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ORIGINAL ARTICLE

Muscle mass and bone mineral indices: does the
normalized bone mineral content differ with age?
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Exercise Program, National Institute of Health and Nutrition, Tokyo, Japan; *Faculty of Sport Sciences, Waseda University,
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Objective: To investigate the relationships between regional skeletal muscle mass (SM mass) and bone mineral indices and to
examine whether bone mineral content (BMC) normalized to SM mass shows a similar decrease with age in young through old
age.

Subjects/Methods: One hundred and thirty-eight young and postmenopausal women aged 20-76 years participated in this
study and were divided into three groups: 61 young women, 49 middle-aged postmenopausal women and 28 older
postmenopausal women. Muscle thickness (MTH) was determined by ultrasound, and regional SM mass (arm, trunk and leg)
was estimated based on nine sites of MTH. Whole-body and regional lean soft tissue mass (LSTM), bone mineral density (BMD)
and BMC (whole body, arms, legs and lumbar spine) were measured using dual-energy X-ray absorptiometry.

Results: Ultrasound spectroscopy indicated that SM mass is significantly correlated with site-matched regional bone mineral
indices and these relationships correspond to LSTM. The BMC and BMD in older women were significantly lower than those in
middle-aged women. When BMC was normalized to site-matched regional SM mass, BMC normalized to SM mass in arm and
trunk region were significantly different with age; however, whole-body and leg BMC normalized to SM mass showed no
significant difference between middle-aged and older postmenopausal women.

Conclusions: The age-related differences in BMC were found to be independent of the ageing of SM mass in the arm and trunk
region. However, differences in BMC measures of the leg and whole body were found to correspond to age-related decline of
SM mass in postmenopausal women.

European Journal of Clinical Nutrition (2009) 63, 465—472; doi:10.1038/sj.€jcn.1602977; published online 23 January 2008
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Introduction et al., 2002) and muscle mass (Pluijm et al., 2001; Szulc et al.,
2005; Walsh et al., 2006) are associated with site-matched

Fractures in the elderly are associated with the loss of bone bone mineral indices, that is, BMD or bone mineral content

mineral density (BMD) and an increased risk of falls (Pfeifer
et al., 2004). Femoral neck and lumbar fractures are especially
common problems in the elderly and can have a devastating
impact on their ability to remain independent. Many
investigators have shown that muscle strength (Gleeson
et al., 1990; Peterson et al., 1991; Blain et al., 2001; Sinaki
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(BMC). The greater rates of age-related loss of skeletal muscle
mass (SM mass) occur in the legs and lower trunk regions,
while only moderate losses occur in the upper trunk and arm
regions (Reimers et al., 1998; Kanehisa et gl.,, 2004). These
regions correspond to the segments where fractures occur
frequently. However, it is not sufficiently clear whether the
age-related decrease of regional SM mass (for example, arm,
leg and trunk region) affects the age-related decline of bone
mineral indices in postmenopausal women.

According to Schiessl et gl. (1998), more bone mass
is accrued per lean body mass after puberty in girls than
in boys. It has been speculated that this bone mass is
not mechanically needed and serves as a surplus for
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reproduction. Schonau (2004) has repeated this finding in
more depth in a series of papers based upon the forearm, but
other authors (Ferretti et al., 2000; Rittweger et al., 2000)
were unable to detect the surplus bone in the lower body.
The accelerated bone loss observed around menopause is
predominantly due to oestrogen deficiency (Kassem et al.,
1996). The phase of rapid bone loss normally lasts 4-8 years,
and after this period, age-related bone loss is considered to
occur in women.

Although the dual-energy X-ray absorptiometry (DXA)
method can be used to accurately estimate SM mass
(appendicular muscle mass), it is not capable of accurate
distinguish of SM mass from the trunk region. Ultrasound
muscle thickness (MTH) has been widely employed for
accurate measurement of SM size in vivo (Kawakami et al,,
1993; Abe et al., 1997; Reimers et al., 1998), and previous
studies have shown it to be highly reliable and valid in
measuring MTH (Kawakami et al., 1993; Reimers et al., 1998).
These characteristics make ultrasound a useful alternative to
other more expensive imaging methods for assessing
changes in SM mass. Moreover, ultrasound-derived predic-
tion equations can accurately estimate the regional SM mass
involving the measurement of arm, leg and trunk muscles
(Sanada et al., 2006).

The present cross-sectional study investigates the relation-
ships between regional SM mass and bone mineral indices,
and examines whether regional BMC normalized to SM mass
shows a similar decrease with age in young subjects through
old age.

Methods

Subjects
One hundred and thirty-eight young and postmenopausal
women aged 20-76 years participated in this study and were
divided into three groups: 61 young women (YW: 23.7 £ 0.5,
20-39 years), 49 middle-aged postmenopausal women
(MW: 58.3 £0.6, 40-64 years) and 28 older postmenopausal
women (OW: 70.3+0.7, 65-76 years). The NASA/JSC
physical activity scale, a questionnaire method, was used to
survey the subject’s physical activity (Ross and Jacson, 1990).
This scale was developed to provide an assessment score of
0-7 on a person’s level of regular physical activity. There are a
series of eight statements about routine physical activity.
None of the subjects smoked and they were not taking
any medications, such as B-blockers, steroids or hormone
replacement therapy. The subjects involved in this study
were both sedentary and active women. Active young
women participated in continuous aerobic exercise for at
least one session per week for 1h per session. Active
postmenopausal women participated in a swimming
programme for at least two sessions per week for 1h per
session. However, they were not highly trained athletes.
The purpose, procedures and risks of the study were
explained to each participant prior to inclusion, and all
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subjects gave their written informed consent before partici-
pating in the study approved by the Human Research
Committee of the National Institute of Health and Nutrition.
The study was performed in accordance with the guidelines
of the Declaration of Helsinki.

Whole-body DXA

Lean soft tissue mass (LSTM), fat mass, BMC and BMD were
determined for the whole body using DXA (Hologic QDR-
4500A scanner; Hologic, Waltham, MA, USA). Subjects were
positioned for whole-body scans according to the manufac-
turer’s protocol. Participants lay in the supine position on the
DXA table with the limbs close to their bodies. The bone
densitometer delivers a very low dose of radiation (1.5mR
for the whole body) using quantitative digital radiography.
Daily DXA calibration of phantoms showed a coefficient of
variation of 0.35% for BMD over the past 156 measurement
points. The whole-body BMC and LSTM were divided into
several regions, that is, arms, legs, trunk and head. The body
compositions were analysed using manual DXA analysis
software (version 11.2:3). The arm region was defined as the
region extending from the head of the humerus to the distal
tip of the fingers. The reference point between the head of the
humerus and the scapula was positioned at the glenoid fossa.
The leg region was defined as the region extending from the
inferior border of the ischial tuberosity to the distal tip of
the toes. The whole body was defined as the region extending
from the shoulders to the distal tip of the toes. To minimize
inter-observer variation, all scans and analyses were carried
out by the same investigator, and the day-to-day coefficient of
variations of his observations were 0.72% for BMD, 2.95% for
LSTM and 6.98% for fat mass in the whole body.

Blood samples

Before all measurements, fasting (>12h) blood samples
were collected by venipuncture in EDTA-containing tubes,
refrigerated immediately and centrifuged at 1500r.p.m.
for 30min at 4°C within 2h. Serum samples from each
participant were stored frozen at —20°C. Estradiol was
assessed by radioimmunoassay (Amersham Biosciences,
Piscataway, NJ, USA). In postmenopausal women, meno-
pausal status was confirmed by concentrations of estradiol
less than 20 pgml™*, In this study, estradiol concentrations
were 11.4+0.3pgml™? (range of 10.0-17.0pgml~Y) in MW
and 11.8+0.4pgml™* (range of 10.0-16.0 pgml™!; Table 1)
in OW. Serum intact osteocalcin was measured with a
sandwich enzyme immunoassay that uses polyclonal anti-
bodies against 20 N-terminal residues (amino acids 1-20) and
against seven C-terminal residues (amino acids 43-49; MBC,
Tokyo, Japan). The inter- and intra-assay coefficient of
variations for the estradiol and osteocalcin were <10%.

Ultrasound MTH and measurements
Muscle thickness determined by B-mode ultrasound was
assessed at nine sites on the anterior and posterior surfaces of



