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Objective: The aim of the present study was to examine the cffect of long-term detraining on metabolic
syndrome (MetS).

Methods: 1109 Japanese men were categorized by their exercise habits. Clinical data, number of MetS risk
factors, and differences in lifestyle-related behaviors of the non-training group (n = 233) and the detraining
group (n = 483) were compared with those of the training group (n=87).

Results: Waist circumference and body mass index were significantly higher in the non-training group and
the detraining group than in the training group, and also higher in the detraining group than in the non-
training group. High-density lipoprotein cholesterol (HDL-C) was lower and low-density lipoprotein cho-
lesterol (LDL-C) was higher in the non-training group and the detraining group than in the training group.
Both the non-training group and the detraining group had more MetS risk factors than the training group.
The odds ratio for smoking was higher in the detraining group than in the training group.

Conclusions: Detraining results in similar degrees of obesity, low HDL-C, high LDL-C, and high MetS risk
as non-training., To prevent lifestyle-related diseases, it is particularly important not only to encourage
adults to become physically active, but also discourage active young people from discontinuing physical

exercise.

Key words: metabolic health, exercise, health behavior, older adults, youth

INTRODUCTION

1t is well known that habitual exercise has beneficial
effects on health. In addition to amelioration of obesity
[1-5], there is ample evidence to show that exercise can
prevent or ameliorate risk factors for cardiovascular
disease (CVD) such as type 2 diabetes [6-9], hyper-
tension [10, 11], and dyslipidemia [12-16]. Metabolic
syndrome (MetS) is characterized by increased insulin
resistance associated with central obesity and clustering
of metabolic risk factors, including impaired glucose
tolerance, hypertension, and dyslipidemia. In order to
prevent or ameliorate MetS, it is important to remain
physically active [17, 18].

Some people discontinue habitual exercise even
though they had exercised regularly during their stu-
dent days. However, little is known about the effects of
long-term detraining on health. It has been reported
that short-term detraining (several days to weeks) has
negative effects on lipid metabolisni, such as increased
triglveeride (TG) [19] and decrcased high-density
lipoprotein cholesterol (ITDL-C) [20-23]. Morcover,
relatively longer-term detraining (several years) has
been reported to increase body mass index (BMI) and

adiposily {24, 23], exacerbate lipid mctabolism, and
decrease bone mineral density [26, 27]. As to the ef-
fects of long-term detraining, or detraining for several
decades since youth, there has been only one report on
the risk of fractures in men [28] but no report focus-
ing on MetS risk factors.

In the present study, in order to examine the effect
of long-term detraining on MetS, 1109 Japanese men
were categorized into four groups according to their
exercise habits (training group, non-training group,
detraining group, and others), and the clinical data
and numbers of MetS risk factors of the non-training
group or the detraining group were compared with
those of the training group.

METHODS

Subjects

Of 1467 men who underwent annual health checks
at the Health Planning Center at Makita General
Hospital between February and March 2007, 1109
men aged 40-74 years, excluding those who were al-
ready treated for hypertension, dyslipidemia, or diabe-
tes, were selected. Medical history was surveyed using a
self-administered questionnaire. Habitual exercise dur-
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ing the student dayvs (from primary school 1o college)
was defined as maintaining physical activity = 2 hours
a dav more than three times a week. Present habitual
exercise was defined as maintaining phvsical activity
= 30 min a day more than once a week. Information
about exercise habits was obtained through an inter-
view. The subjects were categorized into four groups
according to their exercise habits. The training group
consisted of individuals who were continuing habitual
exercise {rom vouth to the present. The non-training
group consisted of those who never had a habit of ex-
ercise, while the detraining group consisted of subjects
who had exercised regularly during their student davs
but not at present. Finally. the others group consisted
of individuals with other exercise habits. In this study,
the clinical characteristics of the detraining group were
compared with those of the training group or the non-
training group. This study was designed in compliance
with the ethics regulations outlined in the Declaration
of Helsinki. Anonymized health records were used for
analysis, and the privacy of participants was completely
protected by unlinkable anonymization.

Measurements and definition of MetS

Anthropometric measurements were performed,
and blood samples were obtained after overnight fast-
ing. All mecasurements were included in the routine
health check examinations. BMI was calculated by
dividing weight (kg) by height squared (m?). Waist cir-
cumference (WC) was accurately assessed by a trained
staff member at the end of expiration in the standing
position, measuring the minimum circumference at
the level of the umbilicus to the nearest 0.5 cm. Blood
pressure was measured at the right upper arm in a
sitting position. Glycosylated hemoglobin (HbAlc)
was measured by a high performance liquid chro-
matography (ITPLC) mecthod. The value for ITbAlc
(%) was cstimated as a National Glycohemoglobin
Standardization Program (NGSP) equivalent value
(%) calculated by the formula HbAlc (%) = HbAlc
(Japan Diabetes Society, JDS) (%) + 0.4%, considering
the relational expression of HbAlc (JDS) (%) mea-
sured by the previous Japanese standard substance
and measurement methods and HbAlc (NGSP) [29].
Serum lipid levels were measured enzymatically.
The following cut-off values were used according to
the Japanese definition of MetS [30]: WC = 85 cm,
hypertension (systolic blood pressure (BP) = 130
mmHg and/or diastolic BP = 85 mmHg), FPG = 110
mg/dl, triglyceride (TG) = 150 mg/dl, and/or high-
density lipoprotein cholesterol (HDL-C) < 40 mg/dl.
The presence of WC = 85 cm and two or more of
the other risk factors constitutes a diagnosis of MetS.
Information about lifestvle-related behaviors, including
smoking, snacking, and drinking alcohol (= 50 g/day),
was obtained using a questionnaire.

Statistics

Data arc expressed as means = SD. StatView-] 5.0
(Statistical Analysis System Inc, Cary, NC, USA) was
used for the statistical analyses. Significant differences
in age and clinical data among the three groups were
evaluated using Scheffe’s multiple comparison test.
Odds ratios (OR) and 95% confidence intervals (CI)

were caloulated tor WO = 85 cm, BMI = 25 anyme,
the presence of MetS, and the differences in lifestvle-
related Dhehaviors, using the training group as the
reference. The numbers of MetS risk factors (hvperten-
sion. dvslipidemia, and hyperglvcemia) were compared
by ridit analysis [31] using the training group as the
standard. All p values were two-tailed, and p < 0.05
was considered significant.

RESULTS

Table 1 shows the categorization of the groups by
exercise habits. The 1109 Japanese men were catego-
rized as follows: training group (n = 87), detraining
group (n = 483), non-training group (1 = 233), and
others (1 = 306). Those who had not exercised during
their student days but started exercise therealter were
included in the others (n = 72). The ages (M £ SD) of
those in the training, non-training, and detraining
groups were 50.8 + 7.7, 514 + 7.2, and 49.2 + 7.1 years,
respectively. Overall, 93% of the subjects in the de-
training group had exercised regularly until they were
college students, which indicates that most of them
discontinued exercise after they started working. The
frequency of present physical activity in the training
group was as follows: once a week (36%), twice a week
(13%), 3 times a week (19%), 4 times a week (2%), and
= 5 times a week (30%).

Since part of their BMI data when they were 20
years of age were available, we have analyzed the data
as below.

training group (n = 56; 64% of total, M = 20.9, SD =
1.6)

detraining group (n = 360; 75% of total, M = 21.3,
SD=2.6)

non-training group (1 = 144; 62% of total, M = 21.1,
SD = 2.6)

There were no statistical differences among all the
groups by Schieffe’s muliiple comparison tests.

The clinical characteristics according to exercise
habits are shown in Table 2. WC and BMI were signifi-
cantly higher in the non-training and the detraining
groups than in the training group. Moreover, the
detraining group had a significantly higher WC and
BMI than the non-training group. HDL-C was signifi-
cantly lower and low-density lipoprotein cholesterol
(LDL-C) was significantly higher in the non-training
and the detraining groups than in the training group.
TG and total cholesterol (TC) tended to be higher in
the non-training and the detraining groups than in
the training group. Table 2 illustrates the numbers of
MetS risk factors present according to exercise habits.
On ridit analysis, the values of the mean ridit for the
non-training group (0.616, p < 0.01) and the detrain-
ing group (0.5396, p < 0.01) were significantly higher
using the training group as the standard (mean ridit:
0.5). The result of ridit analysis demonstrated that
both the non-training and the detraining group had
significantly more MetS risk factors than the (raining
group. However, there was no difference between the
non-training group and the detraining group on ridit
analysis.

The ORs and 95% Cls for the presence of obesity
and MetS, and differences in lifestyle-related behaviors
are shown in Table 3. The ORs for WC = 85 cm, BMI
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Table 1  Categorization of the groups according 1o exercise habits

Long-terin Detraining and Metabolic Syndrom

Exercise habits Subjects
Category Student days Present n (%)
Training = 2 hours/day = 30 mins/day
and and 87 (7.8)
___________ 2 3 Umes/Week e 2 O0CE K
.......... Non-tmmmg o 1(1‘<_m€ ) ) Lmnc;m ‘.2‘%%(21())
""""" Detrainivg = 2bowsday
and none 4183 (13.6)
= 3 times,/ week
""""" Others  anyotherpatems of exercise habits 306 (276)
"""""" Towd e o)
Table 2 Comparison of clinical characteristics by exercise habits
Training Non-training Detraining

WC (cm) 81.1 = 37 86.8 £ 9.9%* 88.8 = 8.4k

BMI (kg/m?) 22.8 £ 2.2
$BP umMg) 1238 =168  1s01*180 1988 %172
DBP (mmHg) 74.8 £ 11.1
FPG (mg/h) 1044 %1720 1007+237 1090 =210
HbAlc (%) 56 = 0.5
TG (mg/h 1229 %1343 1370 %863 1453 = 1082
IIDL-C (ug/dl) »»64.6 * 16.5

IDLCgng/d) 1347 3882 1476 * 3¢

TC (mg/dl) 202.1 £ 33.4 209.2 = 331 2004 = 35.2

No. of MetS risk factors

0 35 (40%) 61 (26%) 137 (28%)

1 35 (10%) 81 (36%) 176 (36%)

2 14 (16%) 61 (26%) 133 (28%)

3 3 (3%)
Meanwdi 0500 gl

Dataare M = 8D or » (%). BMI, body mass index; WC, waist circunlercuce: SBP, systolic blood pressure; DBP, diastolic blood pressiwe; FPG, lusting plasima

glucose; TG, wiglyeerides; ITDL-C, high-density lipoprotein cholesterol; LDL-C, low-density tipoprotein cholesterol; TC, total cholesterol
2 p < 0.05, ¥ p < 0.01 relative 10 raiuing group, #: p < 0.05, #: p < 0.01 relative 10 non-trainiug group (Schefle’s multiple comparison test)

Table 3  Odds ratios and 95% confidence intervals for WC = 85 cm, BMI = 25 kg/m?, the presence of metabolic syn-
drome (MetS) and the differences in lifestyle-related behaviors

Non-training

Detraining

WC =85 an
BMI = 25 kg/m*
MetS

Smoking
Snacking

Drinking (= 50 g/day)

5.98 (3.34 — 10.70)
6.94 (3.06 — 15.70)
3.82 (1.75 - 8.85)
1.32 (0.78 - 2.25)
1.33 (0.68 — 2.60)
164 (0.78 — 9.43)

10.30 (5.91 - 17.96)
9.02 (4.08 — 19.98)
1.98 (2.02 - 9.08)

2.01 (1.23 ~ 3.29)
1.88 ( 0.93 ~ 3.78)
1.88 (0.93 — 3.78)

The graining group was used us the relevence
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= 25 kg/m*, and the presence of MelS were mgmh—
cantly hw]m in both the non-training and the detrain-
ing group in contrast o the training group (referent
gr oup). Compared with the training group, the OR
for smoking was Rigniﬁcaml\' higher in the detraining
group. Although the detraining group showed higher
ORs compar ed mth the non-training group. there were
no significant differences in ORs for snacking and
drinking alcohol (= 50 g/day).

DISCUSSION

In subjects undergoing regular health check-ups, the
influence of long-term habnual exercise on MetS was
evaluated. While othel studies examining the effects of
detraining on MetS r1isk factors have been limited to a
few vears of detraining, the present study is the first to
examine the effects of detraining over several decades,
starting from student days. The prevaleuce of obesity
and Mctq was significantly increased in the detraining
group (discontinued exercise), compared to the training
group (continued exercise). In other words, detraining
led to obesity to the same extent as in the non-training
group, and the risk of MetS was clearly increased.

Since this study was a cross-sectional study, all of
the subject s data from their school days were not
available. However, the analysis of more than 60% of
subject s BMI data when they were 20 years old indi-
cated that there were no statistical differences among
all the groups by Scheffe s multiple comparison tests.
These results suggested that although their BMI were
almost same when they are 20, BMI has changed after-
ward probably due to their different excise habits.

MetS risk factors include obesity, impaired glucose
tolerance, hypertension, and dyslipidemia (high TG
and low HDL-C). In the present study, changes in obe-
sity and HDL-C were noted. WC and BMI, indicators
of central and overall obesity, respectively, were both
increased with detraining in comparison to the train-
ing as well as the non-training groups. WC measure-
ments can vary greatly depending on the examiner,
but in the present study, a single pre-trained examiner
took all measurements, thus ensuring highly reliable
data. With detraining, obesity progressed due to a de-
crease in energy expenditure, but a questionnaire was
used to confirm whether there were also other changes
in lifestyle habits. The results showed no differences in
frequency of snacking or drinking alcohol.

The effects ol acrobic exercise on lipid metabolism
(TG, HDL-C, TC, and LDL-C) have been reported in
several subject populations. For example, in healthy
males aerobic exercise decreased TC and TG and in-
creased HDL-C [12], in obese subjects it decreased TG
[14], in elderly subjects (age = 50 years) it decreased TC
and LDL-C and increased HDL-C [15], and in CVD
patients aerobic activity decreased TG and increased
HDIL-C [16]. On the other hand, increases in TG [19]
and decreases in HDL-C [21-23] have been observed
within a short period of a few days o few weeks of
detraining. The reason for this is thought to be a loss
in the -enhanced activity of lipoprotein lipase provided
by exercise [20, 21]. In our study, HDL-C significantly
decreased, and LDL-C significantly increased in the
non-training and the detraining groups compared to
the training group.

. Long-term Detraining and Metabolic Syndrom

In the present study, habitual exercise during stu-
dent davs was defined as physical activity = 2 hours a
dayv at least 3 days a week. and present habmml exer-
cise was defined as physical activity = 30 minutes a day
at least once a week. This was done because, among re-
sp()ud(‘nl% who regularly exercised during school days,
exercise frequency was = 3 days a weck in 99%, and
exercise time during each bout was = 2 hours in 95%.
On the other hand, approximately half of respondents
who presently exercised did so at a frequency of 1 (o
2 days per week. In addition. to eliminate variations
due to different inferviewers, the survey on habitual
exercise was conducted using an interview format by a
single investigator. In our study, the wraining group had
less obesity, higher HDL-C, and lower LDL-C than
the detraining group. Thus, it is clear that continuing
exercise even once per week is important in prevent-
ing lifestyle diseases, and discontinuing exercise is just
like having never exercised. Since the present study
specifically focused on the effect of long-term detrain-
ing on MetS, whether beneficial effects of exercise are
observed in subjects who had not exercised during
their student days but started exercise thereafter was
analyzed separately.

With respect to lifestyle habits, snacking and drink-
ing alcohol did not differ among the three groups, but
smoking was more common it the detraining group
than in the training group. This suggests that discon-
tinuing exercise may have an adverse impact on other
lifestyle habits. Detraining might also cause unhealthy
dietary habits leading to obesity. However, our survey
was limited to snacking, which may not he enough to
demonstrate the dietary causes of detraining-induced
obesity. In order to clarify this question, we have
already started another study to examine the impact
of dietary habits on detraining-induced obesity using
different subjects.

The limitations of this study inchude its cross-section-
al design and the fact that test values were compared
only during the survey period. Baseline (student days)
and interim clinical data were not obtained. Moreover,
although the type of habitual exercise during the stu-
dent days was surveyed in detail, due to the wide vari-
ety of exercise types, this variable was excluded from
our analysis. Indeed, since exercise type (e.g., aerobic,
endurance, resistance) and intensity may have different
effects on each parameter, this is an issue for future
imvestigation. Furthermore, although the importance of
continuing exercise was demonstrated, frequency was
not evaluated. Thus, when conducting a longitudinal
study on the influence of detraining on MetS, a study
designed to clarify the above points is necessary.

In conclusion, detraining (discontinuing exercise)
led to obesity and lower HDL-C, to the same extent
as in the non-training group, MetS risk factors were
increased, and LDL- C was increased. Therefore, guid-
ance to adults to continue present physical exercise,
and guidance to youth not to discontinue physical
exercise, must be provided to prevent future lifestyle-
related diseases.
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Abstract

The objective of the present study was to investigate the relationship between the indices of body size such as BMI, fat-free mass index
(FFMI, FFM/height®), fat mass index (FMI, FM/height®), and body fat percentage (%BF), and physical activities assessed by the doubly-
labelled water (DLW) method and an accelerometer in free-living Japanese adult women. We conducted a cross-sectional study in 100
female subjects ranging in age from 31 to 69 years. Subjects were classified in quartiles of BMI, FFMI, FMI and %BF. Daily walking
steps and the duration of light to vigorous physical activity were simultaneously assessed by an accelerometer for the same period as
the DLW experiment. Only physical activity-related energy expenditure (PAEE)/FFM and PAEE/body weight (BW) decreased in the highest
quartile of BMI. Physical activity level, PAEE/FFM and PAEE/BW decreased in the highest quartile of FMI and %BF, whereas they were not
different among quartiles of FFMI. Daily walking steps and the duration of moderate- and vigorous-intensity physical activities decreased or
tended to decrease in the highest quartile of FMI and %BF, but did not differ among quartiles of FFMI and BMI. These results clearly
showed that Japanese adult women with higher fat deposition obviously had a low level of physical activities assessed by both the
DLW method and accelerometry, but those with larger BMI had lower PAEE/FFM and PAEE/BW only. Our data suggest that the relationship
between obesity and daily physical activities should be discussed using not only BMI but also FMI or %BF.

Key words: Body composition: Physical activity: Doubly-labelled water: Accelerometry: Japanese adult women

Obesity is caused by an imbalance between energy intake and
energy expenditure. Obese individuals are often considered to
be physically less active than normal-weight individuals. How-
ever, most cross-sectional studies using the doubly-labelled
water (DLW) method, which is known to be the most accurate
method of measuring energy expenditure in free-living con-
ditions™?®, have reported that physical activity level (PAL;
the ratio of total energy expenditure(TEE):BMR) did not
differ among BMI categories(3‘6). The reason for the lack of
this association may be partly explained by differences in
the distribution of fat-free mass (FFM) and fat mass (FM).
PAL appears to be negatively associated with FM7®, but not
correlated with FEM™. Howevér, these studies have only
reported information on the association between PAL and
either FM or FFM, which are not adjusted for body size,
such as body height. To our knowledge, no information is

available from thoroughly examining the relationship between
BMI or body composition, i.e. FFM index (FEMI, FFM divided
by height squared), FM index (FMI, FM divided by height
squared) or body fat percentage (%BF) and physical activity
in adult women, particularly in Asian populations.

Recently, many cross-sectional studies on adult women in
Western countries and Japan reported that BMI and %BF
were inversely associated with daily walking steps®'®. Fur-
thermore, %BF was negatively associated with the duration
of vigorous-intensity physical activity assessed by acceler-
ometry*®.  Therefore, not only physical activity-related
energy expenditure (PAEE) but also the intensity of the
physical activity or walking steps should be lower among
adult women with higher body mass or fat deposition.

In the present study, we investigated the relationship
between various indices of body size such as BMI, FFMI,

Abbreviations: %BF, body fat percentage; BW, body weight; DHQ, diet history questionnaire; DMW, doubly-labelled water; FFM, fat-free mass; FFMI, fat-
free mass index; FM, fat mass; FMI, fat mass index; METs, metabolic equivalents; PAEE, physical acuvxty -related energy expenditure; PAL, physical activity
level; SCOP, Saku Control Obesity Program; TEE, total energy expenditure.

* Corresponding author: Dr Jonghoon Park, fax +81 3 3203 1731, email jonghoonp@hotmail.com
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FMI and %BF, and daily physical activities assessed by the
DLW method and accelerometry in free-living Japanese adult
women.

Methods
Subjects

Study participants were recruited through healthcare centres
or at workplaces from various prefectures of the Kanto area
(central Japan) and the Kyushu area (Western Japan), and
from the Saku Control Obesity Program (SCOP). The details
of SCOP are described elsewhere™®. In each location, subjects
were included according to the following criteria: (a) in good
health; (b) not pregnant or breast-feeding; () BMI higher than
185kg/m?; (d) living in their home prefecture 2 weeks before
and during the study; (e) not on a weight-loss or treatment
diet; and (f) alcohol consumption less than 40g/d. As a
result, 100 female subjects aged 31 to 69 years participated
in the present study. Daily physical activity was estimated
over the 14d study period in free-living conditions using the
DLW method and accelerometry. Over the entire assessment
period, subjects were carefully instructed to maintain their
normal daily activities and eating patterns and to make no
conscious effort to lose or gain weight.

Procedures

The experimental design is shown in Fig. 1. Participanr§ com-
pleted two visits to study sites on day 0 and day 15. On the
day before the start of measuring physical activity (day 0),
urine samples were collected early in the morning, 12h or
longer after the last meal (baseline urine sample), and body
weight (BW) and height were measured. BMR was measured
in the supine position and then the participants received a
dose of DLW. On the day after the physical activity measure-
ment (day 15), BW was measured and we then received
back the urine samples, accelerometer and a self-administered
diet history questionnaire (DHQ). The present study was con-
ducted according to the guidelines laid down in the Declara-
tion of Helsinki and all procedures involving human subjects
were approved by the Ethical Committee of the National Insti-
tute of Health and Nutrition in Japan. All subjects gave their
written informed consent before the commencement of the
investigations.

Anthropometric measures

Anthropometric measures were obtained in the fasting state
on the day before (day 0) and after the 14d study period

(day 15). BW was measured to the nearest 0-1kg and height

to the nearest 0-1 cm, in individuals wearing the lightest cloth-
ing, with underwear and no shoes. BMI was calculated as BW
(kg) divided by the square of body height (m?.

Diet history questionnaire

The DHQ is a validated sixteen-page structured questionnaire
that assesses dietary habits in the preceding 1-month
period®®. Well-trained dietitians checked the DHQ to find
omissions or errors and corrected them by asking questions
of each participant. Details of the DHQ, methods of calculat-
ing nutrients and validity are given elsewhere®®. We calcu-
lated the food quotient using the data from the DHQ to
evaluate TEE.

Doubly-labelled water

After providing a baseline urine sample, a single dose of
approximately 0-06g *H,O/kg BW (99-8atom%; Cambridge
Isotope Laboratories, Andover, MA, USA) and 1-4g H,'®0/kg
BW (100 atom%; Taiyo Nippon Sanso, Tokyo, japan) was
given orally to each subject on day 0. After dose adminis-
tration, participants were asked to collect urine samples on
day 1 (the day after the DLW dose) and on eight additional
times during the study period at the same time of the day
(Fig. 1). All urine samples except for the baseline one were
collected by the participant either at home or their place of
work, and the time of sampling was recorded. All samples
were first stored by freezing at —30°C in airtight parafilm-
wrapped containers, and then analysed in our laboratory.

Gas analysis

Gas samples for the isotope ratio mass spectrometer were pre-
pared by equilibration of urine samples with a gas. The gas for
equilibration of 150 was CO, and that for *H was H,. Pt cata-
lyst was used for equilibration of *H. The urine was analysed
by a DELTA Plus isotope ratio mass spectrometer (Thermo
Electron Corporation, Bremen, Germany). Each sample and
the corresponding reference were analysed in duplicate.

Day0D1 D2 D3 D7 D8 D9 D13 D14 D15
DLW dose £
Urinesampling £ £ € £ t £ % t £+ £
Baseline

Accelerometry
Anthropometry ¢
BMR 1

L]

Fig. 1. Schematic representation of the experimental design. On day 0, the 2H,'®0 (doubly-labelled water; DLW) dose was given orally to each subject after
collecting a baseline urine sample and performing the BMR and anthropometric measurements.
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The average standard deviations through the analyses were
0-5%o for “H and 0-03%o for %O,

Calculations of total energy expenditure and body
composition

The *H and 'O zero-time intercepts and elimination rates
(ky and ko) were calculated by using a least-squares linear
regression on the natural logarithm of the isotope concen-
tration as a function of the elapsed time from dose adminis-
tration. The zero-time intercepts were used to determine the
isotope pool sizes. Total body water (TBW) was calculated
from the mean value of the isotope pool size of *H divided
by 1:041 and that of 0 divided by 1-007. FEM was calculated
assuming a FFM hydration of 0-732%%. FM was calculated as
BW minus FFM and %BF was then computed from BW and
FFM. The TEE (kJ/d) calculation was performed using a modi-
fication of Weirs formula® based on the CO, production
rate (rCO,) and respiratory quotient. rCO, was calculated as
follows: 1CO, = 0-4554 X TBW X (1:007ko — 1-041ky). The
food quotient calculated from DHQ was used instead of the
respiratory quotient. This assumes that under conditions of
perfect nutrient balance the food quotient must equal the
respiratory quotient(l""m. PAL was estimated by dividing
TEE by BMR. PAEE was calculated as 0-9 X TEE — BMR,
assuming the thermic effect of food was 10% of TEE®®.

BMR

BMR was measured in the supine position in the early morn-
ing 12h or longer after the last meal, as described pre-
viously™”. The measurement was performed using a
Douglas bag for 10 min X 2 with 1min of intermission. After
the expired air was sampled, the O, and CO, concentrations
were measured using a gas analyser (Arco System, AR-1,
Kashiwa, Japan for the participants from the SCOP study, or
Arco System, ARCO-1000, Kashiwa, Japan, for the rest of the
partticipants) and the volume of expired air was measured
with a certified dry gas meter (DC-5; Shinagawa, Tokyo,
Japan). BMR was estimated from O, consumption and CO,
production using Weir’s equation(ls)A

Accelerometry

The Lifecorder EX (Suzuken Co., Ltd, Nagoya, Japan) is a uni-
axial accelerometer widely used in many countries due to its
reasonable cost and reliable validity for measuring metabolic
equivalents (METs) and step counts®??_ In the present
study, the Lifecorder EX was attached on the left side of the
waist at the midline of the left thigh. The movement data
are categorised into eleven activity levels (0, 0-5, and 1 to 9).
We applied METs for each activity level according to the
study of Kumahara et al., and the intensity of activity was
divided into light (<3 METs), moderate (=3 and < 6 METs)
and vigorous (=6 METs)??,

Statistics

All values are presented as mean values and standard devi-
ations. BMI was calculated as BW (measured before DLW
dose) divided by height squared. FEMI and FMI were
calculated as FFM and FM divided by height squared, respect-
ively. Subjects were classified by quartiles of BMI, FFMI, FMI
and %BF. Homoscedasticity or homogeneity of variances
was examined using Levene’s test. Because some variables
in physical characteristics did not follow a normal distribution,
the non-parametric test of Kruskal-Wallis analysis was used
to compare the variables in physical characteristics among
quartiles, and the Mann—Whitney U test was used for multiple
comparisons. In variables that were normally distributed,
one-way-ANOVA was used to compare the variables among
quartiles and Fisher’s least square difference was used as a
post boc test for multiple comparisons. The associations
between physical activities and body size or composition
were examined by linear regression analysis. In one-way
ANOVA, post hoc tests and Kruskal-Wallis tests, differences
were considered to be statistically significant if the P value
was less than 0-05; using the Mann—Whitney U test, differ-
ences were deemed significant at P<<0-0125 (modification
using Bonferroni’s inequality). All statistical treatments were
done using SPSS for Windows (version 16.0]; SPSS Inc.,
Chicago, IL, USA).

Results

Of the total 100 women studied, the proportion of normal-
weight (BMI = 18'5 to < 25kg/m® and overweight partici-
pants (BMI = 25kg/m? was 76 and 24%, respectively. The
mean age of the subjects was 51-8 (sp 11-2; range 31-69)
years. The mean BW and BMI were 574 (sp 12-2; range
41-7-109-7) kg and 235 (sp 44; range 18:8-40-0) kg/m?
respectively. BW did not change during the study (change
of BW 002 (sp 0-7) kg; P=0:987). The range of PAL was
1:36-2:52, with a mean value of 1-88.

Physical characteristics and physical activity variables
among quartiles of BMI, FFMI, FMI and %BF are shown in
Tables 1-4, respectively. Among the physical characteristics,
age and height were not significantly different among quar-
tiles. BMI increased linearly with FMI (» 0-943) and %BF
(r 0-749), whereas FFM increased in the 4th quartiles of FMI
and %BF (Tables 3 and 4).

Of energy expenditure components, TEE/BW decreased lin-
early with BMI, FMI and %BF. On the other hand, TEE/BW
decreased only in the 4th quartile of FFMI (Table 2). PAEE/
FFM and PAEE/BW decreased in the 4th quartile of BMI, but
PAL did not differ among quartiles (Table 1). Among FFMI
quartiles, there were no significant differences among PAL,
PAEE/FFM and PAEE/BW. However, among FMI quartiles, all
PAL, PAEE/FFM and PAEE/BW decreased in the 4th quartile.
Among %BF quartiles, PAL and PAEE/FFM were significantly
lower in the 3rd and 4th quartiles than in the 2nd quartile,
whereas PAEE/BW decreased from the 3rd quartile. Fig. 2
shows that PAL was negatively associated with FMI, but not
with BMI and FFMI (Fig. 2). PAEE/FFM and PAEE/BW were
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Table 1. Participant characteristics, energy expenditure components and physical activity variables by BM! grouping

(Mean values and standard deviations)

BMI (kg/m?) quartiles]]. ..

1st (18-6—20-4)

2nd (20-5-22-1)

3rd (22.3-24.7)

4th (24-7—-40-0)

Mean SD Mean sD Mean sD Mean SD P (ANOVA) r
Physical characteristics
Age (years) 49.7 11.9 51-4 11-8 53-9 11.9 52.4 9-4 0-630 0-038
Height (m) 1.55 0-04 1-56 0-06 1.56 0-04 1.56 0-06 0-890 0-133
Weight (kg)1 4741 31 52111 42 57.21T+E 33 73-0111£88§ 13-4 <0-001 0-948™*
BMI (kg/m?)§ 19-5 0-6 21.31t 05 23-5t11 09 29-81111§§ 39 <0-001 1
%BFq 289 51 32.3 4.3 36:0tt1f 5.0 42.01T1188 4.6 <0-001 0.747***
FFM (kg)9 335 2:5 357 36 36-3tt 38 42-211118§ 67 <0-001 0-743***
FM (ko)1 137 28 16911 2.7 20-6tt1E 33 30-5111188§ 77 <0-001 0.930™**
Energy expenditure
TEE (kJ/d) 8441 1149 8534 883 9333t% 1244 9939111t 1523 <0-001 0.527***
TEE/BW (kJ/d per kg) 179-8 271 164-71 21.2 163-5t 23.0 138-1111§§ 20-4 <0-001 —0-588"*
BMR (kJ/d) 4492 351 4804 462 4777 588 5558111188 892 <0-001 0.725™*
PAL 1-88 0-23 1.85 0-22 1-97 0.27 1-80 0-18 0-065 —0-187
PAEE (kJ/d) 3105 913 3077 747 3623 1069 3387 886 0-099 0-120
PAEE/FFM (kJ/d per kg) 92.4 24.8 86-8 21-8 100-7% 30-6 81-3§ 203 0-040 —0-207*
PAEE/BW (kJ/d per kg) 66-2 20-6 59.7 16.0 63-8 19.7 47-51118§ 1341 0-001 —0-403"**
Accelerometer
Step counts (per d) 8994 2151 8872 2619 8624 2729 7808 3402 0-427 —-0-286™*
Light (<3 METSs) (min/d) 57-0 15-8 58-4 23.0 62-0 24.8 55-0 20-3 0-691 -0-107
Moderate (= 3 and < 6 METs) (min/d) 288 12.0 271 13-8 23.3 10.2 210 13.8 0122 —0-8316**
Vigorous (= 6 METs) (min/d) 37 34 3.0 29 27 27 2.0 2.7 0-246 -0-239*

%BF, body fat percentage; FFM, fat-free mass; FM, fat mass; TEE, total energy expenditure; BW, body weight; PAL, physical activity level (= TEE/BMR); PAEE, physical activity energy expenditure (= 0-9TEE — BMR);

METSs, metabolic equivalents.
* Significant correlation with BMI: * P<0-05, ** P<0-01, *** P<0-001.

Mean value was significantly different from that for the 1st quartile: t P<0.-05, +1 P<0-01.
Mean value was significantly different from that for the 2nd quartile: + P<0-05, 3 P<0-01.
Mean value was significantly different from that for the 3rd quartile: § P<0-05, §§ P<0.01.
|| Subjects were categorised by quartile. There are twenty-five subjects in each quartile.

1 Because some variables in physical characteristics did not follow a normal distribution, Kruskal-Wallis analysis was used to compare the variables among quartiles, and the Mann—Whitney U test was used for multiple

comparisons.
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Table 2. Participant characteristics, energy expenditure components and physical activity variables by fat-free mass index (FFMI) grouping

(Mean values and standard deviations)

FFMI quartiles]|. .. 1st (12.2—13-8) 2nd (13-8-14-6) 3rd (14.7-15-6) 4th (15.7-21.6)
Mean sD Mean SD Mean sD Mean sD P (ANOVA) r
Physical characteristics
Age (years) 48-5 129 556 10-5 54-0 10-9 491 91 0-054 -0-026
Height (m) 1.56 0.05 1.56 0-05 1.55 0.06 1.567 0.05 0-587 0.093
Weight (kg)1 50-1 4.4 520 4.5 56-2t1 77 711111188 151 <0-001 0.753
BMI (kg/m?) 206 1.4 216 2.1 2331t 2:6 287111188 5.2 <0-001 0-794***
%BF1 34.9 4.0 328 6-2 33.9 7-4 376 8.3 0-045 0.247*
FFM (kg)1 322 2:0 34-611 2.2 36-811$F 2.8 44.0111188 4-9 <0-001 0-890™**
FM (kg)9 17-6 32 17-2 4.5 19:5 6-4 27-3t1118§8 10-5 <0-001 0.581***
FFMI (kg/m?) 13.3 04 14.3 03 15.2 03 17.8 1.5 <0-001 1
Energy expenditure
TEE (kJ/d) 8017 891 8676 932 930611 1100 1024811118§ 1358 <0-001 0-626***
TEE/BW (kJ/d per kg) 160-9 202 167-6 20.2 169-3 35.2 148-41§ 26-8 0-025 —0-262*
BMR (kJ/d) 4391 444 4582 423 4871111 -533 5587111188 826 <0-001 0.708***
PAL 1-83 0-18 1.91 0-24 1.92 0-29 1.85 0-20 0-484 —0-064
PAEE (kJ/d) 2824 659 3226 841 35051 1090 363611 890 0-011 0-263**
PAEE/FFM (kJ/d per kg) 88.0 219 93-4 24.5 96.3 31.0 836 22:6 0-368 —0-151
PAEE/BW (kJ/d per kg) 56-6 131 62-4 171 64.5 24.7 53.6 173 0-182 -0-157
Accelerometer
Step counts (per d) 8589 2592 8914 2437 8267 2635 8528 3403 0-878 ~0-159
Light (<3 METs) (min/d) 536 20-4 591 172 55.7 18.9 641 265 0-320 0-040
Moderate (= 3 and < 6 METSs) (min/d) 28-0 15.2 273 10-4 23.9 12-0 2141 12:3 0-187 —0-300™
Vigorous (= 6 METSs) (min/d) 34 30 26 28 31 36 2.3 2.3 0-513 -0-108

%BF, body fat percentage; FFM, fat-free mass; FM, fat mass; TEE, total energy expenditure; BW, body weight; PAL, physical activity level ( = TEE/BMR); PAEE, physical activity energy expenditure (= 0-9TEE — BMR);

METs, metabolic equivalents.
* Significant correlation with FFMI: * P<0-05, ™ P<0-01, *** P<0-001.

Mean value was significantly different from that for the 1st quartile: T P<0-05, 11 P<0.01.
Mean value was significantly different from that for the 2nd quartile: $ P<0-05, 1} P<0-01.
Mean value was significantly different from that for the 3rd quartile: § P<0-05, §§ P<0-01.
| Subjects were categotised by quartile. There are twenty-five subjects in each quartile.

9 Because some variables in physical characteristics did not follow a normal distribution, Kruskal-Wallis analysis was used to compare the variables among quartiles, and the Mann—Whitney U test was used for muitiple

comparisons.
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Table 3. Participant characteristics, energy expenditure components and physical activity variables by fat mass index (FMI) grouping
(Mean values and standard deviations)

FMI quartiles]. .. 1st (2.94-6-39) 2nd (6-49-7-52) 3rd (7-55-9-73) 4th (9-82—19-49)
Mean sD Mean sD Mean sD Mean SD P (ANOVA) r
Physical characteristics
Age (years) 49-9 10-9 524 12.2 51-4 116 53.5 10-8 0-713 0-085
Height (m) 1.56 0-05 1.56 0-05 1.56 0-05 1.56 0-06 0-921 0-138
Weight (kg)1 48-3 4.5 51.7 4.5 56.7t11t 4-4 72-81t118§ 13:5 <0-001 0-897™*
BMI (kg/m?)] 19.9 1.2 21.31t 1.2 232111t 1.7 29-6111188 4.2 <0-001 0.-943™**
%BFY 26-4 4.2 32:9tt 1.5 3711ttt 1.7 42.911118§ 39 <0-001 0-916™*
FFM (k@)Y 356 - 3.9 34.9 4.0 35.7 3-3 41.5111188§ 71 0-001 0.565™*
FM (kg)9 12-8 2:4 17-01t 1.3 21-01t¢f 1.7 30-91t+18§ 72 <0-001 0.982"**
FMI (range) (kg/m?) 53 09 7-0 03 8.6 0.7 126 23 <0-001 1
Energy expenditure
TEE (kJ/d) 8810 1097 8782 1258 9049 1346 9607 1576 0110 0.-352***
TEE/BW (kJ/d perkg) - 183-4 254 170-0t 20-7 159411 17-2 133-311418§ 16-7 <0-001 —0-696™*
BMR (kJ/d) 4586 375 4584 457 4760 559 55031111§§ 971 <0-001 0-610™**
PAL . 1-91 0.22 1.93 0-28 1.91 0-21 1.76118§ 0-19 0-036 —0.254*
PAEE (kJ/d) 3343 847 3320 1082 3384 914 3143 876 0-827 -0-017
PAEE/FFM (kJ/d per kg) 94.3 236 95-9 31.3 94-3 211 76-8111§ 20-4 0-024 —0-258**
PAEE/BW (kJ/d per kg) 69-6 19-0 64-2 19.5 59.-41 14.0 43-9t1118§ 1.7 <0-001 —0-502***
Accelerometer
Step counts (per d) 8508 2034 9724 2154 8866 3387 7200118 2777 0-011 —0-293*
Light (<3 METSs) (min/d) 565 17-0 630 212 613 265 51.7 17-8 0.224 -0-156
Moderate (= 3 and < 6 METSs) (min/d) 24.9 97 303 13.2 25.7 146 19-31F 11.0 0-021 —0-265**
Vigorous (= 6 METSs) (min/d) 3-8 35 35 3.0 2.3 21 1.8tf 2.7 0-042 —0-282™

%BF, body fat percentage; FFM, fat-free mass; FM, fat mass; TEE, total energy expenditure; BW, body weight; PAL, physical activity level (= TEE/BMR); PAEE, physical activity energy expenditure ( = 0-9TEE — BMR);
METs, metabolic equivalents.

* Significant correlation with FM}: * P<0-05, ™ P<0-01, *** P<0-001.

Mean value was significantly different from that for the 1st quartile: + P<0-05, 11 P<0-01.
Mean value was significantly different from that for the 2nd quartile: £ P<0-05, 1 P<0-01.
Mean value was significantly different from that for the 3rd quartile: § P<0.05, §§ P<0-01.
)} Subjects were categorised by quartile. There are twenty-five subjects in each quartile.

9 Because somne variables in physical characteristics did not follow a normal distribution, Kruskal—Wallis analysis was used to compare the variables among quartiles, and the Mann—Whitney U test was used for multiple
comparisons.
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Table 4. Participant characteristics, energy expenditure components and physical activity variables by body fat percentage (%BF) grouping

(Mean values and standard deviations)

%BF quartiles]]. ..

1st (15.9-31-0)

2nd (31.4-34.5)

3rd (34-6—38-8)

4th (39-1-54.3)

Mean sD Mean sb Mean sD Mean sD P (ANOVA) r
Physical characteristics
Age (years) 48.7 10-6 53.8 12.3 50-3 11.3 53.8 10-2 0-596 0-138
Height (m) 1.56 0.06 1.55 0-04 1.56 0-05 1.57 0-06 0-839 0-112
Weight (kg)9 49.0 5.4 53.41 65 54.8t1 4.3 72.3t1118§ 13.9 <0-001 0-710%**
BMI (kg/m3)9 20-1 1.3 2211t 2.2 22.6tt 2:0 29-311118§§ 4.5 <0-001 0-749*
%BF{ 262 4.1 32.7tt 0-9 37-0tt++ 1.2 43.211118§ 3.4 <0-001 1
FFM (kg)1 36-1 4.2 36-0 4.5 345 2:6 41.018§ 7-2 0-005 0.278™
FM (kg)1 12-9 27 17-511 2:4 20-3tt1t 1-8 30-91T1+$88 72 <0-001 0-889™*
Energy expenditure
TEE (kJ/d) 8845 1091 9326 1375 8600 1090 9477 1657 0-074 0-122
TEE/BW (kJ/d per kg) 1821 26-9 1750 194 156-6111t 1341 132-411118§ 15.5 <0-001 ~0.725"*
BMR (kJ/d) 4640 372 4727 530 4680 556 5385111188 1041 <0-001 0-368***
PAL 1.90 0-22 1.98 0-26 1-85% 0-22 1.78%% 019 0-013 —0-243*
PAEE (kJ/d) 3321 861 3666 1072 3059 806 3144 872 0-099 —-0-124
PAEE/FFM (kJ/d per kg) 92.5 24.5 1026 296 88.2% 20-6 77-9%% 20-6 0-006 —0-244*
PAEE/BW (kJ/d per kg) 685 19.8 68.7 18-1 55.5t1tt 12.8 44.41111§ 12.0 <0-001 —0-515%**
Accelerometer
Step counts (per d) 8675 2082 9449 2173 9067 3288 71077118 2869 0-013 ~0.293*
Light (<3 METSs) (min/d) 58.0 16-2 64-9 231 59.2 246 50-4 18-1 0-113 -0-168*
Moderate (= 3 and < 6 METs) (min/d) 25.7 10-2 26-4 11.2 287 157 194 11-8 0-057 -0-154
Vigorous (= 6 METSs) (min/d) 34 34 39 3.0 23 2.3 1.8 2.7 0-052 —0.287*

FFM, fat-free mass; FM, fat mass; TEE, total energy expenditure; BW, body weight; PAL, physical activity level ( = TEE/BMR); PAEE, physical activity energy expenditure ( = 0-9TEE ~ BMRY); METs, metabolic equivalents.

* Significant correlation with %BF: * P<0-05, ** P<0-01, *** P<0-001.

Mean value was significantly different from that for the 1st quartile: + P<0-05, t1 P<0.-01.
Mean value was significantly different from that for the 2nd quartile: £ P<0-05, +f P<0.-01.
Mean value was significantly different from that for the 3rd quartile: § P<0-05, §§ P<0-01.
|l Subjects were categorised by quartile. There are twenty-five subjects in each quartile.

1 Because some variables in physical characteristics did not follow a normal distribution, Kruskal-Wallis analysis was used to compare the variables among quartiles, and the Mann~Whitney U test was used for muiltiple

comparisons.

Ananoe [edisAyd oy azis Apoq jo uoney



MS British Journal of Nutrition

1124 J. Park et al.
(a) BMI FFMI FMI
2:8 rr-0-19, NS 2:81 r-0:06, NS 2.8 r-0:25 P<0:05
241 o4 % 24} o f 24}
220! & 0,0 o 2200 o e ¢ 2 20
20 Bepw, Lo 2 «§ . 2
16 | e °%p 16} o L 54 16}
| e o ° ° | .{ . ° |
12 1.2} 12t
1 i 1 1 1 i L L i 1 i ] 1 1 ] L 1 J
15 20 25 30 35 40 45 10 15 20 25 0 5 0 15 20 25
BMI (kg/m?) "FFMI (kg/m?) FMI (kg/m?)
(b)
D 180 D 180 EX
21801 521, P<005 = r=0-15, NS 21801 +_9.26, P< 001
8 140 g 140 °« o, 8 140
T T T
2 100 2 100 b s T 2 100
@
Z 60 Z o0l BT eq,e ° Z 60
& L e f e ° &
&g 20 & 20 ° a 20
< i ! i L L ' a(- 1 1 1 \ 1 1 E L L ¢ ' ' '
& 15 20 25 30 35 40 45 10 15 20 25 0 5 10 15 20 25
BMI {(kg/m?) FEMI (kg/m?) FMI (kg/m?)
(c)
21 040, P<0001 2190+ g16,Ns 21907 r-0%0, P< 0001
3 g ° g
5 100 5 100 o3 < 100
2 2 =
= 60 = 60 = 60
z © z . z ©
@ @ <y
W 20 H 20 H 20
E 1 g 1 1 1 i 1l J é
15 20 25 30 35 40 45 10 15 20 25 0 5 10 15 20 25

BMI (kg/m?)

FFMI (kg/m?)

FMI (kg/m?2)

Fig. 2. Relationships between BM|, fat-free mass index (FFMI) or fat mass index (FMI) and physical activity level (PAL) (a), physical activity-related energy expen-
diture/fat-free mass (PAEE/FFM) (b) or PAEE/body weight (BW) (c). PAL = TEE/BMR, where TEE is total energy expenditure; PAEE = 0-9TEE — BMR; FM| was
negatively associated with all physical activity variables obtained by the doubly-labelled water method.

negatively associated with BMI and FM], but not with FFMI
(Fig. 2).

In the accelerometry data, the step counts decreased in the
4th quartile of FMI (Table 3) and %BF (Table 4), whereas there
was no difference among quartiles of BMI (Table 1) and FFMI
(Table 2). Time spent on moderate- or vigorous-intensity
activity decreased in the 4th quartile of FMI, whereas it did
not differ among quartiles of BMI, FFMI and %BF. Time
spent on light-intensity activity did not differ among quartiles
of BMI, FFMI, FMI and %BF.

Discussion

The principal finding in the present study was that only PAEE/
FFM and PAEE/BW assessed by the DLW method decreased
among women in the highest quartile of BMI. On the other
hand, women in the highest quartiles of FMI and %BF
obviously had a low level of physical activities assessed by
both the DLW method and accelerometer. Particularly,
women in the 3rd quartile of FMI or %BF had lower PAEE/
BW even though their BMI was below 25 kg/m’.

The average PAL of 1-88 in the participants of the present
study was a little higher than that of 175 in the general popu-
lation of Eastern or Western countries”'*23>*® The average
BMR in the present data was 883kJ/d per kg BW for
normal-weight women (BMI < 25kg/m?® and 76-2kj/d per
kg BW for overweight women (BMI = 25kg/m?). These
values were close to the average BMR of 88-8kJ/d per kg
BW for Japanese normal-weight adult women®”  and
749kj/d per kg BW in Japanese overweight adult
women®®. Moreover, the range of PAL in the present study
was 1-36—2:52, which is within the PAL of the general popu-
lation®®. The average daily steps of about 8500 for partici-
pants in the present study were also comparatively higher
than the daily steps for Japanese adults women, who generally
walk an average of 7215 steps/d?”.

The lack of a significant difference in PAL among BMI
quartiles in the present study is consistent with most previous
studies“™®. In contrast, Tooze et al.®® demonstrated that
PAL was lower in obese women (BMI = 30kg/m?® than in
normal-weight women (BMI < 25kg/m®). However, they
used an estimated RMR, but not a measured rate, so
some errors in estimating PAL may be induced by the
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Table 5. Concordance of classification between BMI and fat mass index (FMI) or percentage body fat (%BF)

(Percentages and number of subjects)

FMI %BF
Quartile™. .. 1st 2nd 3rd 4th 1st 2nd 3rd 4th
BMI quartile % n % n % n % n % n % n % n % n
1st (lowest) 68 17 32 0 0 0 0 60 15 28 7 12 3 0 0
2nd 28 7 44 11 28 7 0 0 36 9 32 8 32 8 0 0
3rd 4 1 24 6 56 14 16 4 4 1 32 8 40 10 24 6
4th (highest) 0 0 0 0 16 4 84 21 0 0 8 2 16 4 76 19

*There are twenty-five subjects in each quartile.

different accuracy of estimated RMR between lean and obese
participants(w)‘

Only PAEE/FFM and PAEE/BW decreased among women in

the highest quartiles of BMI, whereas not only PAEE/FFM and
PAEE/BW but also PAL apparently decreased in the highest
quartile of FMI and %BF. Based on the results of the concor-
dance of classification between BMI and FMI or %BF, most
participants with a higher BMI have higher FM as well
(Table 5). Thus, women in the highest quartile of BMI might
be less active on the basis of PAEE when adjusting for body
size. Contrary to the results of the present study, Snodgrass
et al® reported that PAEE/BW was not different between
lean and overweight women. However, lean and normal-
weight women in their study had much lower PAL (1-43 (sp
0-21)) and two of the seven women were underweight
(BMI < 185 kg/m?.

In contrast to the results of the decrease in PAEE/FFM and
PAEE/BW among women in the highest quartile of BMI,
there were no differences in PAEE/FFM and PAEE/BW
among normal-weight women in the 1st to 3rd quartiles of
BMI. Among participants in the 3rd quartile of BMI, the pro-
portion of participants who are included in the 3rd quartile
of FMI was only about half and the remaining spread to the
other quartiles of FMI (Table 5). This phenomenon was similar
to that of participants in the 2nd quartile of BMI. Thus, there
appears to be a considerably large interindividual variability,
especially for PAEE/FFM in normal-weight women who have
a different distribution of FFM and FM at the same BML

The present study showed that TEE/BW was correlated with
BMI, FMI or % BF. However, the overcorrection of TEE when
adjusted by BW should be cautiously interpreted, because
BMR accounts for approximately 60% of TEE in an individual
with a PAL of 1-75. On the other hand, in PAEE, which is not
influenced by BMR, someone with a larger body mass needs
more energy for an activity than someone with a smaller
body mass. Thus, PAEE/BW may well reflect lower physical
activity among women in the highest quartile of BMI. How-
ever, we could not exclude the possibility that PAEE/BW
might be also adjusted excessively because there was a great
difference in BW and FM between the 3rd and 4th quartile
of BMI in the present study. However, among quartiles of
FMI and %BF, PAEE/BW was lower in the 3rd quartile than
in the 1st or 2nd quartile, although it was not a great differ-
ence in BW between the 3rd quartile and the 1st or 2nd
quartile. Therefore, lower PAEE/BW could well reflect the

status of lower physical activity in women with higher BMI,
especially with higher fat deposition, when FMI or %BF was
effectively used.

Schulz et al.” reported a high correlation between PAEE/
BW and %BF in healthy adult women, thereby providing
support for our data that PAEE/BW decreased from the 3rd
quartiles of FMI and %BF. Thus, PAEE/BW could be useful
to understand daily physical activity, especially in normal-
weight women with higher fat deposition.

Step counts and the duration of physical activity of moder-
ate or vigorous intensity assessed by accelerometry apparently
decreased in the highest quartile of FMI, but not among quar-
tiles of BMI and FFMI. Contrary to the present results of no
difference in step counts and moderate or vigorous intensity
among BMI quartiles, Levine et al. %% reported.that the allo-
cation of standing and ambulating during the day was lower
in obese subjects than in lean subjects when using BMI cut-
points. This discrepancy may be due to the different range
of PAL among populations. Levine et al.®® recruited both
lean and obese individuals from among ‘couch potato’ sub-
jects, all of whom were sedentary. The populations of the
present study were free-living Japanese adult women with a
wide PAL range from sedentary to active.

In a longitudinal study using the DLW method in adult
women, Schoeller et al®? demonstrated that increases in
weight were lower in active women with a PAL above 1-75.
The present study did not attempt to determine a threshold
of daily physical activity that is required to have a normal
FMI, %BF or BMI due to the limited number of study subjects
and the proportion of obese individuals in the present dataset.
Another reason was that there were no definite cut-offs for
FMI and %BF. Because the present study apparently showed
a good relationship between FM (FMI or %BF) and various
physical activities, further study is warranted to examine the
threshold of daily physical activity that is required to suppress
fat accumulation.

The BMI cut-off point is used as the standard for a classifi-
cation of obesity. On the other hand, Bigaard et al. suggested
that FMI was also an independent predictor of all-cause mor-
tality in their epidemiological study®®. They revealed that an
excess of approximately 10 kg/m? of FMI value was associated
with considerably increased mortality. The present study
showed that Japanese adult women with an average FMI of
12-6kg/m* were less active than those with a below-average
FMI of 86kg/m’. Therefore, we consider that an increase in
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PAL may decrease FMI, leading to a decrease in risk of
all-cause mortality.

The present study has the following limitations: first, the
FFM hydration was assumed as 0732 for all participants
equally(l‘n, so some errors in estimating FFM may be induced
by the different levels of obesity. Second, the present results
were drawn from a cross-sectional design. Therefore, we
were not able to infer a cause—effect relationship between
an inactive lifestyle and obesity. Observational or intervention
studies with longitudinal design are needed to evaluate the
effect of inactivity on the development of obesity for adult
women. However, the main purpose of the present study
was to investigate the relationship between daily physical
activity and body size or body composition. Moreover, the
present study provided the results only for Japanese adult
women, but not for men or children.

In conclusion, Japanese adult women with larger BMI had
lower PAEE adjusted by FFM or BW. Especially, Japanese
adult women with higher fat deposition were apparently less
active, on the basis of not only PAEE but also the physical
activity of moderate or vigorous intensity. The present
data suggest that the relationship between obesity and daily
physical activities should be discussed using not only BMI
but also FMI or %BF.
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B (n=38) 4 (n=33)
SEHIE ZERE  BAE =/ME FE EEEE RAE =/ |ME
E8 (%) 434 2.3 67.0 23.0 43.4 2.2 68.0 24.0
& (cm) 170.2 * 1.0 1925 160.6 156.6 1.0 166.2 142.0
FE (kg) 710 % 1.7 102.6 53.0 55.2 15 73.3 39.4
BMI (kg/m®) 245 * 0.5 33.3 19.2 22.5 0.5 29.0 17.7
ETERBE (mm) ;
L-BEETEs 6.5 0.6 26.9 2.6 8.7 1.0 30.3 3.2
FRRTAER 7.7 "% 0.7 32.6 4.1 14.1 0.9 376 3.7
ABERTE 94" 0.7 37.3 3.2 14.1 1.2 31.1 4.3
iR 21.3* 0.7 447 8.1 25.4 1.2 58.4 8.2
R/X :
L REwTER 58" 0.7 21.4 25 8.0 1.1 29.2 3.1
A 78" 0.9 29.7 2.8 12.9 1.0 32.7 4.0
PN 9.2* 1.2 27.1 3.4 12.7 1.6 314 45
FEER 19.5 * 1.3 28.9 3.6 19.7 2.0 37.6 3.8
*p <0.05
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