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Abstract The aim of this study was to measure bone
mineral density (BMD) in healthy people and examine
the influence of age, anthropometry, and postmeno-
pause on calculated bone mineral apparent density
(BMAD). The study included 541 healthy subjects (249
men and 292 women), aged 20 to 79 years. Anthropo-
metric measurements included height, weight, and body
mass index (BMI). Bone mineral content (BMC) and
areal BMD were measured at the lumbar spine and
proximal femur, using dual-energy X-ray absorptiome-
try (DXA). The calculation of volumetric density relied
on the formula BMAD=BMD/�BA (where BA =
bone area). Association between densitometric parame-
ters and age, height, weight, and postmenopause was
analyzed with multiple regression. BMC and BMD de-
creased with age, especially in postmenopausal women.
The average annual bone loss in spine was 0.2% in both
sexes, whereas femur loss was 0.5% in men and 0.3% in
women. Bone area slightly increased with age in both
sexes, and BMD loss after the age of 50 could be
attributed to bone area increase. To minimize the effect
of bone size on bone density, volumetric density and
areal density were regressed to age, anthropometry, and
postmenopause. Age and postmenopause were signifi-
cantly associated with BMD and BMAD in the spine
and femur. Furthermore, BMD showed a stronger
association with height and weight than BMAD, in both
regions. Weaker association of body height and weight
with BMAD than with BMD suggests that BMD
depends on the bone size and body size and that the

different BMDs could be the consequence of the differ-
ence in those parameters.
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Introduction

Bone mass is determined by many factors including age,
sex, body size, ethnicity, and behavioral factors. Anal-
ysis of the extent to which all of these factors contribute
to bone mineral density (BMD) and age-dependent bone
loss is important in predicting fracture incidence as the
most important consequence of osteoporosis. Several
studies have presented bone mineral density reference
data for adults [1, 2, 3, 4, 5, 6]. Ethnic and geographic
variations are usually well recognized. However, the
different recruitment of study population and different
techniques for BMD measurement can make compari-
son between populations less clear. Dual-energy X-ray
absorptiometry (DXA) is the dominant method for
evaluating bone mineral status. It measures areal BMD.
Although BMD is a measurement of choice, it is influ-
enced by body size and does not represent true volu-
metric density. In order to reduce the effect of bone and
body size on area BMD measurement, several estimates
of volumetric bone density have been proposed. Those
parameters are less sensitive to differences in skeletal size
than BMD [7, 8].

This study had three objectives. The first was to
measure the BMD in healthy Croatians and compare the
results with those from other countries. The second was
to calculate bone mineral apparent density as an esti-
mation of volumetric density which reduces the effect of
body size on bone mass. The third objective was to as-
sess the influence of age, body size, and postmenopause
on densitometric parameters.
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Methods

Subjects

The selection of the participants was partly performed from the
local hospital and institute staff and their friends and relatives
(36.4%). We also analyzed the database records of men and women
who had been referred to densitometry at the Institute’s Center for
Osteoporosis, in the period from 1992 to 1998. The exclusion cri-
teria were diseases affecting bone metabolism (hyperparathyroid-
ism, hyperthyroidism, Paget’s disease, renal or hepatic failure, and
chronic gastrointestinal disease), prolonged immobilization, previ-
ous atraumatic fracture, and present or previous therapy with
estrogen, corticosteroids, or thyroxine. Of 228 persons who were
invited and agreed to participate in the study, 192 passed the
exclusion criteria. Each subject was interviewed by the physician to
obtain information about age, menopause (women), diseases,
fracture history, and drug therapy.

Total study population comprised 541 subjects (249 men and
292 women). The mean age of men was 49.3 ± 13.5 years and of
women 51.0 ± 10.1 years.

Measurements

Body height and weight were recorded. BMD (g/cm2) at the
lumbar spine (L2–L4) and proximal femur was measured using a
Lunar DPX (Madison, WI). BMD of the femur was expressed as
the mean of the BMD values for the femoral neck, Ward’s tri-
angle, and trochanter. Bone mineral content (BMC; g) and bone
area (BA; cm2) were calculated using the original software of the
densitometer. Volumetric, three-dimensional approximation of
bone density, called bone mineral apparent density (BMAD; g/
cm3) was calculated by dividing the bone mineral density in spine
or femur by the square root of the spinal or femoral bone
area [7]. Osteoporosis was diagnosed using WHO crite-
ria(T-score lower than )2.5 standard deviations was defined as
osteoporosis) [9].

Daily quality control was managed by performing calibra-
tions with a machine-specific phantom. The in vitro coefficient of
variation for BMD, calculated on a spine phantom, was 0.31.
The in vivo coefficient of variation was obtained by scanning
lumbar spine and proximal femur 10 times on one healthy vol-
unteer. The coefficient was 1.36% for the spine, 1.87% for the
femoral neck, 3.64% for Ward’s triangle and 2.01% for the
trochanter.

Statistical analysis

Results are expressed as means ± standard deviation. Differences
in means between men and women, between subjects with oste-
openia/osteoporosis and those with normal BMD values were
tested by Student’s t-test. The effect of age, height, weight, and
duration of postmenopause on BMD and BMAD was tested with
multiple regression analysis. The value p<0.05 was considered
significant in all statistical tests.

Results

Table 1 shows bone mineral content, area of measure-
ment, and bone mineral density in the spine and the
proximal femur for men (A) and women (B) by decades.
Men had a relatively stable spinal BMD at the age of 20
to 30 years. BMD in femur was the highest at age of
20 years. Separate analysis of 20- to 80-year-old men
showed a continuous, although nonsignificant decline in
BMD in both regions. Women had significantly lower
BMD in spine after the age of 40 years (p<0.05) and
nonsignificantly higher values after the age of 60 years.
Femur BMD in women showed continuous but non-
significant decline from age 40 to 70 years.

Spinal osteoporosis was found in 4% of men, as was
femoral ostreoporosis, while 4% of women had spinal
osteoporosis and 6% had femoral osteoporosis.

Figure 1 shows the changes in BMD, BMC and bone
area by 10-year age groups. The differences in all three
parameters were calculated between the youngest and
the oldest age groups. In men, the spine region showed a
significantly lower BMD (p<0.0001) and higher bone
area (p<0.01). BMD changed mostly until the age of 50,
from which point it plateaued in older age groups. Ap-
proximately 60% of the difference in spinal BMD be-
tween the youngest and oldest age groups ()11.4%) may
be attributed to the difference in the bone area (+7.5%)
and 40% to the difference in BMC ()4.5%). The dif-
ference of BMD and BMC of the femur between the
youngest and oldest age groups was significant

Table 1 Bone mineral content
(BMC), bone area, and bone
mineral density (BMD), in
spine and femur in 10-year age
groups

Age Number L2–L4 Proximal femur

BMC (g) Area (cm2) BMD (g/cm2) BMC (g) Area (cm2) BMD (g/cm2)

Men
20–29 20 61.77±14.76 49.01±8.60 1.263±0.050 8.95±1.53 7.95±0.57 1.129±0.149
30–39 32 63.28±14.89 50.39±6.42 1.256±0.164 7.89±3.50 8.09±2.34 0.974±0.116
40–49 48 60.80±10.15 50.80±6.00 1.195±0.123 8.05±1.46 8.83±1.13 0.899±0.161
50–59 55 58.11±14.16 51.53±4.80 1.123±0.191 7.59±2.36 8.23±1.08 0.910±0.158
60–69 56 58.46±12.11 52.43±5.13 1.115±0.102 7.21±2.07 8.19±1.36 0.879±0.127
70–79 38 59.44±12.39 53.46±3.71 1.119±0.108 7.14±1.64 8.69±1.94 0.817±0.174
Total 249 60.31±13.07 51.27±5.77 1.178±0.123 7.80±2.09 8.33±1.40 0.934±0.148

Women
20–29 27 49.79±8.70 42.42±5.97 1.176±0.079 5.15±1.51 5.85±1.28 0.873±0.205
30–39 41 51.32±7.36 43.23±3.97 1.189±0.115 5.83±1.43 6.61±1.26 0.881±0.122
40–49 53 48.53±8.68 42.22±4.24 1.150±0.137 5.29±1.06 6.28±0.86 0.836±0.132
50–59 68 46.07±9.34 42.61±3.69 1.079±0.159 5.10±1.39 6.26±1.14 0.810±0.189
60–69 62 42.96±9.98 42.49±4.80 1.006±0.198 5.20±1.34 6.90±0.95 0.752±0.148
70–79 41 42.36±8.39 41.41±5.13 1.028±0.230 4.93±1.38 6.88±1.40 0.724±0.141
Total 292 46.83±8.74 42.39±4.63 1.104±0.153 5.25±1.35 6.46±1.14 0.812±0.156

296



(p<0.0001 for BMD, and p<0.01 for BMC), while the
difference of bone area (+8%) was nonsignificant.
Therefore, the difference in BMC contributed to about
70% of difference in BMD in femur ()27.6%).

In women, BMD and BMC differences in spine were
the biggest between the age groups of 40 and 60. There
was a slight change in spinal bone area ()2.5%) between
the youngest and the oldest age groups, while the
changes of BMC and BMD were significant (p<0.01).
There was an increase of BMC and bone area of the
femur in women aged between 20 and 30. Later age
groups showed similar BMD and BMC curves, while the
bone area significantly increased in the age groups older
than 50 (p<0.01) and contributed significantly (85%) to
the difference of BMD in femur ()17.0%; p<0.001).

Subjects with normal BMD had a significantly higher
body height (p<0.05 men; p<0.001 women) and weight
(p<0.05) than those with osteopenia and osteoporosis
(T-score <)1) (Table 2). Significantly smaller spinal bone
area was found in subjects with osteopenia and osteopo-
rosis (p<0.05, men; p<0.0001, women). In the femur,
that difference was significant only in women (p<0.01).

The associations of BMD and BMAD with age,
height, weight, and duration of postmenopause were

assessed using the regression analysis (Table 3). Age was
significant for the spine and femur BMD and BMAD in
both sexes. The average annual bone loss in men was
0.2% in the spine and 0.5% in the femur. In women, the
average loss rate was 0.2% in the spine and 0.3% in the
femur. Height was significant for the spinal BMD in
both sexes and for the BMD of the femur in men
(p<0.05). Weight showed stronger association with
BMD, than with BMAD, in both regions. The duration

Fig. 1A, B Differences in BMC,
area, and BMD, in the spine
and proximal femur, between
age groups, in men (A) and
women (B)

Table 2 Anthropometrics of the study subjects according to BMD
status

T-score Number Height (cm) Weight (kg)

Men
>)1.0 172 175.7±6.9a 81.9±10.9a

£ )1.0 77 173.8±6.7 79.1±8.7
Total 249 174.4±6.8 80.1±9.7

Women
>)1.0 178 164.6±5.3b 70.0±11.3a

£ )1.0 114 161.8±7.4 67.2±10.5
Total 292 163.3±6.1 68.3±9.9

ap<0.05, normal BMD status vs osteopenia and osteoporosis
bp<0.001, normal BMD status vs osteopenia and osteoporosis
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of postmenopause significantly correlated with BMD
and BMAD in spine and with the BMD in femur, al-
though that significance was weaker than for weight.
Postmenopausal annual decrease in BMD, calculated by
dividing the total bone loss in the spine (12.5%) and
femur (17.0%) by the mean duration of postmenopause
(9.5 + 7.5 years), was 1.3% in the spine and 1.8% in the
femur.

Discussion

In this study, we presented the bone mineral density in
healthy Croatians and adjusted those values for appar-
ent bone volume. Croatia is a southeastern European
country on the Adriatic sea. Approximately 60% of the
population is urban [10]. Data show that 34.1% men
and 26.6% women are regular smokers, while regional
differences have been observed with respect to alcohol
consumption and diet. Milk and cheese consumption is
more frequent in coastal Croatia (more than twice a
week in 64.6% of the population vs in 41.7% of those in
the capital, Zagreb) [10].

Most studies on BMD normative data were based on
random population samples [3, 4, 10, 11, 12, 13, 14]. But
there are also several studies which have not been based
on a random population sample [1, 2, 5, 15, 16]. We
decided to include healthy people from the Croatian
population and to apply exclusion criteria to identify a
more homogenous subset of that population. Nonran-
dom selection could result in inclusion of subjects who
had already complained about bone problems or men-
opause, which can influence and depress the mean
BMD. But in our study, subjects with atraumatic frac-
tures, diseases, therapy, or other risk factors which
interfere with bone metabolism, were excluded. We
found that our values were similar to those reported in
England [5] and Germany [3]. Many studies included
only a female population [1, 2, 4, 16] or only one site of
measurement (spine or femur) [3, 5, 16, 17]. In addition,
different sample procedures and different sample sizes
were used in different studies. The North American
BMD values for women, reported by Mazess and Bar-
den [1], are significantly higher in the femur and
approximately 2.0% higher in the spine than in our

women (+12.5%). In contrast, the Rancho Bernardo
study [6] of men and women older than 50 years showed
a significantly lower spinal BMD than did our study, in
women of the same age, while BMD was significantly
higher in proximal femur and male population of the
same age. BMD values in our study are higher than
those of Swedish women [4] or Japanese women and
men [15]. As Guglielmi proposed [18], due to geographic
variations in bone density and interscanner variability,
BMD data should ideally be obtained locally in accor-
dance with similar studies from other countries [19, 20,
21, 22]. BMD decreased by age in both regions and in
both sexes. Although this partly reflects the expansion of
the projected skeletal area, it was mostly due to the
decreased BMC. A similar pattern of area and BMC
changes was observed in the United States [1] and in the
United Kingdom [5]. A relatively large increase in the
projected area was obvious in the proximal femur, and it
significantly correlated with age. Mazess and Barden [1]
reported that 42% of the area of the total femur prox-
imal region was located in the trochanteric region;
Ward’s triangle and the neck area kept relatively con-
stant with age, while the trochanter area showed an
increase with age, reaching its peak at the age of
50–59 years. This is similar to our results for women.

Regression analysis showed that body weight was
significantly associated with BMD and BMAD. Other
studies also showed the importance of considering body
weight in evaluation of osteoporosis [23, 24]. Mazess and
Barden proposed that body weight be used as an indi-
cation for bone densitometry in asymptomatic subjects
[1]. The dependence of BMD on bone and body size was
corrected by calculating BMAD as a more accurate
indicator of volumetric density [7]. When BMD and
BMAD were regressed against age, height, weight, and
postmenopause, we found that the areal density corre-
lated more with anthropometric predictors than with
volumetric density. Other studies also found that
BMAD was less dependent on body size than BMD [7,
24, 25, 26]. It became obvious that the differences in
bone density between subjects with normal BMD and
those with osteopenia and osteoporosis could be the
consequence of smaller bone areas and smaller bones.
Therefore, we may presume that small bones are a risk
factor for osteoporosis. Measuring the true volumetric

Table 3 Relationship between age, height, weight, and years since menopause, to BMD and BMAD in spine and proximal femur. BMD
bone mineral density, BMAD bone mineral apparent density

Spine Proximal femur

BMD BMAD BMD BMAD

Men Women Men Women Men Women Men Women

Age )0.381a )0.231a )0.468b )0.226a )0.517b )0.276b )0.271d )0.201c

Height )0.318d )0.090d )0.164 )0.027 )0.288d )0.043 )0.084 )0.064
Weight 0.504b 0.275b 0.415a 0.225c 0.356c 0.272b 0.035 0.192b

Years since menopause - )0.167c - )0.228d - )0.151d - )0.021

ap<0.001; bp<0.0001; cp<0.01; dp<0.05

298



bone density could improve the accuracy of predicting
the risk for fracture.

However, although the BMAD is less dependent on
height, it does not always seem to be superior to BMD in
distinguishing between normal and osteoporotic patients
[25, 27]. BMAD is an approximation of the real volu-
metric bone density and it seems that it increases the
effect of larger bone sizes [28]. Therefore, the BMAD
values could be lower than volumetric bone density
measured with QCT. Mazess et al. [29] suggest that
BMD still remains superior to its alternatives, which
diminish the dependence of BMD on bone area and
body size.

As the number of subjects included in this study was
relatively low, we may conclude that our data are only
an anticipation of a normative Croatian database.
Furthermore, as the subjects were not selected at ran-
dom from the population census data, selection bias
could not have been eliminated. A comparison with
other BMD studies which have used a different selec-
tion of subjects, and different sizes of study samples,
measurement techniques, and statistical models, sug-
gests that our BMD data are similar to those from
countries of central and western Europe. As expected,
men had a higher BMD than women, who in turn
showed a significant BMD decrease in the 5th decade
of their life. Thanks to BMAD, which minimized the
effect of body size on the bone mass, we were able to
infer that the differences in the bone mass between
subjects could be due to differences in bone areas and
bone sizes.

The prevalence of osteoporosis in our population was
based on the manufacturer’s (NHANES) data, which
might have led to a more frequent diagnosis of osteo-
porosis in men. As an illustration of this, Lehmann
et al., relying on manufacturer’s reference range, found
that 10% of men were below the –2.0 SD limit, instead
of the expected 2.2% [3]. We also found that the average
bone loss rate in the femur was higher in men than in
women. We may assume that the differences between
men and women in lifestyle (30.8% of men and 17.3% of
women were smokers; 21.4% of men and 3.6% of wo-
men were regular alcohol consumers) and sample sizes
could have played a role. The most likely reason is a
cohort effect, in that one cohort and not the other
experienced an unknown effect, which is the reason for
biases in many studies.

In conclusion, this study showed that BMD data for
Croatians closely resemble that from other European
studies. In addition, we showed that the estimated vol-
umetric mineral density minimized the confounding ef-
fects in differences in bone size resulting from differences
in age, height, and weight, and that it was a better
indicator of true bone density and bone strength than
areal bone density.
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