is built
in a plastic case designed to be clipped onto a waist belt. The device measures
80 mm x 20 mm x 50 mm and weighs 60g, including batteries. During the
experiment, the device was attached at waist level on the left side using an elastic
belt. A commerciat device (Omron Healthcare, Active Style Pro HJA-3501T) has been
developed from the device used in the present study.

2.4. Analysis of acceleration signal

Anteroposterior {x-axis), mediolateral (y-axis), and vertical (z-axis) accelerations
were obtained from the triaxial accelerometer during each activity at a sampling
rate of 32 Hz. The acceleration data are expressed relative to g {1 g=9.81 m/s*).
With a 12-bit analog-to-digital converter, the maximum scaling of the acceleration
data was £6 g{resolution: 0.003 g). The acceleration data were uploaded to a personal
computer. The signals obtained from the triaxial accelerometer were pracessed as
follows. Each of the three signals from the triaxial accelerometer was passed through a
second-order Butterworth high-pass filter to remove the gravitational acceleration
component from the signal. The cut-off frequency was chosen based on frequency
analysis of movements conducted. The power spectrum of each direction was
calculated by fast Fourier transform (FFT) for a temporal window that contained 256
samples of the signal. This was normalized to the maximum power of each window,
and the normalized power spectrums of the three directions were composited. We
calculated the integral of the absolute value of the accelerometer output of each of the
three axes using acceleration signals (X, Y, Z) over a 10-s time interval. The interval size
was determined based on physiological aspects and the processing performance of the
CPU; it has been reported that the use of 10-s epochs does not result in a significant
underestimation of high-intensity activity relative to 5-s epochs whereas longer
epachs do [18]. Then, the calculated horizontal acceleration in the X-Y plane
(horizontal acceleration filtered, HAF) and the calculated total three-dimensional
acceleration (total acceleration filtered, TAF) were determined. In addition, total
acceleration using an unfiftered acceferation signal {total acceferation unfiltered, TAU)
was calculated. Finally, the ratios of unfiltered to filtered total acceleration (TAU/TAF)
and of filtered vertical acceleration (VAF} to HAF (VAF[HAF), as proposed by
Midorikawa et al. {16}, were calculated. When TAU/TAF was calculated, the phases
of TAU and TAF were matched in consideration of the phase shift of the high-pass filter.
The acceleration signals from six {0-s epochs in the middle of each activity were
processed to various acceleration output variables.

2.5. Statistical analysis

Statistical analyses were carried out using SPSS Version 14.0 for Windows (SPSS,
Inc., Chicago, IL). All resuits are shown as the mean + SD. P < 0.05 was considered
statistically significant.

To assess the cut-off value for classification of household and locomotive
activities, receiver-operating characteristic (ROC) curve analysis was applied to the
acceleration data. We calculated the sensitivities and specificities using the TAU/
TAF and VAF/HAF ratios. The sensitivity was muitiplied by the specificity, and the
point with the maximum product of sensitivity and specificity was considered to be
the most valid discrimination cut-off value. The triaxial accelerometer signals from
the validation group were used to identify the optimum cut-off value of parameters
to classify physical activity. This cut-off value was then applied to the cross-
validation group and the accuracy of discrimination was evaluated.

3. Results

FFT analysis showed that for locomotive activities, peak power
appeared at a frequency of 1.0 Hz or more and the frequency of the
peak increased with an increase in walking pace. For household
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Fig. 1. Typical examples of a vertical acceleration signal during slow walking (A) and
while moving a smallload (B). Dotted line is before high-pass filtering, and solid line
is after high-pass filtering.

activities, peak power appeared at 1.0 Hz or less and the mean
frequency of the peak was 0.29 4 0.19 Hz. Therefore, the cut-off
frequency for the high-pass filter was set at 0.7 Hz (mean + 2SD).

Fig. 1 shows typical examples of a vertical acceleration signal
before and after high-pass filtering during slow walking (Fig. 1A)
and moving a small load (Fig. 1B). TAU during moving a small load
(0.34 g) was larger than that during slow walking (0.23 g). TAF
during both physical activities was similar (0.22 g and 0.22 g,
respectively). Therefore, TAU/TAF during moving a small load
(1.55) was larger than that during slow walking (1.04).

Fig. 2A shows TAU/TAF in the validation group. As in the case
illustrated in Fig. 1, the average TAU[TAF during locomotive
activities was 1.03 + 0.03 (range 0.96-1.12). In contrast, the average
TAUJTAF during household activities was 2.46 £ 0.73 (range 1.19-
5.53). The product obtained by multiplying the sensitivity and
specificity from the TAU/TAF data was 1.0 when TAU/TAF was
between 1.13 and 1.19. Therefore, the discrimination cut-off value
was set at 1.16, which is the mid-point for the TAU/TAF data. When
the discrimination cut-off value derived from the validation group
was applied to the cross-validation group, the percentage of correct
discrimination was over 95.5% (Table 3).

The VAF[HAF ratio in the validation group is shown in Fig, 2B.
The average VAF/HAF during locomotive activities was 1.13  0.36
(range 0.56-2.58) and that during household activities was
0.55 +0.13 (range 0.32-0.99). The largest product of sensitivity
and specificity using the VAF/HAF data was 0.74. Table 3 shows the
results from applying the discrimination cut-off value to the cross-
validation group. Vacuuming, doing laundry, dishwashing, and
normal walking while carrying a bag were correctly classified by
the VAF/HAF cut-off ratio, Percentages of correct discrimination for
other activities ranged from 63.6% to 95.5%.

4. Discussion

Our major finding in this study is that locomotive and
household activities can be accurately classified from the analysis
of both unfiltered and filtered acceleration signals. We used the
ratio of TAUJTAF to classify physical activities into either
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Fig. 2. The ratio of unfiltered to filtered total accelerations (TAU/TAF) (A) and the
ratio of filtered vertical to filtered horizontal accelerations (VAF/HAF ratio) (B)
during each activity in the validation group (n = 44).

locomaotive or household activities. The TAU/TAF ratios obtained
during locomotive activities (around 1.0) and household activities
(>1.0) were entirely different. Since the distinction between
locomotive, household and light activities is important for accurate
estimation of energy expenditure using an accelerometer, various
classification methods have been proposed in previous studies
[16,19]. Light activities can be discriminated from locomotive or
household activities by using only total acceleration, because a
lower total acceleration is observed for light activities than for the
other two types of activities [16]. However, locomotive and
household activities could not be clearly distinguished by a
previously reported method [19]. It is very important to estimate
EE accurately, including the proportion of time spent in household
activities throughout the day, which is a large component of NEAT.

Table 3
Percentage of correct discrimination in cross-validation group (n=22).
TAU/TAF (%) VAF[HAF (%)

PC work 100 100
Vacuuming 100 100
Laundry 160 160
Dishwashing 100 100
Moving a small load 100 63.6
Ascending stairs 100 909
Descending stairs 95.5 90.9
Slow walking 95.5 81.8
Normal walking 955 95.5
Brisk walking 100 95.5
Normal walking while carrying a bag 100 100
Jogging 100 100

TAU(TAF, ratio of unfiltered to filtered total acceleration; VAF/HAF, ratio of vertical
to horizontal acceleration.

Posture (2010), doi: 10.1016/j.gaitpost.2010.01.005

Please cite this article in press as: Oshima Y, et al. Classifying household and locometive activities using a triaxial accelerometer. Gait




G Model
GAIPOS-2936; No of Pages 5

4 Y. Oshima et al. /Gait & Posture xxx (2010) XXX-Xxx

Therefore, our findings are very pertinent to future research in this
area.

The compendium of physical activities [20] is a common source
of information regarding the intensities of various activities. The
EEs of both normal walking and vacuuming are similar according
to the compendium listings, whereas in this study the total
acceleration for vacuuming was 1/4 that for normal walking. These
results are consistent with previous reports that household
activities have a higher oxygen cost, at the same total acceleration,
compared with walking and running {19,21]. The increased EE
during household activities is due to arm movements, lifting and
carrying objects, climbing hills and stairs, and changing directions
in the horizontal plane [21]. Therefore, different prediction
equations are needed for accurate estimation of household and
focomaotive activities.

The acceleration signal was passed through a high-pass filter to
remove the gravitational acceleration component in order to
examine the actual relation of acceleration to physical activity [22].
In the present study, total acceleration was calculated from both
the filtered and the unfiltered signals. If the acceleration signal is
derived from locomotive activity which consists of only dynamic
movement, the TAU/TAF ratio is mostly found to be 1.0. In contrast,
if the acceleration signal is derived from household activity which
consists of dynamic movement and gravitational acceleration, the
TAU|TAF ratio is found to be larger than 1.0. The change in the
gravitational acceleration component indicates a change in the
inclination of the acceleration sensor. Because the acceleration
sensor is attached to the waist of the subject, TAU/TAF reflects
dynamic changes in body posture. The waist is not in the upper
body, but the inclination of the upper body accompanies that of the
waist in most instances. Therefore the gravitational acceleration
signal at the waist reflects postural changes of the upper body to
some degree. The cut-off value for classification was set at 1.16 in
the present study, as a slight postural change at the waist seems
sufficient to capture the postural changes of the upper body.
Previous studies have reported a classification method for physical
activity using the gravitational component of the triaxial
accelerometer [23,24]. However, most such classification methods
only discriminate static postures such as sitting and standing.

The TAU/TAF ratio was around 1.0 during locomotive activities
regardless of the speed and was above 1.0 during household
activities. This result suggests that there is a characteristic dynamic
change in posture, such as inclining the upper part of the body
forward, during household activities. While mainly the fower limbs
move during locomotive activities such as walking and jogging,
movement of the arms while lifting and pushing accompany
household activities. Therefore, some researchers have attempted
to classify and quantify the different types of physical activities
using both trunk acceleration and wrist acceleration [25-27].
However, using multiple sensors can have disadvantages such as
increased monetary cost and reduced convenience. If classification
can be done with a single acceleration sensor, those disadvantages
can be avoided. 1t has been reported that wrist-worn accelerome-
ter signals can explain only a small part of the variance in EE
{25,26]. In addition, it has been reported that the EEs of upper limb
movements in activities such as deskwork were not different from
the resting level, whereas self-care tasks accompanied by trunk
movements approximately doubled the resting level [25]. There-
fore, measurements of changes in posture are more important for
discrimination of household activity intensity than measurements
of upper arm movements.

The percentage of correct discrimination between locomotive
and household activities by the VAF/HAF ratio was over 63.6% in
the present study. Midorikawa et al. [16] reported that the
sensitivity and specificity for discriminating between housework
and walking using the VAF/HAF ratio was over 90%. This

discrepancy may be due to differences between the protocols.
Although 12 activities were chosen in the present study, only four
types of activity (sitting, standing, housework, and walking) were
performed in the study of Midorikawa et al. [16]. Moving a small
load, which is a dynamic activity, complicated by lifting and
walking, had the lowest discrimination accuracy of the 12
activities and slow walking had the lowest discrimination accuracy
among the locomotive activities. The VAF[HAF ratio reflects the
main direction of movement and may be associated with
differences in movement between the upper body and the lower
body. In the above two activities (moving a small load and slow
walking), movement of both the upper and lower body occur to
some degree and there may be large inter-individual differences.
Therefore, the VAF/HAF ratio may tend to misclassify dynamic
household activities and fight locomotive activities.

Crouter et al. [19] attempted to distinguish walking and
running from all other activities by calculating the coefficient of
variation from Actigraph data. Because locomotive activities
yielded a consistent minute-to-minute count, the coefficient of
variation during locomotive activities was lower than that of other
activities. They used six 10-s epochs of data to calculate the
coefficient of variation for each minute. Therefore, it is necessary to
keep a constant speed for at least 1min for an accurate
discrimination of walking with their method. Although it is
possible to maintain an even pace in experimental conditions using
a treadmill, speed is more variable in free-living walking because of
pauses for traffic lights or walking on curved roads. Therefore, it is
preferable that the discrimination be done over shorter time
periads. In contrast, we could discriminate with 10-s epochs of
data using TAU/TAF. Further research is required to determine the
effectiveness of our approach for measurements of daily life EE.

In addition, it is possible that TAU/TAF may increase even
during locomotive activities due to soft tissue movement or
loosening of the belt that attaches the device to the waist. Since our
study included only five subjects whose BMI was more than 30, we
do not know the degree to which soft tissue may influence the
results. It would be necessary to confirm whether our new
algorithm can be adjusted for subjects with abdominal obesity.

In conclusion, we have shown that it is possible to classify
locomotive and household activities using a single waist-mounted
triaxial accelerometer. By analyzing raw acceleration data, changes
in gravitational acceleration could be evaluated. The TAU/TAF ratio
during household activities was larger than that during locomotive
activities.
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BB FLFUTOHOM P EL 5 E (R
F)YDI L, RFEPEELRGEE 20D
»T, BEICEC0, Y0, Bon3E, kEwid
HE*Ho 2845 5. DLWiETRE, B0 &M
rEARRCHFETARELINLECEL KO
HOZEIZHEDT 6ok ="EE#/Kk:
DLW) %, KEXH/:0) T—ENIHATEIRT S,
DKL 4 ~ SEEHMBEE TREERDKFIZTE AN
Al \WEblb, 0%, BREIZKER - F -
MR OKBER) LRI AROZBLREE L
T, KFERELTOAEHENL, FOKE,

DLW EiZ oW TEET L. BEORNMAOHREOERE L, KEDEMEOHE
®-1 ZHEERKERCLIAEROERE

1. HEHETORKIREIEI-ETHS

2. HEBEPOKTOHRANE. KSBIUCZBIIREORLEOEEIL-ETH A

3. FREBVWTEERMUMAKE, kKEZBAURZEOAIINLENS

4. HERNAEE, FAPLERGEZBILREL LCOAFII SR A

ot

%

FAPLEHEN KL ZBLERZRROTERMAIE, FABATOERNOKTPORERNGELEFLTH

6. AP OHEE SR EZBILRED, BUKRAIIES Z Eidikw
7. WEMMFTORERMEDEREEL, 50>y s 75770 FI—ETH 2
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SEeBEAL-VERAMFLS T HHRE - FELLTH

WEE LY EL Y, TOEFBRILREDOHE
W8 & h, BoFED S (Respiratory
Quotient : RQ) #HEL, TNEFHL TEEE
HEELHETS. ZOEIS, HERENEL
R, Weir o0& % AV CEE % 887 3.
DLW BT AHIER, F-1NRTREN D &
W loTnd,

| AEOER

1. B5E, BEHEEHTHHE

¥kEELEESAME, TERMEI;EER T 7%
2B, DLW OHRSEZRI D +HIETLT
WBHZE, NuZ 759y FL)bH4128 Cll
FAREZEBECHLIZLOmMFEH-TIDOER
5. B5EE, k5872 0.12e/ke D'H0 &
0.3g/kgD HPO AL KR SN2 BTH B, #
54 2% DLW id, #HE® H,®0 (10.0atom %) &
?H,0 (99.9atom%) #BE L THEAL TV, H
EMPTETHL, TREROMEEAZ D &L
e o725, 20094 5 ABAET, 10atm% H, 0 %
500g T 5075 (B 51), 99.9atom% @ “H,0 7% 100g
TH1IFSTHEHN THE. FEOkgD ACHE
54254 T, HIUILASTFHICRS.

HEOBEIX, BERMEOFBRHD 1~ 3F
EENTVWBEDT, EERZuRLKGHRHO
BLYRRTIRMERNzE<T5. —AT, A
OHEEFT 1 BHOBEMLTEST LI L%
DT, EEOZVHER/NETRT7HHE, BAT
B4 ET 5 2 L%,

2. HFYLy

HET 2 70, FRgo—HThHT L
WOT, I, R, BEASAEATRETHS. HN
DLRTEDANLIE, BWEIIIREERTS
T BB, EROKKSTOMH R0 Dk
i, BIL TV AEAREYIC L > TEAZYD
50T, ¥F, DLWRSHOF ¥ 7V 2RET
5.

FDHOF Y TY) ST}, 284 b
HRESVFRA Y VMED 2N DL, 21 b
ETiE, DLW RE#R, RERMAIEKG &F
BRIREEIET A ABHEEQOL AT, YU 7N

ERNT A, 0%, BHETBIALR4ERZD
26, RULBEHAOT Y 7VERIT S 07k
W, BEHOTTVEIERET3IEE RS, L
L, FEREOHRSY, ZoHOZTERNMEFE
BEOBb2HEEIIE L2 572012, BHETSL
TENREFN2E, L, FFoEBEDY TN
R HRIT 2 HEDE N

—%, wVFERS Y MER, DLWHESHYH
Oy TVRELEET, BHIOHMERT(7H
4R F COMCER (B 5 \VITEEE)
OEREZN Y ¥ TVERREIT) FETH 5.
BIEHAE SIS, MRE Y VRS A
FOWMEIE R, TEAY)OEE(EEE, AF
D) RRITS.

3. & W

L 7=% 7Tk, BELTRELZOD,
REFNM AT EL E & 5¥Er (Isotope Ratio Mass
Spectrometer : IRMS) # v T, 0 & ¥0 o
A (B0/%0) & X ofEEk CH/H) 23
ETH, HrTNVREERDOT, BEEOWERC
HIOEWREST AT, KEOMERICEKEN A
THIME TV, KRR OLTERMAFIFIEL % H
EY A, Hr IV hORERMMKEELIE, £E
EGDMBRIBITLHFEHELEDEER(§%)TH L
Wh, HiELLAIYEE LTIE, ERETFHEE
(International Atomic Energy Agency :
IAEA) SEH LT % V-SMOW {234 5t
TRTZEFEZV., EHELONRFTIIES T
TNOFHEITo T A5, ERNTONED T

ThDH, WECOEBIE LYY TAOKELEBE

DEERMAEFELOBET2 AMICR S, 28,
AV PETREDOY 7T 4 @ FR5H,
5% 4 MR, BH, &&H), 2484
ETHHEESEMLLDY, v VFRAV MEET
HEVYTNEIb LD, F0izD, 1
AB ) OGTBERIIRE TS SHHEEILR S,
4. IRNX—HEEOES
‘Bohl7r— s 2ok 5RMoRERMMAELE KR
& INFRAVINTESNLEERZ TS 72
Ty MY L EMEHBEEREC RS L T
(B-1a). ZofEx BRIEIER L 2BORS
H-1b TH5B. <NVFRS v MNETOELEIET
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-100 5 10 15
=)
a.

(80 ErsrRrmmlg

75 'i\“\
_8 AT = -
-85 A \ "0
) -
A,
95
0 5 10 15
€=)]
b.

-1 Y2 7NhORERLAFILOZEL (@) EHHERIEOME (b)

B3ENE, COEROMEIPEEREOPEHE
Wb, BEMEFOTRXTORQZHEET S
CIIREETHLZ L, REBICALES, RQ L
FQ (food quotient) {Z[&] U TH % &L v ) KE
H, REHMEPOEFFREOHRLY FQ 2k
T, BMEBEELEHET Y. DLW ETREY
KBLOhBRERIZ, 7THEZE4EBEIFE L
1 HofBL 3 V¥ —HE=E (Total Energy Expen-
diture : TEE) T® 5.

I L% —BIREFEANORA

1. IxNX-—EREFRAEOERES

BE, EIOFME, ZALPOREANELH
WTITo TV A, BAE, IR EBEEHOKE T
i, SESILBHEOMEFAEIFHI A TY
5. fRFEMLLOL LTI, BEEGE 24
Bt Lk, EVEIUEERETE EFBESDH
BN, FRENEFLEHRSHS. pOTIE,
REOREFEOBEEERIIB VT, FEEIC
L2 EHDGIPERL L THELNLZ NS Do
7z, L L19S0EELIME, DLW A A% iRz
BB END L DIk o 20%, El OISR
CERSND I kot L, FEE &
HWEA—ELR&ETCE, 18RI AT —E
HU & (Total Energy intake : EI) & TEE R L
THoENIEBIIESH2bNTSHS, Hill &
DL Y22 nid DLW &4 @A LT TEL

(<va~cx)
. O
- o

_15 =
2
25 OB&xE B
-3 W =5
35
B 24 oy nE
5 B =B In
2 B & i O
34 R < O
3 i S
s} 5
L a
* z

-2 BEM(FY25.2:) EEE i (TH74.08) 1S53 3
HERATEPOSHELAIIAX—HREL DLW AT
KOEIXNFX - HREOZE (R4 2 SEEER)

SHEORE TR L-IROE A, AEHRAEN
TEIZ@/NEML TV A EBLTVWS., 0D

L2 —TIHAEFREL DLWHEICL VBEIELL
TEE DD ZEIEIHF KT -59~19%12iF 5D\ T
BY, BERE,OLERICEIZMAZILOHL
IDHER I N T 5,

BEEABTFHEDE VIOV TIE, Sawaya 5¥
PEEEBEHO 27V —FiIcn LT, FEEICE
LEELGE UBHMBWELE 28EOEY
EREERAEEC L2 EIFEOBECOWTE
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HEeEREAR-VERAFILEYHRE - MR

(%)

407 TBies
35 1 B a/En
30 4
25
20 4
15
10 A
5..
0' T T T

HEBF
FEI TR

(2> BB
> Ok BETH

-3 @NERECANMNEROES (6 ~ 8 L ) E5ER)
DLW EE AL TREL L8/ EE SRMERORIE.

HLTWE(E-2). ZOFETE, SHEYTS
12 L7z Willett 0 & EBUERRED 4 TEL %38
KEFMH U745, MEETICEE R EME, AEHE
X BEVEBED SR LA L HIS
3, TRIOB/NFHIrIRIHRE0EE L L
T, BiEE, MEORRE HEISLILEE
BWLTWA,

Westerterp 5% 11 TEI O @/ i %, @/
# (under-reporting) & & /b 8 B (under-eating)
AT TRETLTWA, BhEETwhYw s EBE
BT, EBICIERL-OETRII RV L%
FE. —HT, BMERUE, MESEPICEAS
POBBEICIYVENESRLIEFELTHY,
THIUIEER B HREBEOE, S & 2 1RE, R
WiEThHD. HOOWEISIE, PRt T
@ EREIRRC, BREORDSDOAN LS N
&Y EHEMETIE, BN OK2/35558/ 0
ER, /3PBIEETHL I ENEBIATY
5V(B-3). —F, EkEHRICESIHT L
AL T LHHIET, BERATOBIFEIZONT
BETL72E 25, M ARIOB/NEMEIET TR/
RETH-7Y. Ll, AABTIEE/IEESIR
WA L7, SBANBERASR S, RIS L ko
WAFEHII R E ol ECIKAABTIE, B
FEREASEMNIEER SN, LA EENER
BRICHEEINTWA I ENS, WEREFOMES

ERIZL DV EEREOREIE DL > T EEE
PHEFEIN TN 5,

2. BREOIZNX-HES

DLW Eid, HEATREHICAEFEL TS
HIZBWTR S EHIC TEE #3061 5 ks &
nTwa, L2LR2DS, DLWEDWLD220
REOEICEYZS2LOTHY, ka—vrho
1) A% (Human Carolimeter : HC)IZ <5 &
HEBERSY, BEIRX1~2%, #EIZ5~
TRBELINTHAS.

DLW EiZ, ZANMVF =S 2D ENKE
RHHEBAEA L 2 VIR THZET 5 2 & #EA
ERoTWE, FO18, TANVEF—NRNF L AD
BNZIRETIE, RohERLr BN EWE
Li27% A, Riumalo 5% 1%, HEHFHO TEL &
D 1H%E0T720kecal EVEELBoEE5D
fEE, MK, TEE, TEI#LBELTw3, #
DR, KEIZ-0.3~+3.5kg, HFISHIE130.6
~3.8kgBAb L 7:%%, TEE iz 1AM 0 @FIER
BTHEDoTELY, TEIZRKMLA DI
BoTuwhotz, 512, KIEHOEREIR
BEUICER LA VEF-BO66%IZEEE T
BH., 1 HHA08240kcal ZFMAREEE 2o T
V272, Riumallo & 1358 ) ?240kcal ®—#5id, &
HFRUREEL L TELPRTVBDTIE v
B LTV, RY OOV TIERET
HY, TANVF=NRI U APERNTHHEVEET
i, DLWiETHlZE L/ZEEMEL# KL L Tw
TaELTwa,

3. REZT{LEEO DLW KIC & 3 TEI OFHE

20074E42 de Jonge 5V T4 L F—EHED
HIERTIZBWT, DLW R THll5€ L7 TEE 20 &
TEI #5Fli¢ 2 Z L2 REF LA KODFRET
i3, 3EM, FEHFOTELIL D0% LR v
ANF-LERLKHEO 1 EEIZHC & DLW
EOWMATTEE X MEL, SHIFDHET
dual-energy X-ray Absorptiometry (DXA)E%
HOWTHRHEBETEZELTWD, BRI DS
DLW B L A0 F— B SN T BIREE R R
ELTWADOT, BFITEBHIAVE—4BRTC
FlEL By, ZOFETIZHC TEE L7
TEE &t DLWETHIZE L/ EE@ £ {—F L,
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DLW#HIZ L A2 TEEWFQ 2B LB ETLE
+7.7% 8/, HC THIEL-RQ 2 #HH
LB A TL.3+28 9% DB AFHETH o7z, TD
ZEHL, TAAMF-HIRETTH, DLWEIZX
) TEE #3HMHiL 9 A 2 &R EN T 5,

% 7>, de Jonge 513 DLW #ET#llZE L7z TEE
EEHEROE L R LFICER ST
IANF-BOEL,S, TEIZEELHE
OWBEELTFEMLTCNE. T42bE, TELR
DLW #CHllE L7z TEE L ff~DZ XA NV F—F
BEOEONMTRTIENTEL. KEKOE
b i = & )V ¥ —E5E & (energy store :
ES)DEL(AES) HKROX P HLEHETE .

AES(kcal/day) = (9.3x AFM) + (1.1 x AFFM)

AFM : 4kfgh (Fat Mass) DZ L& (g/day)
AFFM : B8l (Fat Free Mass) D1t & (g/day)

FORETE, #E L TELIZERL /2 TEL
LD 387+£36.7% = FFMINT WA, 0
i8Ik — 70~ +46% L K& o7 DLWEIZL Y
Sl L7- EE & ES 2 5% L7 TELIZEME L
T B L {EMTa2, BEillcABLE, H#
EBHEENKEVWEFTEDLNTWA,

4. BEEDER

1961 ~1993E I E S NV DR DRI T
ik, BEAECLHLY, % A& (large-eating)
L vid A& (small-eating) & B3k L TW A ADFF
EREREINTHS., IRHOMEIZBVTIE,
EW, BE, KE, HOLWIEIFFM 2 &% L
Th, ZEZFIEIIEED2HEDTEINSHY, =
ANF-FHEIEOLICANLEECAPVLTTERE
PR EN TV D, 1994412 Clark 5013, &
BLLRECHLT BERBIZLIATEILG
S LB TEEDHFEICMA, DLWET
TEE @il &, TEE tHFEOLILErHEEL
7o TEL R B L 7-(E-4). 20K, BOR&HK
&5 TELEABEF 4% {, TEE XS AET
ZHh o/ TEEILX, $8EH LEEFLL DLW
ECHELELEERENSIIRE LERE -
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ZEEHKEERVWAIANE - BREFHEAOLH
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(CrRRil & Y EE5FR)

POH#EELZ TELIR, SEEILHDEETE
(ot ZOMETE, PEEDIH2LICE
HRHTROLTEIOREY 3~ 4 BHEBEHRL
122 h, KEHAPEDOLNTVWAS, £2T,
Clark &%, AETHIZ L 2 TEIOEEMEIIE
{, TANF-HEDIWAEFEIRIZVDOTIE
bR TS,

5. DLW HIZL D T 2I¥—ENEH

TEI OFFE, S 2BE%HRE, £ 7%
REELORBPHEHEIZL > THDLRE, 072
Y, Bk, EEBNICIIDST, AETLZ
EORB(HHE)IARTSCENECHEL 52556
PHAH DIWHEILELYTEEX#HMET A I &
i3, ME—, ZFEMICTEIZEMEL D 5 HiEE W
AAh. FORD, FIETRLLZEI R, IhFT
RERHLEORECER SN T ERNES
BmEMNHBH. —FHT, DLW EISERMIZIE, &
BERLHFHEEYP B0 THREET50T, KE
RLHEABEAET Az BV TIE, FOELE
RERTHLENHY, Fiz, RKkGEOELH
DLW EOHER B THEILEEY5 20, &
HIZ, TAPRTINOFERH,SH, DLW EEEZEH
ERFIZLAAER, HEODHEOBERE IS
WCHERATELLOTIE 2. DLWEIZL 3
TEI 3, DEDZ &2 EELALT, SE
CISLTHERTADDEEZD.

BREE X H—V[EH : Vol 26, No. 9 (2009-9) 1101



HEREIR-VYESIBICEUARE  FEELEA
X [
1) Weir, ]. B. : New methods for calculating met-

2)

3

4

5)

6)

abolic rate with special reference to protein
metabolism. J. Physiol. 109 @ 1-9, 1949.

Black, A. E. et al : Use of food quotients to
predict respiratory quotients for the doubly-la-
belled water method of measuring energy ex-
penditure. Hum. Nutr. Clin. Nutr. 40 : 381-391,
1986.

Hill. R J. et al. ¢ The validity of self-reported
energy intake as determined using the doubly
labelled water technique. Br. J. Nutr. 85 : 415~
430, 2001.

Sawaya, A. L. et al. ¢ Evaluation of four meth-
ods for determining energy intake in young and
older women @ comparison with doubly labeled
water measurements of total energy expendi-
ture. Am. J. Clin. Nutr. 63 : 491-499, 1996.
Westerterp, K. R. et al © Validity of the as-
sessment of dietary intake : problems of mis-
reporting. Curr. Opin. Clin. Nutr. Metab. Care
5:489-493, 2002.

Goris, A. H. et al. : Underreporting of habitual
food intake is explained by undereating in high-

7

8

93

10)

11

ly motivated lean women. J. Nutr. 129 : 878-
882, 1999.

Goris, A. H. et al. :
cording of habitual food intake in obese men :

Undereating and underre-

selective underreporting of fat intake. Am. J.
Clin. Nutr. 71 : 130-134, 2000.

Goris, A. H. et al.
habitual food intake increases under-reporting
and induces selective under-reporting. Br. J.
Nutr. 85 : 629-634, 2001.

Riumalio, ]. A. et al. . Energy expenditure in
underweight free-living adults : impact of en-
ergy supplementation as determined by doubly
labeled water and indirect calorimetry. Am. J.
Clin, Nutr. 49 : 239-246, 1939.

de Jonge. L. et al. : Validation study of energy
expenditure and intake during calorie restric-
tion using doubly labeled water and changes in
body composition. Am. J. Clin. Nutr. 85 : 73-79,
2007.

Clark, D. et al. : Energy metabolism in free-
living, ‘large-eating’ and ‘small-eating’ women :
studies using 2H208) O. Br. J. Nutr. 72 : 21-31,
1994,

: Repeated measurement of

1102

ﬁ%‘aij(

TRUFIS "‘/ﬁf’_’TTQ__.,”E’_’Z—;"—';'/Ei

B (RRALRE) - B — B (REAPHE) - Bz CREAZH)

NEizl:ﬁsﬁtﬁ c,;a'i'zwww F— @ﬁi&%ﬂf@%}@%ﬁ%ix m&fﬁfrrazx@:mx

A

| @)’(‘ o ri’ http /Awww.bunkodo.co.jp  F113-0033 &3

T, f#’*‘%ﬁﬁﬁi’@m —F, Rf— /ggfwfz?w@
 @B5¥- 4848/ M5 040 (%44, 80OF3+55%) ISBN978-4-8306- -5129-8

ERSRXASE7-2-7 tel.03-3813-5478/fax.03

-3813-7241

R~ Y EH © Vol 26, No. 9 (2009-9)



7 YT RLF— I

o ETeE - wEwen eaeer0oss SE T - Hb X

[FUBIC

T3V ¥ — 1428 (energy expenditure : EE)
DIMESIEIE, SEXERFEVH B, Zh

FRCEEDE &R, AX—VEFER

£1 ./ BINEBERESEORMEEMOF LD

LLBA, BELEDRAR—VIEEROAD
EE##ET 256 L,

IHOEE 2#ET 5%

EFETTOMENTE, BHREBHOFRIC
EERIFS L.

BEBEDRESE B AR B P
<HAEELBHE>
TRTRYEOHZIXVE—HEROHE | Sfichs. HHCHHREETS. BED
— @ Mmook (DLW ) FHE NEHSHAE CEATE AR | EBHOBHREBIILrTES, IR

¥ HBEELNMDASHV. AREORE
SES BV, RESBLUERETH S,

A OU X —4%

EEROIZLY —HEBAEICSVWTE
BTEZUEDH S,

Blicthd. LUBWESROMEBF T
3% T, MEZTLANLTOAEICEDQ
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#¢, YIX FNEARCESS T B STOEFOSROAEEHAUL, XFHM
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RRoh3. BEDEBHOE®REBIZ W
TEE, BENESHEDH» &
SHE A SR MM, RHTX5. BE | IXNXOHREBFEOKEICE, REY
P— DREAMBZENTES. BELTHE | 55, HIC—MTEBEENSSE, XFB
= BIETXBEEMF S5 BEEETCO | B, LEOHE, FHOERELRTEL
HIE A AT BE. W,
BECHBLEVEEE SHEHAOEEN | I EREOSKEERH TE, DREYIEE
r—— ERISCEENCEEL TV, EEEO | CEREOSVWEROEEER 5D, &
8 sam A SR A ETRE BROEE AT TE | &4v. BRICHHED & OBHOBGRK
BEBEMEN H B, EERT ADEN 5B,
<EBHHE>
AR AT EMANRICEE | BYMICRAY H 5. BEEBOFMALE
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(KEh 1) & b %EsE )
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7 BUBIRIFE—EESTE )

Activities

Date: Day of the weck: 1" Day

* Sleeping time and rest periods

xR e e e e B e K ]

-1 mn 1- 2 23 | 34w | 4 8:m | 56w
11

_._.“,,
]

* Activities st work

Sitting | light work (c.g desk-work, activities on the compuler)

moderate work (e.g. fork-hft driving, cashicn)

Standing | light work (c.g zalesperson in 2 store, working in 3 Lab)

moderate work (¢.g. filling shelves in a store )

heavy work (e.g. masonry work)

Walking | Slow

speedy to fast

carmrving something (e.2. a tray, dishes, bag)

carrving heavy stocks (cap. 20kg)

Way to work slowly

i
Walking oo

slowly' (<15 kmh)

Bicycling |moderste’ (15-20knvh)

fast’ (20-23 kin'h)

very fast’ {23 - 26 km'h)

Driving a car

Riding in a bux, Uain or car

Not listed activitics:

+* Leisure ime and home activities

Sedentary activitics (¢ g cating, reading, watching TV, phoning, car driving)

Suanding activitics (c.g. sclf care), walhng slowly (<4 kn/h), shopping _

Light home activites {e.g. cooking, ironing, wiping dus) musvc phwng

Food shopping. chitd.nan~ u:ﬂkmg wdv (4-6 km/A). -
R TEEDREEROBI (T 3) & H BIA)

E0HD I B, TR LTHHEIED NS, &
B, BfEk SIOEU T, BWYLERESC a#
BETHS, 2T, EFrRNRELEE
K,%%Kﬁmﬁa&%xén%ﬁﬁﬂﬁﬁ,/
gL, MEREFHERIC DWW TR 5

1. JRENECHE

TEEIEUSRIE T, NRE L IIRERE IR L
T 2 IEEIRHE (FERE O A, H 2 WIxEH ) 4
DIEHONE LM Z R T 2. ZNEFNDIEE)
O EEBI LD EE 2R U E3H T2 2 & T,
NRETHHAICB T 2RIV —HER T M
52 ENTES, EEDFFEICBLTIE, HBER
HECEHRCHEZHEE D 2 WIXEN L - fE%
RT3 Z2NZNOEETLDEERRDWT
i, ZOBEBEEBMRBOEEP, 4V YTk
BHE, % oK% 59 5 THENIC O W CIEHEH
T2 ENEFE L, ERE LT Ainsworth
5 HMERLL 72758 2 & o MET OfESHEY T
%9,

TEEIREARIRIC & B3, EHMEBOFEI D
i3, EEFERICBT 2IEE8I L D EEDY

TUTODBANET e Z Lick>THL 2. HEPHR
A EDFICOVTIE, BN DE MR Y
T BEDD B0, TEEINESHEA CENT 2
ZEHHY, ZNODEIEER L ORE, R
B LD CHECHEREZ D, —F, BN
DAt Cid, BFEARAACREZKET 2 0E?H
b, ZOHA, EBFRAOBBEDHHOBRE, b
BVIIELIRT D Z LIk DIREIARHEL 2T
5 EDBEICEERY S5 2 %, Ainsworth 5@
B RISEEORAE— Y ERBEL T3, T
NTCDWEHZEA TR EDITTIIRLDT, e
=BT 2EH2ERZ L3R CH B, £/,
BRE LTI TR B 501, HETHR
RETHY, EAOEIPLEMOLLickD
EEWRZSELRZZEMEEIIRDI B

1%, Koebnick & 23MER L 72 1 BB OIEE)
#1557 BT CER T 2 - D DA TH 2 Y,
ZOFHETIE, KRE, 1EHE, KRB, AR-vRE
DIEENOWTRI X ) RIREDTRS %2 £ L o,
BEEHOES) (R2)VcowT, ZWUTBEZAS
e—2%vis, ZOWEEREE TR, SEE
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