Table3  Amino acid composition of reference protein and various test intake

Reference protein Protein intake (g/kg BW/day)
(Egg protein composition)
(mg/g protein) 0.5 0.7 0.9 1.0 1.2 14
Ala 61.4 30.7 43.0 553 61.4 73.7 86.0
Arg 75.1 37.6 52.6 67.6 75.1 90.1 105.1
Asn 333 16.7 233 30.0 333 40.0 46.6
Asp 333 16.7 23.3 30.0 333 40.0 46.6
Cys 22.1 11.1 15.5 19.9 22.1 26.5 30.9
Gln 56.6 283 39.6 50.9 56.6 67.9 79.2
Glu 56.6 283 39.6 50.9 56.6 67.9 79.2
Gly 33.3 16.7 233 30.0 333 40.0 46.6
His 22.7 11.4 15.9 20.4 22.7 272 31.8
Ile 62.8 314 44.0 56.5 62.8 75.4 87.9
Leu 83.3 41.7 583 75.0 83.3 100.0 116.6
Lys 75.7 37.9 53.0 68.1 75.7 90.8 106.0
Met 29.6 14.8 20.7 26.6 29.6 355 414
Phe 54.7 76.6 76.6 76.6 76.6 76.6 76.6
Pro 41.9 21.0 29.3 37.7 41.9 50.3 58.7
Ser 83.9 42.0 58.7 75.5 83.9 100.7 1175
Thr 47.1 23.6 33.0 42.4 471 56.5 65.9
Trp 15.6 7.8 10.9 14.0 15.6 18.7 21.8
Tyr 40.7 57.0 57.0 57.0 57.0 57.0 57.0
Val 70.3 352 49.2 63.3 70.3 84.4 98.4

Table 4  The protocol for each study day

Time 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00
Exp.Diet” O O @) O O O O @) O O
3C-Phe” B O O 0O 0O 0O
NaH"C0,% ©
Breath sample? e & 4 ® 66 6 o

a) The experimental diet (O) was a omlet, uiro, and sucrose. The diet was provided hourly for 10 h.
Each meal was isocaloric and isonitrogenous and represented 1/12 of each subject’s daily requirement.

b) Priming dose of *C-Phe was started at the 5th meal and continued hourly throughout the remaining 4 h
of study. B: 0.66 mg/kg BW. [1:1.20 mg/kg BW.

¢) Priming does of NaH">CO; was started at the 5th meal. ©: 0.176 mg/kg BW.

d) Breath samples () were collected at 13:00, 13:30, 14:00, 15:00, 16:00, 17:00, 17:30, 18:00, 18:30,
and 19:00.
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Abstract

The present study compared the accuracy of triaxial accelerometry and the doubly labelled water (DLW) method for measuring physical
activity (PA) in Japanese adolescents. A total of sixty adolescents aged 12—15 years were analysed. The total energy expenditure (TEE) was
measured over 7d by the DLW method and with an EW4800P triaxial accelerometer (Panasonic Corporation). The measured (RMR,,) and
predicted RMR (RMR;,) were 57 (sD 0-9) and 6:0 (sp 1-0) MJ/d, respectively. TEE measured by the DLW method and accelerometry using
RMR;, or RMR,, were 110 (sp 2:6), 10-3 (sp 1-9), and 107 (sp 2:1) MJ/d, respectively. The PA levels (PAL) measured by the DLW method
using RMR,, or RMR,, were 1:97 (sp 0-31) and 1-94 (sD 0-31) in subjects who exercised, and 1-85 (sp 0-27) and 1-74 (s> 0-29) in subjects who
did not exercise. The percentage of body fat correlated significantly with the percentage difference between RMR,, v. RMR;,, TEE, PA
energy expenditure (PAEE) and PAL using RMR;, and PAL using RMR, assessed by the DLW method and accelerometry. The present
data showed that while accelerometry estimated TEE accurately, it did not provide the precise measurement of PAEE and PAL. The error

in accelerometry was attributed to the prediction error of RMR and assessment in exercise.

Key words: Junior high school students: Total energy expenditure: Walking step counts: Sports

Data from the Ministry of Education, Culture, Sports, Science,
and Technology in Japan show that the proportion of obese
(more than 120% of standard body weight for height)
Japanese junior high school students (aged 12—15 years old)
is 9:37-1099% in boys and 7-89-892% in girls, and that
the proportion in boys has increased slightly over the last
20 years’®. A change in physical activity (PA) may have
effected this increase in the proportion of obesity, although
data on PA in Japanese adolescents are limited.

The proportion of junior high school students participating
in daily exercise increased from 1970 to 2000°”. However, the
PA level (PAL) and the amount of moderate-to-vigorous PA
(MVPA) were not established in previous studies.

Studies of PA in Japanese adolescents often measured walk-
ing steps, as pedometers and accelerometers are very popular
tools in Japan. These studies used uniaxial accelerometry to
show that junior high school students walk 9450-15428
steps/d on weekdays and 6375-15517 steps/d on weekends®.

Only two studies have measured total PA wusing the
doubly labelled water (DLW) method in Japanese children
and adolescents. Hikihara et al® measured PA in high
school baseball players (mean age 165 years, PAL 2-66),
while Adachi et al® measured PA in elementary school
students (mean age 11-2 years, PAL 1-47). These studies simul-
taneously used uniaxial accelerometry, which is used widely
in Japan. Hikihara et al.“ reported that total energy expendi-
ture (TEE) measured by uniaxial accelerometry correlated
strongly with DLW data (» 073, P<<0-05), but underestimated
TEE (353 (sD 3:6) %).

Subjective measurements are less preferable in children as
a consequence of complex movement behaviour in young
people and their inability to accurately recall the intensity,
frequency and duration of activities®. Objective measure-
ments using accelerometers are therefore required to evaluate
PAY®. Possible reasons for the limited data on PAL and
MVPA in Japanese children are the lack of a validation

Abbreviations: ACCp,,, measured by accelerometry using measured RMR; ACCy, measured by accelerometry using predicted RMR; DLW, doubly labelled
water; DLWy, measured by the doubly-labelled water method using measured RMR; DLW, measured by the doubly-labelled water method using
predicted RMR; TEE, total energy expenditure; MVPA, moderate-to-vigorous physical activity; PA, physical activity; PAEE, physical activity energy
expenditure; PAL, physical activity level; 7co,, rate of CO; production; RMR,,, measured RMR; RMR,, predicted RMR; TEE, total energy expenditure.

* Corresponding author: K. Ishikawa-Takata, email kazu@nih.go.jp
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study for accelerometry in children, and the higher cost
of accelerometers compared with pedometers. Recently,
Yamada et al.®” found that a commercially available triaxial
accelerometer (EW4800P; Panasonic Corporation) had rela-
tively high accuracy for measuring PA in elderly Japanese
subjects.

The objective of the present study was to evaluate the
accuracy of EWA4800P triaxial accelerometry for measuring
PA in Japanese adolescents. This was achieved by comparing
EW4800P data with PA measured by the DLW method.

Experimental methods
Participants

Subjects were recruited from one junior high school in Kana-
gawa Prefecture, near the Tokyo metropolitan area of Japan.
Information on the study was sent to all students (n 300),
and the purpose, methods and risks of the study were
explained to students and their parents. No exclusion criteria
were used in the recruitment of the subjects. A total of
eighty students and their parents submitted written informed
consent. Due to incorrect urine sampling, two subjects (one
boy and one girl) were not included in the calculation of
TEE by the DLW method. In addition, one subject was
excluded, as she had a fever during the experiment. The
periods when the accelerometer device was not worn were
assessed from the accelerometer data and records kept by
the students when the device was attached or removed.
Valid days were defined as a non-wear time of less than five
waking hours/d. In order for data to be used in the study,
subjects had to wear the accelerometer for more than four
weekdays and one weekend day. Of the subjects, nineteen
were excluded because of faulty accelerometry data (for the
two subjects described above, TEE data measured by both
DLW and accelerometry were faulty). The remaining sixty
subjects were included in the final analysis of the present
study. The study was conducted according to the guidelines
of the Declaration of Helsinki, and all procedures involving
human subjects were approved by the Ethics Committee of
Yokohama National University (three of the authors attended
this university when the study was conducted).

Study schedule

Before the study period, anthropometric measurements, base-
line urine sampling, dietary assessment and measurement of
RMR (RMR,,) were performed. TEE was then measured over
1 week by the DLW method (TEEppy), with simultaneous col-
lection of triaxial accelerometer data and completion of a
simple PA record. The measurements were carried out from
September 2006 to January 2007 depending on each student’s
schedule. Long vacations and periods of unusual PA, such as
examination periods and special school events, were excluded
from the experimental period.

Doubly labelled water method

After providing a baseline urine sample, a single dose of
approximately 0-06g/kg body weight *H,O (99-8 atom%;
Cambridge Isotope Laboratories) and 1-4g/kg body weight
H, %0 (10-0 atom%; Taiyo Nippon Sanso), was administered
orally to each subject. Subjects were then asked to collect
urine samples immediately after arriving at school at the
same time every morning over 1 week. On Saturday and
Sunday, subjects collected urine samples at home at the
same time as on school days. All samples were stored frozen
at —30°C in airtight parafilm-wrapped containers until analysis
in our laboratory.

Gas samples for the isotope ratio mass spectrometer were
prepared by equilibration of the urine sample with a gas.
The gas used for equilibration of 80 was CO, and H, was
used for *H equilibration. A Pt catalyst (R1091830; Thermo
Electron Corporation) was also used for the equilibration of
*H. The urine samples were analysed in a2 DELTA Plus isotope
ratio mass spectrometer (Thermo Electron Corporation). Each
sample and the corresponding reference sample were ana-
lysed in duplicate. Throughout the analysis, average standard
deviations were 05 %o for H and 003 %o for 0.

The H and '®0 zero-time intercepts and elimination rates
(ky and ko) were calculated using least-squares linear
regression of the natural logarithm of isotope concentration
as a function of the time elapsed since dose administration.
Zero-time intercepts were used to determine isotope pool
sizes. The total body water was calculated as the mean
value of the isotope pool size of *H (Ny divided by 1-041
and that of 0 (V,) divided by 1-007. In the present study,
Ny/N, was 1:021 (sp 0-012) (range 1-000-1-055), which is
within the recommended range for high-quality analysis®®.
The rate of CO, production (rco2) was calculated as:

rco, = 0-4554 X TBW X (1-007k, — 1-041%y),

where TBW is the total body water, and we assumed that iso-
tope fractionation applied to both breath and transdermal
water using equation (A6) from Schoeller et al.*? with the
revised dilution space constant of Racette et al.*?. Calculation
of TEEpnw (kJ/d) was performed using a modification of
Weir's formula based on the rco, and mean food quotient of
the subjects in the study™>®. The food quotient was calcu-
lated based on dietary data from a brief self-administered diet-
ary history questionnaire for junior high and high school
students”®. The intake of protein, fat and carbohydrate
assessed from this questionnaire correlated with data obtained
from dietary records, with Pearson’s correlation coefficients
ranging from 0-38 to 0-68""®. The mean food quotient of sub-
jects in the present study was 0-87 (sp 0-02), which is very
similar to the values of 0-87 (sp 0-03) for Japanese adults®?”
and 0-86 (sp 0-04) for elderly Japanese subjects®. TEEpiw
was expressed as mean TEEppw per d over the study period.
However, we did not adjust TEEppw for the time at which
the accelerometer was not worn, as the non-wear time was
minimal in all the study subjects. PA energy expenditure
(PAEE) was calculated as (TEEppw X 09 — RMR) using both
RMR;, (PAEEprwn) and predicted RMR (RMR,, PAEEpiwyp),
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assuming that dietary-induced thermogenesis accounted for
10% of TEEppw. PAL was calculated as TEEp;y divided
by RMRy, or RMR;, (PALpywm, PALprwp). Fat-free mass was cal-
culated as the proportion of water in fat-free mass and was
determined to be 74:5% for boys and 755 % for girls®®.

Triaxial accelerometry

A triaxial accelerometer (EW4800P; Panasonic Corporation)
was secured at the waist by a rubber belt throughout the
period of DLW measurements. Details on the accelerometer
and its accuracy in elderly Japanese have been reported in a
study by Yamada et al®. The accelerometer measures
60 X 35 X 13mm and weighs 24g. It has a linear frequency
response with a low-pass filter, and samples acceleration at
20Hz with a range from zero to two times the acceleration
of gravity. The device stores the standard deviation of the
vector norm of the composite acceleration (Km) in three
dimensions each minute as follows:

5| (S s 14)

e )]

where # is the number of data for 1 min (n 1200), and 3x, 3,
and 3z are the sums of the acceleration in three directions
over 1min. Data were not rounded off for storage of Km.
Subjects were asked to wear the accelerometer for the
whole day except when sleeping, bathing or swimming. If
subjects took the accelerometer off due to difficulty in wearing
it during contact sports, or if they forgot to attach it, they were
asked to record the time of removal and the duration and

Km =

Table 1. Anthropometric characteristics of the study subjects
(Mean values and standard deviations)
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type of PA carried out while not wearing the accelerometer.
A commercially available accelerometry software (EW48001;
Panasonic Corporation) was used to calculate the total
energy expenditure measured by the accelerometer using
RMR, (TEEsccp), walking steps and duration of light PA
(less than 3 metabolic equivalents), moderate PA (3—6 meta-
bolic equivalents) and vigorous PA (6 metabolic equivalents
or more). The metabolic equivalent intensity levels of physical
activities were calculated using the simple linear regression of
Km and O, consumption™®. MVPA was calculated as the sum
of moderate PA and vigorous PA. The commercially available
software incorporated RMR,, calculated using standard values
to calculate TEEcc, that were obtained for the Japanese
population from the dietary reference intake in Japan®@®.
PAEE assessed by accelerometry (PAEEsccy) was calculated
as TEExccp X 09 — RMRy,. PALsccp Was calculated as TEEccp/
RMR;. In the present study, we also calculated each value
using raw accelerometry data and RMR, by the same
equations used in the commercially available software
(TEEacems PAEEacem and PALsccm).

RMR

Before the study period, subjects were asked to come to
school at 08.00 hours after an overnight fast. After 30 min of
rest, RMR,, was measured using an indirect calorimeter with
a hood (AR-1; Arco System) at an environmental temperature
between 22 and 25°C. This system involved a steady state
being established 3 min after the starting of collecting respirat-
ory gas, with the accuracy of RMR measured by this system
being 0:02%“?. Subjects were placed under a transparent
plastic hood that covered their heads and that was connected
to the system. After the child had adapted to the hood for
Smin, RMR was measured for 20min. O, consumption
and CO, production were measured at 1min intervals and
averaged over 6-20min. Resting status was confirmed by
measuring the body temperature and the heart rate.

TEEpLw RMRm
Age (years) Height (cm) Weight (kg) Body fat (%) (MJ/d) (MJ/d) PALpLwm
n Mean sD Mean sD Mean sb Mean sD Mean sD Mean sD Mean sD

Grade 1

Boys 12 12.7 0.7 158-3 107 481 10-7 226 6-1 11-9 2.9 5.9 1.0 1.98 0-26

Girls 7 12-1 0.4 152.9 75 40-6 84 24-6 69 91 1-3 4.8 05 1.93 0.29
Grade 2 )

Boys 10 136 0.5 164-1 91 51.7 6.0 133 9.3 138 21 6.6 0-9 210 0-31

Girls 12 135 05 155.0 4.5 43.4 36 23.5 2.5 91 14 5.1 0-4 1.78 0-23
Grade 3

Boys 10 146 0-8 163-3 9.4 52-4 4.4 170 4.4 1.7 1.9 6-4 05 1.83 0.32

Girls ’ 9 140 0-0 156-1 5.9 46-1 4.5 24.9 4.6 9-8 2.0 5-2 0.3 1.87 0-32
P

Grade 0-003 0-098 0.027 0-331 0.037 0-472

Sex <0-001 <0-001 <0.-001 <0-001 <0-001 0-142

Grade X sex 0-708 0-900 0-096 0-111 0.777 0-115

TEEpLw, total energy expenditure measured by the doubly labelled water method; RMR,, measured RMR; PALp wm, physical activity level measured by the doubly labelled

water method.



