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Abstract Body fat distribution and abdominal fatness are
indicators of risks for coronary heart disease. However, the
relationships between resting energy expenditure (REE} and
the body fat distribution or the abdominal fatness are unclear.
We examined the relationships of REE with whole-body fat
distribution (waist, hip and waist-to-hip ratio: WHR) and
abdominal fatness (intra-abdominal fat: [F and subcutaneous
fat: SF) after adjustment for body composition. 451 men and
471 women were subdivided into two groups, 40-59 years:
middle-aged group and 60-79 years: elderly group. REE was
measured by an indirect calorimetry system. Percentage of fat
mass (%FM), fat mass (FM) and fat-free mass (FFM) were
assessed by a dual-energy x-ray absorptiometry method. The
IF area (IFA) and SF area (SFA) at the level of the umbilicus
were measured using computed tomography. Circumference of
waist and hip were measured in a standing position. The WHR,
waist circumference and SFA did not significantly (p>0.05)
associate with the REE after adjusting for FM, FFM and age in
any of the groups. The adjusted REE was significantly and
inversely correlated with hip (r=-0.159, p<0.05) and IFA
{r==0.131, p<0.05) in the elderly men. These results suggest
that lower REE may contribute to greater hip and IFA rather
than WHR and waist in elderly men. J Physiol Anthropol 22
(1): 47-52, 2003 http://www.jstage.jst.go.jp/en/

Keywords: resting energy expenditure, body fat distribution,
waist-to-hip ratio, intra-abdominal fat area

Introduction

Obesity occurs when energy intake exceeds energy
expenditure over a long period. Energy expenditure consists of
physical activity, diet-induced thermogenesis and resting
energy expenditure (REE). REE is the largest component of
total daily energy expenditure and maintains the basic
physiologic functions {(e.g., heart, renal, hepatic and muscle
functions, respiration) [Goran, 2000]. A longitudinal study
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[Ravussin et al., 1988] observed that the initial REE negatively
correlates with the change in body weight. Several cross-
sectional studies [Albu et al,, 1997; Carpenter et al., 1998;
Forman et al,, 1998; Foster et al., 1997] found that a lower
REE might be related to a higher prevalence of obesity.

Upper-body obesity (android-type of obesity) was found to
be more greatly associated with various obesity-related
complications, compared with lower-body obesity, by Vague
[1956]. Upper-body obesity is generally estimated by the
waist-to-hip ratio (WHR}) as an index of body fat distribution.
Several studies revealed that WHR was closely associated with
risk factors for coronary heart disease (CHD), e.g., impaired
glucose tolerance, insulin resistance, lipoprotein metabolic
disorder and hypertension [Kissebah et al., 1982; Kissebah and
Peris, 1989; Micciolo ¢t al, 1991]. More recently, intra-
abdominal fat area (IFA) and subcutaneous fat area (SFA) at
the L4-L5 level were estimated using computed tomography
[Tokunaga et al., 1983]. An increase in [FA has been
demonstrated to be closely associated with CHD risk factors,
e.g.,, hyperlipidemia [Nakamura et al, 1994], hypertension
[Kanai et al., 1990] and low insulin sensitivity [Macor et al.,
1997]. Thus, IFA is an important indicator for predicting the
prevalence of CHD risk factors.

Whether REE plays a role in the alteration in body fat
distribution and abdominal fatness is controversial. Several
investigators [Tataranni et al., 1994; Weststrate et al.,, 1990]
found significant and positive correlations between REE and
WHR  or the waist-to-thigh ratio adjusted for body
composition, whereas some [Armellini et al., 1992; Schutz et
al,, 1992] did not. To our knowledge, studies investigating the
relationships between REE and IFA using computed
tomography (CT) are rare [Macor et al,, 1997; Nicklas et al,,
1995]. The studies by Macor et al. [1997] and Nicklas et al.
[1995] used obese people as the subjects; therefore, there is no
study for non-obese and healthy population. Moreover, very
few studies have clarified the effects of sex and age on the
relationships between REE and WHR or IFA, and the sample
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sizes of these studies were insufficient for the findings to be
generalized. Therefore, the aim of this sudy was to examtine
the influence of REE on the body fat distribution (WHR, waist

and hip circumferences) and abdominal fatness {IFA and SFA)

assessed by the new method (CT) in a relatively large sample
size of the Japanese population.

It may be necessary to take menopausal transition into
consideration in women. A longitudinal study [Poehlman et al.,
1995] in American women showed that the normal menopausal
transition decreased in REE by approximately 100 kcal/day
compared to premenopausal women. Thus, we also examined
whether the menopausal transition has any influence on REE
and various physical variabies in Japanese women.

Methods

Subjects

The subjects were 613 men and 564 women who
participated in the second wave examination of NILS-LSA
(National Institute for Longevity Sciences, Longitudinal Study
of Aging) from April 2000 to May 2001. They were age- and
sex-stratified random samples aged from 40 to 79 years and
living in the neighborhood of the NILS. Details of the NILS-
LSA have been described elsewhere [Shimokata et al., 2000].
Patients who had concomitant renal, hepatic or cardiac disease
or diabetes mellitus, or who were being treated with drugs such
as beta blockers, which could affect the variables of the study,
in particular REE, were excluded. Additionally, patients with
thyroid disease, assessed by careful clinical and laboratory
estimation (e.g., history of thyroid disease and level of free
thyroxine and free triiodothyrinine) were also excluded.
Subsequently, the numbers of subjects who took part in this
study were 451 men and 47! women. The subjects were
subdivided into two groups in each sex by age (middle-aged
group: 40 to 59 years and elderly group: 60 to 79 years). The
aim and design of the study were explained to each subject
befere they gave their written informed consent. The study was
approved by the Committee of the Chubu National Hospital.
All measurements were performed at the Chubu National
Hospital.

Anthropomerric variables

Body weight was measured to the nearest 0.01 kg using a
digital scale, height was measured to the nearest 0.1 cm using a
wall-mounted stadiometer, and BMI was calculated as weight
(kg) divided by height squared (m?). Circumference of the
waist was measured at the level of the umbilicus to the nearest
0.1 cm with the subjects in the standing position.

Resting energy expenditure (REE)

REE was estimated by a computerized, open-circuit, indirect
calorimetry system (V.. 29, SensorMedics) that measured
resting oxygen intake and resting carbon dioxide excretion
using a ventilated canopy. The subjects were asked to refrain
from all vigorous activity before the measurement. REE
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measurement was performed during the morning (between
9:00 and 12:00} after an overnight fast in a comfortable and
thermoregulated room with an examiner and a subject. After a
[5-minute steady-state period, values were recorded each
minute for 10 minutes, Twenty-four hour energy expenditure
due to REE was calculated using an equation derived by
Bursztein et al. [1989]:

REE (kcal/24 h)=[3.581 X VO, (L/min)+1.448
XVCO, (L/min)—0.002] X 1440 min

Body composition

Whole-body fat mass (FM), fat-free mass (FFM) and
percentage FM (%FM) were assessed by dual-energy x-ray
absorptiometry (QDR-4500, Hologic). Transverse scans were
used for the measurement of FM and FFM, and pixels of soft
tissue were used to calculate the ratio (R value) of mass
attenuation coefficients at 40 to 50 keV (low energy) and 80 to
100 keV (high energy), using software version 1.3Z.

Abdominal fat area

The IFA and SFA were measured at the level of the
umbilicus (L4-L5). All CT scans (SCT-6800TX, Shimadzu)
were performed with the subjects in the supine position. The
[FA and SFA were calculated using a computer-software
program (FatScan, N2 system) [Yoshizumi et al.,, 1999]. A
region of the SF layer was defined by tracing its contour on
cach scan, and the range of CT values (in Hounsfield units) for
fat tissue was calculated. Total fat arca was calculated by
delineating the surface with the mean CT value plus or minus
2 standard deviations. The IFA was measured by drawing a line
within the muscle wall surrounding the abdominal cavity. The
SFA was calculated by subtracting the amount of [FA from the
total fat area. The intra-class correlation for repeated IFA
determinations in our laboratory is 0.99, The IFA-to-SFA ratio
(ISR) was calculated.

Definition of peri- and postmenopausal women

Menopause is defined as the permanent cessation of
menstruation resulting from the loss of ovarian follicular
activity. Thus, the criterion to define the postmenopausal state
is the absence of menses for at least 12 months [Wich and
Carnes, 1995]. Perimenopausal women were defined as the
women who were not clearly diagnosed at the menopausal
state,

Data analysis

Values are expressed as mean¥standard deviation {(SD) in
the tables. Differences between age groups, or between sexes
were tested using the Student’s r-test. Relationships between
REE and age, the body fat distribution or anthropometric
variables were assessed by Pearson’s correlation coefficients.
Partial correlation coefficients adjusted for age, FM and FFM
were calculated to assess the relationships between REE and
WHR, waist circumference, hip ciccumference, IFA or SFA for



Table 1 Physical characteristics of the subjects by sex and age group

Okura, Tet al,

Men (n=451) Women (n=471) Sex difference
Middle-aged Elderly Middle-aged Elderly .
- 22; (=129) (n=23%) (n=238) Middle-aged Elderly
Heighs m 1.68+0.06 L63=0.1" 1.54+0.05 1.5020.1" Men>Women?  Men>Women?
Weight kg 65.1+9.2 59.6x82' 53.9+7.9 51.2x8.2 Men>Women®  Men>Women?
BM! kg/m® 23,1228 225+28° 2734 22832 NS NS
%FEM % 20.6+4.5 21443 303=50 It 748 Women>Men?  Women>Men?
FM kg 13.6+4.4 1293.8 16.6%4.6 16.5+4.7 Women>Men?  Women>Men’
FFM kg 514+60 46,755 37443 34743 Men>Women?  Men>Women®
REE keali24h 1414202 1284 + 198" 1144+ 186 1078 = 163" Men>Women® Men>Women®
REE/weight keall2d4 kg  21.7x3.1 214%30 21.1£3.0 21033 NS NS
REE/FFM kealiZéhikg  273%36 272215 30.4%3.9 30840 Women>Men?  Women>Men’
Waist em B4.4+78 84.0*8.0 81487 85.1x9.5* Men>Women® NS
Hip cm 93.3*5.1 90.5+4.7' 91.8%5.0 89.7+5.6' Men>Women® NS
Waist-to-hip ratio 0.90+0.05 0.93 £ 0.06 0.89+0,07 0.95 *0.07* NS N3
IFA cm? 86,1 £45.9 93.9+55.0 51.3x33.1 74.8x38.4% Men>Women® Men>Women®
SFA em? 109.5+46.8 1019414 160.5£66.3 166.2 634 Women>Men®  Women>Men?
IFA-to-SFA ratio 0.81 £0.37 0.93 040" 0.32£0.15 0.47x0.21" Men>Women®  Men>Women®

Values are given as mean=SD.

%FM: percentage of fat mass, FM: fat mass, FFM: fat-free mass, REE: resting energy expenditure, IFA: intra-abdominal fat area, SFA: subcutaneous fat

area,

' Significantly smalier than middle-aged group (p<<0.001).

! Gignificant difference between men and women (p<<0.001}.
Significantly smaller than middle-aged group {p<0.05).
Significantly larger than middie-aged group (p<0.001).
Significant difference between men and women (p<<0.01).
Significant difference between men and women (p<<0.05).
Significantly larger than middie-aged group (p<0.01).

- Tt A

each sex and age group. Additionally, the effect of the
menopausal transition on the body fat distribution or
anthropometric variables was assessed by an analysis of
covariance. In the analysis of covariance, we used age as the
covariate because a significant difference was observed in age
between pre- (45+5y) and post menopause (54%5y) in the
middle-aged women. Twenty perimenopausal women were
excluded from the analyses. In each statistical analysis,
probability values below 0.05 were regarded as significant.
Data were analyzed with the Statistical Analysis System {SAS)
release 6.12.

Results

Table 1 shows the physical and anthropometric
characteristics of the subjects. The results are presented by sex
and age, which indicate age and sex differences derived from
the Student’s r-test. REE was smaller in women or elderly
subjects compared to men and middle-aged, respectively.
Although no difference was found in REE divided by FFM
(REE/FFM) between the middle-aged and elderly groups, sex
differences existed in both the two age groups.

The possible role of the menopausal transition as a
confounding factor in the relationships between REE and body
fat distribution or physical variables was examined by analysis
of covariance using pre- (n=109) and postmenopausal women

(n=104) in the middle-aged group. Table 2 shows no
differences in REE (1121 kcal/24 h and 1141 kcal/24 h in pre-
and postmenopausal women, respectively), FM (16.4kg and
16.7kg), FFM (37.8kg and 36.9kg), WHR (0.88 and 0.89),
waist circumference (81.1 cm and 81.6 ¢m), hip circumference
(92.2cm and 91.2cm), IFA (51.7cm? and 51.5cm?) and SFA
(154.1cm? and 166.0 cm?).

Because no menopausal effect was found in REE or any
physical variables in the middle-aged women, the menopausal
transition was not taken into consideration in the following
analyses (Tables 3 and 4).

Table 3 shows the correlation coefficients of age, body
composition, body fat distribution and anthropometric
variables with REE. FFM had the highest correlation
coefficients (r=0.496 to 0.616) of all. REE did not correlate
with age in the elderly women or ISR in any of the groups.

Table 4 shows the partial correlation coefficients of the body
fat distribution (WHR, waist and hip circumferences) or
abdominal fatness (IFA and SFA) with REE adjusted for age,
FFM and FM. Table 4 indicates that the WHR, waist
circumference and SFA did not significantly (p>0.05)
associate with the REE after adjusting for FM, FFM and age in
any of the groups. Elderly men had a significant and inverse
correlation (r=-0.159, p<0.05) between the hip and REE.
IFA inversely correlated (r=-0.131, p<0.05) with the
adjusted REE in the elderly men. No association was found in
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Tabte 2 Comparison of resting energy expenditure, fat mass, fat-free
mass, waist-to-hip ratio, waist, hip, intra-abdominal fat area and
subcutaneous fat area between pre and postmenopausal women after
adjusting for age.

Premenopausal  Postmenopausal Group difference
REE keal2dh 1121166 1141175 NS
FM kg 16.4+4.5 16.7+4.7 NS
FFM kg 37844 36.9x4.6 NS
WHR 0.88%0.07 0.89+0.07 NS
Waist cm B1.1=8.6 §1.6+8.8 N§
Hip cm 92.2=5.1 gl.2+5.2 NS
IFA  om? 51.7x33.6 51.5x329 NS
SFA cm? 154.1>62.8 166.0+63.5 NS

Values are given as mean*SD.

REE: resting encrgy expenditure, FM: fat mass, FFM: fat-free mass,
WHR: waist-to-hip ratio, [FA: intra-abdominal fat area, SFA:
subcutaneous fat area.

Table 3 Correlation coefficients of age, body composition, fat
distribution and anthropometric variables with REE

Men Women

Middle-aged Elderly Middle-aged Elderly

Age -0215"  —0.204' —0.198' 0.005 NS
BMI 0.462% 0.430° 0.481* 0.458%
FM 0.369% 0.309* 0.409° 0.3822
FFM 0.496° 0.606? 0616 0.565%
Waist 0.411° 0.415° 0.405° 0.420?
Hip 0.432% 0.436 0.526? 0.4307
Waist-to-hip ratio 0.2442 0.286° 0.1822 0.270?
IFA 0.320° 0.219% 0.319? 0.247°
SFA 0.279% 0.295* 0.271° 0.303%
IFA-to-SFA ratio —0.002 N$ —0.011 NS 0.112NS  0.005NS

FM: fat mass, FFM: fat-free mass, IFA: intra-abdominal fat area, SFA:
subcutaneous.

I p<0.01.

? p<<0.001, significant relationship between REE and each variable.

Table 4 Partial correlation coefficients of resting energy expenditure
with body fat distribution and abdominal fatness after adjustment for
age, FFM and FM

Men Women
Middle-aged Elderly Middle-aged  Elderly
Waist-to-hip ratio o7 0.123 0.029 0.102
Waist 0.105 0.044 0.069 0.099
Hip —-0.057 ~0.159 0.054 —0.044
IFA -0.052 =0.133* —0.040 —0.067
SFA -0.03% —0.016 =0.090 0.002
IFA: intra-abdominal fat area, SFA: subcutaneous fat area.
! p=0.07.
1 p=0.06.

1 p<0.05, significantly correlate with REE.

the women or middle-aged men between REE and IFA or SFA.
Discussion

The purpose of the present study was to examine the
relationship of REE with the body fat distribution and the
abdominal fatness by sex and age group, and to confirm
whether the menopausal transition has an influence on REE,
body composition, the body fat distribution and the abdominal
fatness in Japanese women. REEs divided by FFM (see Table
1} of this study were near by those (unit is keal/24 h/kg, men:
28.4, women: 31.2-33.5, obese men: 29.2, obese women: 30.7)
in previous studies [Tataranni et al,, 1994; Weststrate et al,,
1990]. Table 3 shows that REE is strongly associated with
body composition (FM and FFM) and age except for in the
elderly women, which supports the findings of the previous
studies [Armellini et al, 2000; Karhunen et al., 1997;
Luhrmann et al., 2001; Neuhauser-Berthold et al., 2000]. Thus,
the REE adjusted for FFM, FM and age was used in this study.
The major findings were that: 1) the menopausa! transition did
not influence REE, body composition, body fat distribution or
abdominal fatness in Japanese women; 2) no relationship was
found between the waist circumference and REE in any
groups; 3) the hip circumference and IFA were negatively and
significantly associated with REE in the elderly men, which
indicates that the hip circumference and IFA are greater in the
subjects with lower REE.

Concerning the menopausal transition of the middle-aged
women, Poehlman et al. [1995] reported that natural
menopause was observed to be associated with reduced REE
in a 6-year follow-up longitudinal study. They also found that
this reduction was mainly attributable to a decrease in FFM
{Pochiman and Tchernof, 1998]. In the present study, as shown
in Table 1, REE and FFM decreased in parallel with aging.
Additionally, Table 2 indicates that body composition, body fat
distribution and abdominal fatness are not affected by the
menopausal transition when adjusted for age. That is, REE and
various physical variables were more strongly affected by
aging itself rather than by the menopausal transition, 1t is
probably for these reasons that no difference was found in REE
between the pre- and postmenopausal middle-aged women of
the present study.

WHR has been traditionally used as an index of upper-body
obesity {Armellini et al., 1992; Nicklas et al., 1995; Schutz et
al., 1992; Weststrate et 1990]. Weststrate et al. [1990] found
that REE adjusted for FFM and FM was positively associated
with WHR in a group of premenopausal ocbese women.
Tataranni et al. [1994] used the waist-to-thigh ratio (WTR) in
obese men and also observed a significant and positive
correlation between WTR and REE. Luhrmann ¢t al. [2001]
also found in elderly people that REE showed a significant
increase with increasing WHR. Armer [1995] observed that the
rate of lipolysis was refatively lower in the subcutaneous
femoral/gluteal region and higher in the abdominal region.
Therefore, the higher activity of the abdominal fat, e.g., the
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higher activity of the triglyceride-free fatty acid cycle could
explain the increased REE observed in men with upper-body
obesity [Tataranni et al., 1994]. In the present study, as shown
in Table 4, WHR tended to be higher in the middle-aged
(r=0.117, p=0.07) and elderly men (r=0.123, p=0.06) with
higher REE, which is likely to support the above reports.

However, WHR is no more than the ratio of the waist
circumference to the hip. That is, it is unclear as to what a
higher WHR means, larger waist circumference or relatively
smaller hip. More recently, several studies have demonstrated
that the waist circumference itself was also positively
associated with the prevalence of CHD risk factors [Rexrode et
al., 1998; Onat et al,, 1999; Gray et al., 2000]. Thus, it is
interesting to examine the relationships between the waist
circumference and REE. The results of this study indicate,
however, that no significant correlations exist between the
waist circumference and REE in any of the study groups,
which suggests that not all the subjects with larger waist
circumferences have higher REE.

Ravussin et al. [1988] observed that initial energy
expenditure negatively correlated with the rate of change in
body weight over a two-year follow-up period. In the United
States, obesity is more prevalent in African-Americans than in
Caucasians. Several investigators have studied the relationship
between obesity and REE using African-Americans and
Caucasians [Albu et al., 1997; Carpenter et al., 1998; Forman
et al., 1998; Foster et al.,, 1997). They found that African-
Americans had a lower REE than Caucasians, and that it may
be related to the differences observed in the prevalence of
obesity between African-Americans and Caucasians. In Pima
Indians, it was revealed that people with lower REE due to a
familial (genetic) factor had a higher prevalence of obesity
[Bogardus et al., 1986]. These findings may indicate that lower
REE leads to an increase in body weight. The results of this
study indicate that the hip was significantly and negatively
associated with REE in the elderly men, suggesting that
adipose tissue would be likely to be accumulated in the hip of
the subjects with lower REE.

As shown in Table 4, although IFA significantly and
negatively correlated with REE in the elderly men, neo
associations were observed between SFA and REE in any of
the groups. Armellini et al. [1992] reported that no difference
was observed in IFA between the highest and lowest quartiles
of REE adjusted for age and FFM. Leenen et al. [1992]
examined this without adjusting for FFM or FM and found that
an increase in IFA was positively correlated with a higher level
of REE in women but not in men, QOur observations are
inconsistent with these two findings because they did not
adjust REE for age, FFM or FM.

" In this study, significant associations between REE and hip
circumference or IFA were observed only in the elderly men.
Severa] reasons for the results should be mentioned. Physical
activity energy expenditure is the most variable component of
total energy expenditure in free-living individuals [Goran and
Poehlman, 1992] and decreases with age [Crespo et al., 1996).
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Correlations between REE and hip circumference or IFA may
be diminished by relatively larger variances of physical activity
energy expenditure in the middle-aged subjects compared to
the elderly. Although lower correlation coefficients of women
between REE and IFA may be partially explained by smaller
variances of those compared with men, detailed causes of the
differences could not be well explained in the current data.

In conclusion, our data show that REE is affected by age,
but not diminished by the natural menopausal transition m
Japanese middle-aged women. Lower REE may be closely
related to greater hip and IFA in elderly men.
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The possible association of the 190G—A (Val64Ile)
polymorphism of the CC chemckine receptor-2 gene
(CCR2) with bone mineral density (BMD} was exam-
ined in 2215 subjects (1125 men, 1090 women), all of
whom were community-dwelling individuals aged 40
to 79 years. Among men aged < 60 years, BMD for the
distal radius, lumbar spine, or Ward’s triangle was
significantly greater in those with the AA genotype
than in those with the GG or GA genotypes. For post-
menopausal women, BMD for the distal radius or
femoral neck was significantly greater in those with
the AA genotype than in those with the GG or GA
genotypes. In contrast, for men aged 2 60 years and
for premenopausai women, BMD was not associated
with the CCR2 genotype. These results suggest that
CCR2 may be a new candidate for a susceptibility
locus for bone mass in middle-aged men and post-
menopausal women.

CC chemokine receptor-2 (CCR2) is a receptor for monocyte
chemoattractant protein (MCP)-1 and closely related proteins
including MCP-2, -3, 4, and -5 [1]. MCP-1 is chemotactic for
monocytes and other leukocyte subsets. It is expressed in
osteoblastic cells and is induced during bone inflammation {2]
and developmentally regulated bone remodeling [3). The
recruitment of monocytes to bone induced by this chemokine
has been shown to be associated with an increase in the num-
ber of osteoblasts lining the bone surface; however, given that
MCP-1 did not directly induce DNA synthesis in osteoblas-
tic cells in wvitro, it likely promotes the proliferation of
osteoblastic cells in vivo by stimulating the production of
growth factors [4]. The fact that monocytes produce factors
that regulate bone formation or resorption, including platelet-
derived growth factor, interteukin-1, and tumor necrosis fac-
tor-a, suggests that the recruitment of these cells by MCP-1
is important in the regulation of bone remodeling [5].

CCR?2 also acts as a coreceptor for human immunodefi-
ciency virus type 1 [6]. A G—=A polymorphism at nucleotide
position 190 in CCR2, which resulis in substitution of
isoleucine for valine at amino acid position 64 in the first trans-
membrane domain of the protein, was shown to be associated
with delayed progression to acquired immunodeficiency

syndrome (7]. This polymorphism has also been associated
with sarcoidosis [8] and insulin-dependent diabetes mellitus
[9]. We have now examined whether the 190G—A (Val64lle)
polymorphism of CCR2 is assaciated with bone mineral den-
sity (BMD) in a population-based study.

The National Institute for Longevity Sciences-Longitudinal
Study of Aging (NILS-LSA) is a population-based prospective
cohort study of aging and age-related diseases [10]. We exam-
ined the association of the 190G—A polymerphism of CCR2
with BMD in 2215 participants (1125 men, 1090 women (277
premenopausal, 813 postmenopausal)), all of whom were com-
munity-dwelling individuals aged 40 to 79 years and were ran-
domly recruited from regions near to the NILS in central Japan.
The study protocol was approved by the Committee on Ethics
of Human Research of National Chubu Hospital and the NILS,
and written informed consent was obtained from each subject.

BMD at the radius was measured by peripheral quantita-
tive computed tomography (pQCT; Desiscan 1000; Scanco
Medical, Bassersdorf, Switzerland) and expressed as D50 (dis-
tal radius BMD for the inner 50% of the cross-sectional area,
comprising mostly cancellous bone), D100 (distal radius BMD
for the entire cross-sectional area, including both cancellous
and cortical bone), and P100 (proximal radius BMD for the
entire cross-sectional area, consisting mostly of cortical bone),
BMD for the lumbar spine (L2-L4), right femoral neck, right
trochanter, right Ward's triangle, and total body was meas-
ured by dual-energy X-ray absorptiometry (DEXA; QDR 4500;
Hologic, Bedford, MA). The coefficient of variance of the
pQCT and DEXA instruments for each BMD parameter was
<1%.

CCR2 genotype was determined with an automated, col-
crimetric, allele-specific DNA probe assay system (Toyobo
Gene Analysis, Tsuruga, Japan) [11). In brief, the polymor-
phic region of the gene was amplified by PCR with sense (5'-
GGTGCTCCCTGTCATAAATTTGA-3") and biotin-labeled
antisense  (5'-ACTTCAGCTTTTTIGCAGTTITATTAA-3")
primers. The reaction mixture (25 pl) contained 50 ng of
DNA, 5 prmol of each primer, 0.2 mM of each deoxynucleo-
side triphosphate, 2.5 mM Mg50,, and 1 U of DNA poly-
merase (KODplus; Toyobo, Osaka, Japan) in KODplus
buffer. The amplification protocol comprised initial denat-
uration at 94°C for 5 minutes; 35 cycles of denaturation at
94°C for 15 seconds, annealing at 55°C for 30 seconds, and
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