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Is Postmenopausal Bone Loss an Age-Related Phenomenon?
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Summary. Forearm bone mineral content (BMC),
an index of skeletal mineralization, and lean body
mass (LBM), an index of the muscle mass in the
body, were calculated in 574 healthy, white sub-
jects, aged 20-89 years. In women, there was no
significant change in BMC with age until the meno-
pause. Thereafter, a significant decline averaging
15% per decade was found up to the age of 70
years, after which it was 10% per decade. In men,
there was a significant overall decline of about 4%
per decade from the age of 20. When BMC was
corrected for LBM, the age-related fall in men dis-
appeared, while remaining without a significant
trend in premenopausal women. This was, how-
ever, not the case in women after the menopause,
where a significant decline of about 12% per decade
was noted. These data clearly demonstrate that the
major contribution to the well-known bone loss in
postmenopausal women is not a simple age-related
phenomenon. The development of osteoporosis
must be due to some additional bone-diminishing
effect on the female skeleton, most likely the ab-
sence of estrogen.

Key words: Bone mineral content — Lean body
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The measurement of forearm BMC by single
photon absorptiometry is a noninvasive and repro-
ducible method of in vivo estimation of the status of
skeletal mineralization [1-3]. This, as well as other
techniques, has been widely used to quantify the
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amount of bone and to establish bone mass as a
function of age [4, S]. Such methods have therefore
become important tools in the study of osteo-
porosis.

The significance of osteoporosis is the increased
risk of fracture, which at least in part must be due
to an imbalance between bone mass and soft tissue
weight. Both muscle [6-8] and bone mass [4, 5] de-
crease during normal aging, and these two variables
are known to correlate [7—9] though the decrease in
bone mass in perimenopausal women has been
shown to be independent of muscle mass [10]. Me-
chanical loading and exercise increases both
muscle and bone mass, whereas immobilization has
the opposite effect [11-14].

We examined the BMC and LBM values in a
large group of healthy, white subjects aged 20-89
years, to see if the age-related loss of bone and
muscles is parallel in both sexes.

Materials and Methods

Normal Subjects

The study comprised 350 healthy, white women and 224 healthy,
white men, aged 20-89 years. None of the participants had re-
ceived hormones, diuretics, or drugs known to interfere with
calcium metabolism. Research protocols were approved by the
local ethical committee. In accordance with the Helsinki IT Dec-
laration, all participants gave their consent after receiving thor-
ough information.

Bone mineral content (BMC) in the forearm, which is known
to correlate well with total body bone mineral [1-3], was mea-
sured by single photon absorptiometry (**’I). BMC was calcu-
lated as the mean of 12 scans (6 on each arm) on the distal part of
the forearm. The first scan site was selected as the most distal
position where the ulna and radius are separated by 8 mm, the
succeeding 5 scans being performed proximal to this site at in-
tervals of 4 mm. BMC was expressed in arbitrary units (dimen-
sion mass/unit length). This method has a high (1.2%) long-term
reproducibility in normal subjects [1] and BMC values correlate
to the dry defatted bone weight of forearm bone slices with an r
value of 0.98 [15]. The BMC was corrected for interference from
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Fig. 1. Relationship between bone mineral content (BMC) and age in 350 normal women (left) and 227 normal men (right).

fat in the subcutaneous tissue according to the method of Nilas
et al. [16].

The height and the body weight were measured, with the par-
ticipants wearing indoor clothes, but no shoes. The lean body
mass (LBM) was calculated according to the equations of Boddy
etal. [17]. LBM is an index of muscle mass in the body [16—18]
and, when calculated according to the Boddy equations, fits
LBM by dual photon absorptiometry [19, 20].

Statistical Evaluation

The significance of differences was determined by Student’s ¢
test for unpaired data and by one way analysis of variance. Re-
lations between variables were investigated by linear or expo-
nential regression analysis.

Results

The BMC values in the age span 20-90 years of the
female and male populations as a function of age
are given in Fig. 1. In the women there was no sig-
nificant change in BMC with age before the meno-
pause. Thereafter a significant decline in bone mass
was observed (r = —0.59, P < 0.001), the rate of
loss amounting to 15% per decade up to the age of
70 years. In the last two decades, 70-79 years and
80-89 years, the decline was approximately 10%
per decade. In the men there was a significant (r =
—0.41, P < 0.001) decline in BMC of about 4% per
decade from 20~90 years of age. In Table 1 the data
have been divided into age groups. One-way anal-
ysis of variance revealed highly significant differ-
ences among age groups within the sexes (women F
= 39.6, P < 0.00l; men F = 7.9, P < 0.001).
Figure 2 shows the BMC values divided by

LBM. This mode of calculation revealed moderate,
although not significant increases in bone mass rel-
ative to muscle mass in men throughout life and in
women before 50 years of age. This was not the
case in the women after the menopause where a
significant decline in BMC/LBM was noted. In the
age group 50—69 years, the rate of loss was 1.2%
per year (P < 0.01) and in the age group 70-89
years the loss was 0.8% per year (nonsignificant).
Using one-way analysis of variance in the age-di-
vided BMC/LBM data (Table 1), the differences
within the women were highly significant (F =
27.2, P < 0.001), whereas in the men the age-de-
pendent differences were small and not significant
(F = 1.4).

Division of the population (both men and
women) into two subsets according to the age de-
cades, and including the age decade group of 40-49
years in both subdivisions, revealed the following
pattern (analysis of variance Table 2): No difference
was found between the first three age groups re-
garding both BMC and BMC/LLBM in both men and
women. In the last four age groups there were
highly significant differences between the groups in
the women regarding both BMC and BMC/LBM.
In the men, however, the last four age groups dif-
fered significantly using BMC, whereas the differ-
ence disappeared after correction for LBM.

Discussion

In the present study, the data on men and on
women up to the age of 50 were described by
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Table 1. Bone mineral content (BMC) and bone mineral content corrected for lean body mass (BMC/LLBM) of women and men divided

into age groups

Subjects BMC BMC/LBM

Age group _—_—

(years) Women Men Women Men Women Men

20-29 75 44 99.6 = 12.3 142.5 + 17.9 97.8 £ 10.8 104.3 = 129
30-39 66 59 100.8 = 12.3 147.2 + 17.7 100.0 = 11.8 109.7 = 12.9
40-49 78 50 100.1 = 11.3 143.5 + 204 101.1 = 11.8 108.6 = 16.1
50-59 74 32 94.7 = 14.2 134.4 = 17.7 98.9 £ 15.1 110.8 = 16.1
60-69 37 23 77.0 = 15.7 136.9 + 243 81.7 £ 16.1 112.9 = 18.3
70-89 20 16 66.7 + 14.7 115.5 = 20.6 71.0 = 18.3 106.5 = 12.9

All values are calculated as a percentage of the mean value in the 20-49-year-old women = 1 SD.
In all age subgroups the difference between women and men is significant for both BMC and BMC/LBM (P < 0.001)
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Fig. 2. Relationship between bone mineral content (BMC) corrected for lean body mass (LBM) in 350 normal women (left) and 227

normal men (right).

means of linear regressions. The bone mineral loss
in women after age 50 has in previous studies been
assumed to be linear [21], quadratic {22], or more
or less complex exponential function {22, 23]. In
this study, the data were fitted by a simple expo-
nential regression (Figs. 1 and 2). However, for
practical reasons we have chosen to interpret the
female data in the age groups 50-69 years and
70-89 years by means of two linear regressions in-
stead of an exponential regression.

Our study comprised a large sample of healthy
white adults. The forearm BMC measurement was
used which has been shown to give a valid estimate
of the total mineral content of the skeleton [1-3].
The mean menopausal age in this population is 51.4
years [24]. For practical purposes it is therefore
reasonable to consider the women of our sample

over 50 years of age as postmenopausal. In women,
the raw BMC values were stationary before the age
of 50. The marked decline in BMC found in the
women over 50 years is well known [4, 5, 25, 26].
The relatively moderate fall observed in the 50 to
59-year-old age group is probably caused by the
fact that some of the subjects have not yet reached
the menopause, and therefore have a relatively
slow bone loss. The significant fall in between the
60—-69 and 70-89 subgroups may reflect the so-
called senile osteoporosis [27]. The mechanism of
sensecent bone loss has been postulated to differ
from that in the postmenopausal period. In the
former, a major pathogenetic factor is thought to be
simple aging of bone cells [27], whereas most evi-
dence points towards falling estrogen production as
the direct cause of bone loss related to the early
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Table 2. Analysis of variance on bone mineral content (BMC)
and bone mineral content corrected for lean body mass (BMC/
LBM) in 350 women and 224 men divided into six age groups by
decades

Decade groups: Decade groups:

20-29, 30-39, 40-49, 50~59,
and 40-49 60-69, and 70—89
Men BMC F= 094 n.s. F= 7.60 P<0.001
BMC/LBM F = 1.99 n.s. F= 0.64 ns.
Women BMC F=0.18 n.s. F = 48.31 P < 0.001

BMC/LBM F = 1.63 n.s. F = 34.73 P < 0.001

The difference between the first three age groups. and the differ-
ence between the last four age groups are tested separately by
one-way analysis of variance

F = variance ratio; n.s. = not significant

postmenopausal years [26-28]. The findings by re-
gression analysis were supported by the divided
analysis of variance. In men, the BMC data
throughout all ages were fitted by one linear,
slightly falling slope, whereas the divided analysis
of variance indicated stationary values before age
50 and a falling tendency thereafter.

LBM is a measure of the muscle mass [6, 16],
one of the body components known to decline
throughout life in man [6]. Correction of BMC with
LBM is therefore at least partly an expression of
the status of bone mineralization corrected for the
physiological, age-related decline. Some of the age
and sex characteristics indicated by the raw BMC
data were changed when the BMC/LBM data were
applied. In premenopausal women and men, the
change in bone mass occurred parallel to a change
in muscle mass as reflected by the lack of trends of
BMC/LBM. A difference of almost 30% was found
between the raw BMC values of the women up to
age 50 and those of the men. When corrected for
LBM, this difference was reduced to less than 10%.

In the postmenopausal women, the changes in
BMC did not parallel the changes in LBM (Fig. 2,
Table 1 and 2). A significant decline in BMC/LBM
was seen after age 50, and at the age of 60, when
wrist fractures are common [26], the fall was con-
siderable. The decrease in BMC/LBM even con-
tinued in the 70- and 80-year-old women, a de-
crease that is concomitant with the increasing frac-
ture risk found in this group [26].

Endogenous creatinine clearance (ECC), like
muscle mass, shows a steady decline with age [29],
and correction of BMC with ECC would, therefore,
in much the same way as correction with LBM,
give an expression of BMC corrected for age-re-
lated changes. We have corrected the present BMC
data with age- and sex-matched ECC data from a
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study on a similar Danish population [29], and the
picture was exactly the same as that found with
BMC/LBM: no decline and a parallel course in the
premenopausal women and the men, and a signifi-
cantly negative slope in the postmenopausal
women, with BMC/ECC decreasing with age.

Although the results of this study seem rather
valid, one should bear in mind that they are ob-
tained from a skeletal site with mainly cortical
bone. Other investigators have found slightly dif-
ferent results, indicating that significant trabecular
bone loss occurs from the central skeleton prior to
the menopause [30-32]. We have recently pub-
lished work demonstrating a generalized and par-
allel bone loss from all skeletal regions in the early
menopause [33].

Our results clearly show that correction of BMC
values for the age-dependent variable LBM was
able to abolish the age-related change in men, but
not in women over 50 years of age.

We therefore conclude that the bone loss in post-
menopausal women cannot be explained as being a
simple age-related phenomenon. Our data clearly
demonstrate that the major contribution to this
well-known loss must be an additional negative ac-
tion on the skeleton, which is generally agreed to
be estrogen deficiency resulting from declining
ovarian function.
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