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ORIGINAL ARTICLE

Interindividual variability in sleeping metabolic rate
in Japanese subjects

AA Ganpule'?, S Tanaka®’, K Ishikawa-Takata' and I Tabata®

*Health Promotion and Exercise Program, National Institute of Health and Nutrition, 1-23-1 Toyama, Shinjuku-ku, Tokyo, Japan and
2Diabetes Unit, KEM Hospital and Research Centre, Pune, Maharashtra, India

Introduction: Basal metabolic rate (BMR) or sleeping metabolic rate (SMR) is the largest component of total energy expenditure
(EE). An accurate prediction of BMR or SMR is needed to accurately predict total EE or physical activity EE for each individual.
However, large variability in BMR and SMR has been reported.

Objectives: This study was designed to develop prediction equations using body size measurements for the estimation of both
SMR and BMR and to compare the prediction errors with those in previous reports.

Methods: We measured body size, height, weight and body composition (fat mass and fat-free mass) from skinfold thickness in
aduit Japanese men (n=71) and women (n=66). SMR was determined as the sum of EE during 8 h of sleep (SMR-8h) and
minimum EE during 3 consecutive hours of sleep (SMR-3h) measured using two open-circuit indirect human calorimeters. BMR
was determined using a human calorimeter or a mask and Douglas bag.

Resuits: The study population ranged widely in age. The SMR/BMR ratio was 1.01+0.09 (range 0.82-1.42) for SMR-8h and
0.94+0.07 (range 0.77-1.23) for SMR-3h. The prediction equations for SMR accounted for a 3—5% larger variance with 2-3%
smaller standard error of estimate (SEE) than the prediction equations for BMR.

Discussion: SMR can be predicted more accurately than previously reported, which indicates that SMR interindividual variability
is smaller than expected, at least for Japanese subjects. The prediction equations for SMR are preferable to those for BMR
because the former exhibits a smaller prediction error than the latter.
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Introduction

There are three principal components of energy expenditure
(EE) in humans: basal metabolic rate (BMR), thermic effect of
food and EE of physical activity. The FAO/WHO/UNU expert
panel (1985) adopted the principle of expressing the energy
requirements of adults in terms of multiples of BMR. Thus,
BMR is used to estimate 24-h EE and physical activity level
(24-h EE divided by BMR).

Sleeping metabolic rate (SMR), similar to BMR, is approxi-
mately 60% of the total EE. Although both are measured in
the supine position, SMR is measured during sleep whereas
BMR is measured in the postabsorptive state when the
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subject is awake. They thus involve slightly different
thermogenic processes. EE is lower during sleep than under
BMR conditions (Garby et al., 1987; Goldberg et al., 1988;
Seale and Conway, 1999; Zhang et al., 2002), probably due
to the absence of arousal and maybe to less body move-
ment. Moreover, EE gradually increases after awakening
(Kashiwazaki, 1990). Therefore, SMR, not BMR, should be
the minimum EE for humans. SMR may be measured more
accurately than BMR as it is measured during sleep when
there is no arousal. Also, SMR can be measured using
equipment (e.g., a human calorimeter) that gives highly
reproducible and accurate results (Murgatroyd et al., 1993).

Many equations have been developed to estimate BMR or
SMR from body size measurements (Cunningham, 1991;
Frankenfield et al., 2005), which can be helpful when actual
metabolic measurements are not available. Their accuracy
and applicability to specific ethnic groups must be consi-
dered. The body size of Japanese differs from that of other
ethnicities (Popkin and Doak, 1998; WHO, 1998). Most
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equations currently available apply to Caucasians (Franken-
field et al., 2005). Studies have found that they are not
applicable to nonwhite groups (Liu et al., 1995; Case et al.,
1997; Yamamura and Kashiwazaki, 2002).

We studied the association of SMR and BMR with body
size and composition (anthropometry) in adult Japanese
men and women who ranged widely in age. The purpose of
this study was to develop simple-to-use prediction equations
for both SMR and BMR and to compare the variability in
prediction errors after adjustment for body size and compo-
sition with those found in previous studies.

Methods

Subjects

The data used for the current analysis were collected from
different experimental studies that followed a similar
methodology. All 137 apparently healthy Japanese subjects
(71 male and 66 fernale subjects; >20 years) residing in the
Tokyo metropolitan area were volunteers approached
through personal contact, internet communication or poster
advertisement. None had diseases that might affect meta-
bolic rates. The study protocol was explained in advance to
the subjects, who were instructed to eat a normal diet and do
normal, but not vigorous, physical activity beginning 1 day
before monitoring.

All studies were carried out in the National Institute of
Health and Nutrition (Tokyo). The study protocol was
approved by the Ethics Committee of the National Institute
of Health and Nutrition. All of the subjects signed an
informed consent form.

Study protocol

The indirect human calorimeter (IHC) data for SMR and
BMR were obtained from several studies conducted at the
National Institute of Health and Nutrition in Japan. Subjects
entered the IHC at 1800-1900 on the study day, had dinner
at 1830 or 1900, went to bed at 2300 after sedentary activities
and slept until 0700 the following morning. Each subject
was provided a standardized dinner to meet EE during the
chamber stay using predicted BMR and an assumed physical
activity level of 1.5. Energy intake at dinner was set as a third
of the total energy. BMR was measured in the supine position
and in the postabsorptive state (about 12h after the last
meal).

Measurements

SMR was defined as the average EE of all EEs at 15-min
intervals between 2300 and 0700 over an 8 h of sleep (SMR-
8h) and the minimum EE during 3 consecutive hours of
sleep (SMR-3h) (Schrauwen et al., 1997; Westerterp-Planten-
ga et al., 2002). Two open-circuit IHCs were used to evaluate
SMR. Details of the IHC are shown elsewhere (Futami et al.,
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2003). In brief, the two respiratory chambers were airtight
rooms (20000 and 150001, respectively) containing a bed,
desk, chair, TV, etc. The temperature and relative humidity
in the room were controlled at 25°C and 55%, respectively.
The Oz and CO, concentrations of the air supply and
exhaust were measured by mass spectrometry. For each
experiment, a gas analyser (ARCO SYSTEM Inc., ARCO-
1000A-CH, Kashiwa, Japan) was initially calibrated using a
certified gas mixture and atmospheric air. The flow rate
exhausted from the chamber was measured by a pneumo-
tachograph (ARCO SYSTEM Inc., FLB1, Kashiwa, Japan). The
flow meter was calibrated before each measurement, and the
flow rate was fixed in both chambers. VO, and VCO, were
determined from the flow rate exhausted from the chamber
and the concentrations of the inlet and outlet air of the
chamber, respectively (Futami et al., 2003). The values of
VO, and VCO, were expressed under standard temperature,
pressure and dry air conditions. EE was estimated from VO,
and VCO; using Weir's equation (Weir, 1949). The accuracy
and precision of the IHC for measuring EE, as evaluated by
the alcohol combustion test, were 99.2+0.7% in 6h and
99.2+3.0% in 30 min, respectively.

BMR was determined in the postabsorptive state (12h or
more after the last meal) and in a supine position. The
measurement was performed using a human calorimeter
from 0715 to 0800, or using a mask and Douglas bag for
20 min with a minute of intermission. The detailed protocol
is described in Yamamura et al. (2003). To examine whether
slightly different conditions caused a significant difference
in the observed BMR, analysis of covariance with BMR as
the dependent variable and gender, age, stature and body
weight as covariates was employed. No significant effect of
the measurement conditions was observed.

Anthropometric measurements. Body weight was measured to
the nearest 0.1kg and height to the nearest 0.1 cm using a
stadiometer. Measurements were performed in light clothing
and underwear. The light clothing was weighed and
subtracted from the total to obtain body weight with
minimal clothing (underwear). Triceps, subscapular and
umbilicus skinfold thicknesses were measured by two trained
observers using a standardized protocol and a Holtain
caliper (Holtain Ltd, Crosswell, Crymych, Dyfed, UK). There
were no significant inter-observer differences in any of the
measurements. BMI was calculated as weight (kg)/height
(m?).

Tahara’s equations (2002) for Japanese adults were used to
predict body density from the sum of skinfold thickness
measurements, and the Brozek equation (1963) was used to
estimate body fat percentage (% FAT) from the predicted
body density.

Statistics. Results are presented as the mean+standard
deviation (s.d.). The relationship between SMR, BMR and
body size and composition measurements was examined
using Pearson’s correlation. Age and sex were adjusted for in



partial correlation analysis. Stepwise multiple regression
analysis was done to examine the predictors of metabolic
rate. Statistical significance was set at P<0.05 for all
predictors. Gender was treated as a binomial variable (0 for
male subjects, 1 for female subjects). The % difference in
prediction error was calculated as the residual divided by the
measured value for each subject. Statistical analyses were
performed using SPSS for Windows (version 11.0; SPSS Inc.,
Chicago, IL, USA). Statistical significance was set at P< 0.05.

Results

The study population consisted of adult Japanese men
(n=71) and women (n= 66) of a wide range of ages (Table 1).
The average height and weight of subjects in each age and
gender group were similar to national standard heights and
weights (The National Nutrition Survey in Japan, 2002).
Although the age range was wide, variability in body size and
composition was small.

BMR and SMR were highly correlated (Figure 1). The SMR/
BMR ratio was 1.01+0.09 (range 0.82-1.42) for SMR-8h and
0.94+0.07 (range 0.77-1.23) for SMR-3h, which was not
gender sensitive. On the other hand, the ratios (SMR-8h/
BMR and SMR-3h/BMR) were weakly correlated with age
(r=0.38 and 0.36, respectively). SMR-3h was significantly
lower than SMR-8h and BMR, whereas SMR-8h was not
significantly different from BMR. In most cases, SMR-3h was
observed during the latter part of the sleep cycle (2300~
0700), around 0300-0600. The phase of the menstrual cycle
did not affect BMR and SMR in women (data not shown).

Metabolic rate was strongly correlated with body size and
body composition irrespective of age and gender. Metabolic
rate was positively correlated with body weight (r=0.83,
0.85 and 0.79 for SMR-8h, SMR-3h and BMR, respectively).
The strongest correlation of metabolic rate was with fat-free
mass (r=0.85, 0.87 and 0.79, for SMR-8h, SMR-3h and BMR,
respectively) after adjustment for age and gender.

Table 1 Basic characteristics, body size, composition and metabolic
rates

Males (71) Females (66)

Mean-+s.d. Mean+s.d.
Age (years) 36+16 37+16
Stature (crm) 170.5+7.1 159.14+5.6
Weight (kg) 68.34+11.5 54.0+9.2
BMI (kg/m?) 23.4+3.1 21.4+3.3
Fat mass (kg) 12.9+6.4 14.2+5.2
Fat-free mass (kg) 55.3+7.4 39.845.1
SMR-8h (M}/day) 6.376+0.749 4.929+0.607
SMR-3h (M}/day) 5.954+0.736 4.55240.548
BMR (M}/day) 6.368+0.916 4.837+0.569

Abbreviations: BMI, body mass index; BMR, basal metabolic rate; s.d,
standard deviation; SMR, sleeping metabolic rate.
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Figure 1 Relationship between SMR and BMR. Regression lines
between SMR-8h (dashed line) or SMR-3h (straight line) and BMR.

Table 2 Stepwise regression of BMR, SMR-8h and SMR-3h with body
size measurements

Un std coefficients Change SEE
in % R (Mj/day)

Outcome Predictors

B Standard error

SMR-8h  Constant 1.2142 1.1912
Weight 0.0498*** 0.0038 75.9 0.494
Gender —0.5590*** 0.0967 8.2 0.402
Stature 0.0146* 0.0071 1.1 0.389
Age —0.0046* 0.0021 0.4 0.385
Total 85.6

SMR-3h  Constant 0.1004 1.0439 0.000
Weight 0.0469*** 0.0033 74.9 0.456
Gender —0.4925%** 0.0845 9.6 0.368
Stature 0.0197* 0.0063 2.5 0.343
Age —0.0050** 0.0021 0.8 0.339
Total 87.8

BMR (Constant)  0.1238 1.4054 0.000
Weight 0.0481*** 0.0046 65.4 0.619
Stature 0.0234* 0.0084 11.8 0.510
Age —0.07138*** 0.0025 2.9 0.485
Gender —0.5473*** 0.1138 3.3 0.448
Total 83.4

Abbreviations: BMR, basal metabolic rate; SMR, sleeping metabolic rate; SEE,
standard error of estimate; Un std coefficients, unstandardized coefficients.
*P<0.05; *P<0.01; **P<0.001.

A stepwise multiple regression analysis of predictors of
metabolic rate (including height, weight, age and gender)
revealed that weight was the strongest predictor of metabolic
rate (Table 2). Age, gender and height were additional
predictors. These models accounted for 85.6% of the
variance in SMR-8h (prediction error 6.7%) and 87.8% of
the variance in SMR-3h (prediction error 6.2%). Adjustment
for the predictors reduced the variance from 0.996 MJ/day to
0.385 MJ/day (238-92kcal/day) in SMR-8h and 0.958-
0.339 MJ/day (229-81 kcal/day) in SMR-3h. Adjustment for
all predictors accounted for 83.4% of the variance in BMR

w
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Table 3 Stepwise regression of BMR, SMR-8h and SMR-3h with body
compaosition measurements

Qutcome Predictors Un std coefficients Change  SEE

in 9 RZ (MJ/day)

8 Standard error
SMR-8h  Constant 1.8175 0.3678
Fat-free mass  0.08712*** 0.0054 86.3 0.368
Fat mass 0.0213*** 0.0067 0.9 0.360
Gender -0.2125* 0.1063 0.4 0.356
87.6
SMR-3h  Constant 0.8878 0.1372
Fat-free mass  0.0874*** 0.0029 88.3 0.331
Fat mass 0.0151** 0.0046 0.8 0.318
89.1
BMR Constant 2.3958 0.5602
Fat-free mass  0.0787*** 0.0079 82.2 0.460
Age ~0.0109*** 0.0029 0.6 0.452
Fat mass 0.0268** 0.0088 0.5 0.448
Gender ~0.3314* 0.1477 0.6 0.439
84.0

Abbreviations: BMR, basal metabolic rate; SMR, sleeping metabolic rate; SEE,
standard error of estimate; Un std coefficients, unstandardized coefficients.
*P<0.05; *P<0.01; ***P<0.001.

(prediction error 7.3%) and reduced the variance from
1.084 MJ/day to 0.448 MJ/day (259-107 kcal/day).

Fat-free mass was the strongest predictor of metabolic rate
in stepwise multiple regression analysis using metabolic rate
as the independent variable and fat mass, fat-free mass, age
and gender as the dependent variables (Table 3). Fat-free
mass, fat mass and gender accounted for 86.7% of the total
variation in SMR-8h (difference for prediction error 6.2%).
Adjustment for the predictors reduced variance in SMR-8h
from 0.996M]J/day to 0.356 MJ/day (238-85kcal/day). For
SMR-3h, fat-free mass and fat mass accounted for 89.1%
of the variation (difference in prediction error 5.9%) and
adjustment for the predictors reduced variance in SMR-3h
from 0.958 to 0.318 MJ/day (229-76kcal/day). Adjustment
for fat-free mass, fat mass, age and gender predicted 84.0%
of the variance in BMR (difference in prediction error 7.6%)
and reduced the variance from 1.084 MJ/day to 0.439 MJ/day
(259105 kcal/day).

The mean difference between predicted BMR using
FAO/WHO/UNU equations and observed BMR was
+0.519+0.494 MJ/day (+0.565+0.556Mj/day for male
subjects and +0.469+0.414 MJ/day for female subjects).

Discussion

This study was performed to develop predictive equations for
SMR-3h and SMR-8h that predict SMR with much lower
prediction errors than previously reported (Tataranni and
Ravussin, 1995; Weyer et al., 1999; Nielsen et al., 2000;
Henry, 2005). The findings indicate that interindividual
variability in SMR after adjustment for body size or body
composition is much smaller than expected, at least in
healthy Japanese adults.
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BMR and SMR are measured in a similar manner, but BMR
is slightly larger as SMR is measured only in part during sleep
(SMR/BMR, 0.88-0.95) (Garby et al., 1987, Goldberg et al.,
1988; Seale and Conway, 1999; Zhang et al., 2002; Kumahara
et al., 2004). The SMR-3h/BMR ratio in this study was in good
agreement with those previous values, whereas SMR-8h was
found to be slightly higher than the BMR. In the first hour of
sleep, the metabolic rate was higher than BMR by an average
of 20%, probably due to sleeping status and diet-induced
thermogenesis. In addition, the metabolic rate during
periods when body movements were observed using a radar
systemn was excluded from the SMR calculation in some of
the previous studies. Thus, evaluation methods appear to
affect the slight discrepancy of the ratio between studies.
BMR is measured in the morning hours when heat produc-
tion increases after awakening (Garby et al., 1987) and causes
gradual increases in resting EE (Kashiwazaki, 1990). BMR and
SMR (although measured in a similar manner) thus might
represent different thermogenic processes.

Metabolic rates can be predicted using equations that
involve body size and composition measurements. Many
prediction equations are available for estimating metabolic
rates, but their applicability to other ethnic groups is
uncertain (Hayter and Henry 1993; Frankenfield et al.,
2005). In the present study, FAG/WHO/UNU equations
overestimated BMR by more than 0.45MJ/day on average,
with a prediction error comparable to previously published
reports.

We developed two types of equations using stepwise
regression to predict metabolic rates in adult Japanese
subjects ranging widely in age. The first equation uses
weight and height, which are simple body size measure-
ments that can be easily obtained in clinical as well as
epidemiological settings. In this equation, body weight
accounted for 65-75% of the variation in metabolic rates.
Age, gender and height were additional predictors. The
second equation uses fat-free mass, which is a more valid
predictor than body mass of resting metabolic rate (RMR)
because it is associated with a much higher rate of resting EE
(Elia, 1992). Sophisticated methods can be used to provide
more insight into the metabolically active components of
fat-free mass, such as the liver, heart and kidney, in relation
to energy metabolism (Muller et al., 2002), but their
applicability to epidemiological studies is restricted. Anthro-
pometry, a relatively simpler technique used to predict RMR,
has an accuracy rate similar to that of more complicated
techniques (Van der Ploeg et al., 2001). In our equations, fat-
free mass (measured using skinfold thickness) accounted
for 84—-89% of the variation in SMR, which is better than
previously reported (Ravussin et al., 1990; Toubro et al., 1996;
Weyer et al., 1999). In addition, results for the BMR
equations are in good agreement with those of others
(Cunningham, 1991; Ravussin and Bogardus, 1989; Tatar-
anni and Ravussin, 1995). After fat-free mass, fat mass
predicted metabolic rate, but accounted for less than 1% of
variation in SMR. The relationship of age and gender with



metabolic rates disappeared after adjustment for fat mass and
fat-free mass, except for SMR-8h. Similar results have been
reported showing that the effect of age and gender on
metabolic rates is mainly due to fat-free mass (Ravussin et al.,
1986; Astrup et al., 1990; Cunningham, 1991; Nelson et al.,
1992) and fat mass (Dionne et al., 1999).

Relatively smaller variations in body size and composition
are observed in Japanese than in Caucasians or African
Americans. Although the subjects varied widely in age
(20—-50 years), the variance (s.d.) in their weights were
11.5kg (male subjects) and 9.2kg (female subjects). These
variations were much lower than reported in other studies.
For example, although Weyer et al. (1999) worked with
subjects with a smaller age range than in this study, the s.d.
values of their weights were 25.9kg (male subjects) and
26.3kg (female subjects). A larger percentage of explained
variance in metabolic rate calculated from an equation can
be due to large variance in the body size of the study
subjects. The percentage of explained variance thus does not
necessarily indicate better prediction. Therefore, the two
measures used to compare prediction errors were standard
error of estimate (SEE) and percentage difference in the
residuals. The SEE of both equations was lower than that
reported by other studies, even those using sophisticated
techniques.

The smaller prediction error indicates that variation in
minimum metabolic rate (measured as SMR or BMR after
adjusting for body size or composition) may be smaller than
previously indicated. In general, the reported interindividual
CV is about 8-13% (Shetty et al., 1996, Muller et al., 2004).
For our SMR equations, the SEE was much lower than the SEE
reported by Weyer et al. (1999), which was based on fat-free
mass measured using sophisticated methods. In Weyer’s
equation, age, impaired glucose tolerance and waist-to-thigh
ratio were additional predictors. In the equation, the SEE was
0.611MJj/day (146kcal/day) and fat-free mass accounted
for 0.808 MJ/day (193 kcal/day) of the total 1.347 MJ/day
(322 kcal/day) variance. Similarly, the new Oxford equations
(Henry, 2005) for prediction of BMR in tropical regions have
reported an SEE of 0.5-0.7 MJ/day in age group and gender-
specific equations, which is higher than our SMR equations.
Tataranni and Ravussin (1995) also reported a higher SEE
(0.703 MJ/day (168kcal/day)) in BMR prediction equations,
with fat-free mass accounting for 0.268 MJ/day (64 kcal/day)
of the total 1.318 MJ/day (315 kcal/day) variance. A similarly
high SEE of 0.753MJ/day (180kcal/day) in men and
0.628 Mj/day (150kcal/day) in women was reported by
Nielsen ef al. (2000), who developed equations that used
dual-energy X-ray absorptiometry (DXA) measurements of
fat-free mass. Bader ef al. (2005) reported that s.d. of BMR
adjusted for fat-free mass was from 0.81 to 0.92 MJ/day. Thus,
most researchers have indicated larger interindividual varia-
bility in SMR or BMR compared to the SEE in the present
study, particularly for SMR. Although the reasons are
unclear, ethnicity may be an explanation. In addition,
measurement of SMR using a human calorimeter is very
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accurate, particularly prolonged measurements (99.2+0.7%
in 6h), and may have contributed to the lower prediction
error in our study.

One of the limitations of the present study was that a
different method was used for measurement of BMR. This
might partially explain why the SEE was greater for the
BMR equation than the SMR equation. However, the study
by Soares et al. (1989) showed that the energy outputs were
comparable using different methods (e.g., whole-body
indirect calorimetry) to measure metabolic rates. In the
present study, the method used for measurement of BMR
was also found to have no statistically significant effect on
the metabolic rates and s.d. values for the difference between
different BMR measurement groups were within 1%. An-
other limitation was the method of determining body
composition using skinfold thicknesses. More sophisticated
measures of body composition would have produced better
results.

In conclusion, our equations, which use body size and
body composition, are useful for estimating metabolic rates
in the Japanese population. The prediction error of SMR was
smaller than reported for BMR or SMR, which indicates small
interindividual variability in SMR after adjustment for body
size or body composition. When metabolic rates are needed
to estimate 24h EE or physical activity level, prediction
equations of SMR (or, if necessary, the SMR/BMR ratio)
should be used rather than BMR because SMR correlates very
well with BMR and the SMR/BMR ratio is fairly constant.
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EVALUATION OF TOTAL ENERGY EXPENDITURE USING
INDIRECT CALORIMETRY

SHIGEHO TANAKA

B, TANVF—HBELXHEET HDIZ, w{D
POFEPFIHSN TS, LeL, Bz T1HY
) DT ANF—HEE, (total energy expendi-
ture : TEE)IZDWTIX, 4T L b FN5DFEEE
PREETSICBIRLTER SN T2 DT Tld %
WEHTHE. £IT, XETIE, BEECES
{ TEE QHFE - #EEEIZDWTHRS.

I. EEREEEE

A. EBEEE

HESNIZANF QB E Lo TR ENE T
O, FoHBEBFEEINT IV, RENZEEED
HEH# % T 5 Atwater-Rosa-Benedict human
calorimeter D5, BEZEANDHEBEEVRE T 5
B, ENICEIDO CHENLEZ RN LKDEE
PORIET S, /2, ENTRELKEREDLNS
IREFEDOKRERDOTALR T BET A L L b, FiE
DEADEELT, TAVF—HEEZAET .

DX, BEIRFENY T, FHABELEE
ENED, BREIZIZEALFEHESL TR,

B. fEEx

IANF—ZERHTE, BEU»S L)AL
ERVBILRLOEE)L, B bREFELET
B, INSDERICETNT, BEEERE L T
CIRZEEE, BLIURFEZENEHRIZESLA
X, 2 DHE 1 EBEPFNLUTOBEET, T4
LE-EBEEIEETELY . BT, Bb L
FI S5 Weir? o, DTOEY) Th 5.

EE (kcal) =3.941 X B ERE +1.106 X Z 1L
REREEE -2 ITXRBEZHEE

I, ZRRERDI DL, BRI ANVF 125D
LA BEDEIEREBENEEL TS, #2
T, ZAEKEDED 28 E4%12.5% L IRET S
&, D Weir DRUILLTFD L 5 12% 5.

EE (kcal) =3.9XBEENE+ 1. IX _BILREE
EEE

TRAELBEDED BEIED20% 5 KE (LS X
) BBIRIAR O TZEETH o2 h, BMLVEFFIZ
BRELZD LT, RPERFEEEZZE L2
WZEIZEBEEDEEIL L BERWTHY, S
G THHSICERICHET A2 ENTES.
MEER, EEELERTHEEICERTE S RIT,
AVDNEMEEIZEDTWTE D, EiEEICL 28
FEFEEICLIL~EHTAE. L2d, TAVF—FEE
DFHELNTERETHAH. Lzd>T, Lobhbhe L
LSS HBIThNADTHNIE, FFFEICEEIOHF
RL2FETHA.

I. TEE ® A R

TEE DBBREROEZEENZEEGR FOEEHIZD
WT, R1IZE LD/, fEIX, KAE 60kg BE®D,
TEMNGZHAAOERZD LIZKELLDOTH
5.

EFEMEE (basal metabolic rate : BMR) 1%, —#
\Z TEE DT, R RELERESTH A, Eit

(3 BN HERE - SKEWISEET ®EENE 7O 5 4 National Institute of Health and Nutrition, Health Promotion and

(ZANVF—RHFTTV s P —F—)
T162-8636 HEARFEX A L1-23-1

Exercise Program, Project for Energy Metabolism (Project Leader)
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5% Bl

BAZE
(%)  (kealVBH)

s &

ERABE 60 +100  EISEREVAN, BETEBELE
RE

BEGREHS 10 * 50 B&EILEEEL/NIOLA. BEH

BEE HARRENKEN

EH) 0~10 + 50~ BARATE2BHLULIOEZ =M
100 LTW3EIE30%5

EBHFLSADE 20~30 =200~ PALOKZLHEAEZEQ4~22D)%

KEE 300 H£LAHFELER

HiEIE, BENREEOAERNRAR-VEFEIROIETE, BBLZO
HEEE EAZR, BEREDLVIIEEDOBERED L ORE

Bz HERNICBIT 5 FEKIEE L~ (physical activ-
ity level : PAL=8IZ 3V F—HEHE-BMR) &
ILBRELEZLNTVWEYDT, BET2 L,
BMR (X TEE D#j60% 5 (=1 +1.75) &% 5. L
L, - EHPEELREDS BMR 2HEET A
&, BEBCAVSRTWIEERXTHY, AEXD
EBRHEEETDY, BESEIB LI L8~
LBREETHL. BREHED 2 VWIIEEEEE,S
WETEDHEEE, TICHETBEINE L RDY,
L7=%52> T, BMR &, TEE IZ259 5 E4RHHIC
L AEERIETRENL 0D, FEFHRTINE, BA
ERFNEFEREVDLOTERVWEEZONS.
BEFEUARELEICIOVWTIE, CNFTOME
\2& 5 &, TEE OHI0BIRE L, MBS,
F072%, BAROEENREII20%EEE KEL
BEFREZNTRE L0, TEE i, #
MENTN S REEIC LA ROV EEZI LD,
EEIOWTIE, FIEFTEREFEELZ DI
Yo, EFKELEL L. ERER - #EREY
kB E, EFOEZEITREN TV ENWIOD, 1
E305-LE, B2 RBLE, 1FEUEOEHFREITT
VB NDEIEPEEDI0% Iz, Thbb,
T0%LLEDANE, EFEBEZFL ARV I LR
. —F, B2HUEEELTWBEATY, EEIL
TOWZRWHSBIZEEH 23T THE. 7, EF)
LTWBHRIZDWTEZ %L, FIZIEEEDEE,
LEEED D OMIIT RN F—1%, 3058 T 100 keal
55, 1B T 200kecal 5§ THB. Lo T,
TEE 25O 5 EEDE AL, EELTWBEHETE

Z10%LTF, ZL DBAEETS%UTTHELEZDS
ns.
FHE0%FEED BMR & #10% DEEFHMEMREL
EE, BLXULZDHE0~10%BELEZLNS
EEI R R WAZFE D 20~30% 1, BB O BEES
(nonexercise activity thermogenesis : NEAT) T&
219 NEAT i, £E0EEEEPINEED)
R, Tk - HEREORE, BWY - BEL LIS
T AET, BAEL COKBES, AEPIIBITS
T OB &, K~ FiEE % P ICR A 2IEEDS
EEnb. Lol, gz LTnwiwvAzdie L
o DOEFTYH, PAL DEEREIZ0.2FHZ 3
(~0.3). ZOfEZ, EEFRUERARELERLEEOD
BABEE, BLUHEREOZELZTITLY, &
Wl Rz EEEZ B E, FICNEATILESH DT
hrrE2bN5. BEMNLRAKELFEHLT
BMR=1400kcal/ H) TH ¥, +£200~300kcal iZ
T,

L7272%> T, TEE Z EMEICHE T 570D,
BMR DOl - #EIZHIIZ, NEAT 2\ Z5HlT
B0, FEIIRELMELRA.

I. 1EDIRNT—HEEDHTEE

HEEEOGE, YAZ2EEL, ¥/ AT
FRgETRONHNEREZFERA L THETS
5. LHL, EFEFzECV 0o 0REDEER
AUMETHL. T2, PRECRLEOEMERZ S
h, RO HREESSHRINS. LoH
->T, EREERL THET S I Lid, HEMITE
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RERETH 5.

1HHA2WEFNL EOEBERMICHI-b 2
FIEBEYHEETHIZIE, UT0Ld L FESD
5.

1) A VF—REEES

2) "EEHOKE

3) LREE

4) INEEEEHE

5) AEEEBERGICES CERMES:

TZANVF-—RBUETE, (ba—<rho) x—
T—BHDLWIEATR) vy rF ¥ 8—=)bid, AN
BER~HABEFETEAHMEHRSR Ny F, M
LaE)(R1)E, FRARESLHKRESOHEHEZ
Mr7zBETH B, WHRE, WERICEREE
HE L ZBLRZLAPEHR T 5205, 2L BEAD
REZRPL LAV —HEELBIET 5 BHEEIC
L2Bb0OWIFEAETHL. HIEEBELSLHRFE
EHETSICERE S hWIE, BEORBOD T, #
BRICEEZAVF-HEEY, HOEREICHET
HZENRNTEL, BlzIE, ENBE - XEMEFO
IANF -RBHEZEDEE, BEHOTIVI—L
BIERBOBERIL, TAVF—EBBOEMEICHL
T—0.240.5%TH 5.

727EL, EEOBHAPENICEESNL D,
ANOEFERET KM L/ZAED TEE LIZEL 5.
LiciSoT, EERMICER LS 2406 T (GEW
w, BE TOBOEARELZL)TOZAIVFTF—
HEELHELLY, MBoFEOZLEOMRETIF
HAans,

ZERERIK (doubly labeled water : DLW) 11,
H & 180 2 ERL, 1EME~ 2 BHEEOHEIC
07 h BALIRFEEEEZEDOHEFEMEL food quotient
b, FYOIALF-HEErHEET Y,
L7zhoT, TOFEDL, whwad TEEE, o—
BTH5.

DLW i, MEHRTETTALENR L, 3
FEHBEPOHRIITEAER W, L L, “EEH%
KDFEEICHMT, LArdAFLIZIWIE, HE
FAAEORE L EHICHETLDIEESTIE RV
Enb, TKRONIMFEIN— T DFERH
WRFFE R EE L TV A IZE E 2w,

F72, VY TIVOGRREIIMZ, W E KD
REHNZDOWT, W ODPDEREZ BV TIZRAILF—

1. TAMF-REWEZEDOIMRLEN

HEELHEELTCWE LD LrasT, BESE
EIZBITSH TEE zHllE T 5 AL LTROEED
TELEIEONLEENTIEVE DD, TEE
DHEERBEIL, “AVF—RBHNEE2HEL L1
B, TEEE - HELDICE 5 REREETALE
NHbH(E2).

IND2OoDFEIL, BEENEL _BLiEEE
EEOMF LTINS ZREL TWEOTHEE
ETHBHH, 3)~5) &, BREENEY “HE" L
TWBZ ERS, Whid THEEoREE, tE2
5.

V. EERSAOEFEBHOERM

IDXHIZ, TEE 2l - HET S HEITWL
OPFETH. LaL, THAVF-—REHIESEC"
BERKEY UL T L, MERFEE, —
RICEFEICRELEEYAET LY. AXAR S
E LR E T LD, E3THAE.

KE/H Ty ORFEREEY T Ti, —F
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¥2. DLW EOEHEE
Accuracy Precision

Schoeller (1984) +5.9% 6.8%
Speakman (1997) +2.0% 2.0%
Schoeller (1986) +5.0% 9.0%
Kuczmarski (1994) +1.0% 7.0%
Roberts (1986) -1.4% 4.8%
Jones (1987) -0.9% 6.2%
Westerterp (1988) +1.4% 3.9%
Jones (1988) -1.0% 7.0%
Seale (1989) -8.7% 12.9%
Hoyt(1991) 25% 6.9%
Pullicino (1993) +1.8% 4.6%
Speakman (1993) +7.0% 16.8%
Speakman (1993) -0.4% 9.3%
Matthews (1995) -3.1% 7.9%

WAL EZENRRICE2A—TohO) A—B— LB R)

BRAREBEICETVWT TEE D#EERFEBRLTY
. £ZTiE, PAL °1.6~1.9(AFE@E: 1.75 D
BE% “Active” ELTWABY, ZOELEERE
EESFIE LT,
s EFEX - ik EoUETE)
« %9 107 m/53- D 4T 1 304
LBAIT 2 O 1EERIT5 1Y)

2 BFfE

3.
CHER HEE  PAL
i DLW
BER BF2E 163
(2002)
Rafamantanantsoa hESEYE  1.85
(2002)
RE AL 2.2
(2003)
5% hELZHE  1.60
(2004) (GEESF)
2 hEZHE 206
(2004) (T=RE)
5lR BREX  2.66
(2005)
HE Fa—2ohOYA—4—
Yamamura (2003) BABE%Z 151
Kumahara BRABEZ
(2004)
H 7 (2005) BRABZ 143

H

HR

L), IFIZRIERED B E AL (EEPAL=1.49)
iz,

* 25 DHEERE I X

c 405 DF =R
*MZ T, PALBHL.7512% 5L LTwA. &H
INZITOEE T ELAEFEY L Tw5A NP EIRS
EEZONBED, 1.758 w9 PAL W, S Ed
BAAY, Bo CBRAP IcBWTY, BlEYL
ETH5.

LA, TAVF-RBFHEECEG Y EF
BWEFEER®ESL L, PAL I31.3~1.4588, 1B
BREOHATIHELT 2EE 2+ 8CAFETIEHLST
529 ZofEiE, RCESz, RE/AFIO
DRI (2B BHEEMEEITIF—FT 5. BICL.75EE
DPAL & A LI T A2, #80m/FRBRED
EBETEHIBARET)LEFS 2. L
L, 1HH20) R, FHLT6,000~9,0008
BETHA. 105 =1,0004 &) B stE 7Y
TRELDOTHNIE, 1 HICHEVTVAERITL ~
LoBEBEILL2PRbhnwIEERD, Lizdo
T, WEEE)E FATUANC, FEY 01,5~ 2 B

IANVF-HEBNEDBHE—HEATORITER—

EENREER HR SA7a—45
-92-+-483 +40-+542 -107+271
(-3.9%) (+3.0%) (-7.1%)
-335+289 +574603 -542+249

(-12.2%) (+2.0%) (-20.7%)
-306+301 -14784522
(+6.3%) (-36.8%)
63+175 -246+=196
(+0.3%) (-13.0%)
-166-+238 -649+345
(-6.5%) (-25.3%)
-686£332  +1539+1168  -1743+275

(-13.9£6.5%) (+31.6%+23.9%)

(-35.3+3.6%)

-54+162
-168+120

(-8.1%+5.4%)

(+5.8+8.7%) (+2.8+6.3%)

(FHROBFIEEH 3~ EHEEUIFE (keal B (%))
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BEOEBHEITICHELST 22T 05EKIESH»H 5137
ThHhH. BATHINTVWLEHE 5 4 TONEE
FrE w724, TEE 25, ZNFRONRTEY

LT10~40%:L< b B/NeFi s 5 (R3 )DL, =
AL EDELREHTHELLEEZOLND,

&L, 29 L7-HEEEORL RIEE) (life-style
activity) ZEHli§ 5 2 £ DEEUHD LT ORE S
NBEL I %oTHY, MEERZ LI L 2 5FME
PRI ENDODH 5,

V. TRIVF -T2 ZOFH

MNIZANVF=NG U 2 EDR YFEBRICHELT
Wh, FlziE, BAIUDZALVE—INF YV ADT
N L, 1ETHREIH I ~4kg LT 21
TTh5.

FIDLHIT, MEEFNESLERMEEE, BA
WEAEIZDLHA, FHELTLEMEILKELC
TNAEIEDPEW(LITLIEI0%ELE)., T—VF X
Y5 —FLENE DLW ETEZ, H5%0Fh
DEDBEENDY, NDZALF—INT v ADOFE
RENZTHERIAEBELIPEL TRV, BEOIZRI
F-EBREIIODVWTIE, BIZEEIrLDTRIKE
WL LIE20% Bl E) 1920

L7zhioT, TALVF-HEEL L CEREDH
EEZFPOLIANVF =TV ARFMTESL LD
REEIE, BReBE - REERTKRCL, 3EA
Y, BHEMICIE, 21T Stubbs et alZV o X
I, BEREE R B RECELERE
LT, ZAVF-RBHEECIALVT-HEES
WErLEHICAEBLZHFCEE - FMLAHED
H, TRETH 5.
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