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Abstract:

Background: Osteoporosis is a skeletal disorder
characterized by compromised bone strength
predisposing to an increased risk of fracture. It is a
major public health problem throughout the world.
The social and economic burden of osteoporosis is
increasing steadily because of the aging of the
world population. Osteop orosis is frequently only
diagnosed after the first clinical fracture has
occurred. Consequently, therapy is often aimed
at preventing further fractures. It is therefore important
to assess individual osteoporosis risk early enough
to prevent the first fracture. Trace elements,
including copper, are essential for normal growth
and development of the skeleton in humans and
animals. The role of copper in bone metabolism
can be linked primarily to the Cu-dependent
enzyme lysyl oxidase, for which copper acts as
a cofactor. Lysyl oxidase is required for the
formation of lysine-derived cross-links in collagen
and elastin. The aim of this study was to estimate
the plasma copper level in a group of healthy
elderly female, and to compare it with bone mineral
density BMD of the same group, using dual energy
X-ray absorptiometry DEXA to assess if serum copper
could potentially be developed into a simple, cheap,

and radiation-free screening method for osteoporosis.
Subjects & Methods: This study was conducted
on thirty female subjects divided into two groups;
the first consisted of ten healthy control female
subjects below the age of 60 years. The second
group consisted of twenty healthy female subjects
60 years old and older. Serum copper, serum
albumin and total serum calcium levels were
assessed in all subjects. Bone mineral density
using DEXA scan was done for all subjects.
Results: The serum copper showed significant
increased level in the elderly female subjects
compared with the younger subjects (p = 0.035).
This study also showed no statistically significant
correlation between BMD and serum copper
(p = 0.072), while, a statistically significant positive
correlation between BMD and serum albumin was
found (p = 0.017). Conclusion: In this study serum
copper did not seem to correlate with BMD and so
cannot be used as a screening method for
osteoporosis. We also can conclude that, serum
albumin may have a beneficial role in bone health.
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Introduction:

Osteoporosis is a major health problem
that significantly affects the aging population.
Catastrophic effects on disability and mortality
accompany the increase in the incidence of
osteoporotic fractures in patients aged 65 and
older.” A combination of factors, including
genetics, nutrition, physical activity, and bone
turnover, determine bone mass and ultimately
bone strength.?® After the acquisition of peak
bone mass during the third decade of life, there is
a progressive decline of approximately 0.5%
a year, which is considered a physiological
age-related change.®

Age-related bone loss is the consequence
of changes in bone cellularity as well as
hormones. Increasing osteoclast formation and
activity and diminished osteoclast apoptosis,
follow the declining estrogen levels in women
although more significantly in women during
peri-menopausal years cellular changes in
aging bone reduce the number of osteoblasts
available for bone remodeling and formation.*
A proportion of subjects lose their bone mass
only at a physiological basis, whereas a
proportion of subjects will suffer pathological
bone loss leading to osteoporosis. Although
diet, physical activity, and genetics play a role
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in accelerated bone loss, it is likely that there
are additional hormonal and molecular factors
that remain to be elucidated.®

Osteoporosis is a silent disease until it is
complicated by fractures that can occur
following minimal trauma. These fractures are
common and place an enormous medical and
personal burden on aging individuals and a
major economic toll on the nation. Osteoporosis
can be prevented and can be diagnosed and
treated before any fracture occurs. Prevention,
detection and treatment of osteoporosis should
be a mandate of primary care providers.

The National Osteoporosis Foundation
NOF recommends a comprehensive approach to
the diagnosis and management of osteoporosis.
A detailed history and physical examination
together with BMD assessment and the WHO
10-year estimated fracture probability are
utilized to establish the individual patient’s
fracture risk.®

Dual-energy x-ray absorptiometry (DXA)
measurement of the hip and spine is the
technology now used to establish or confirm a
diagnosis of osteoporosis, predict future
fracture risk and monitor patients by performing
serial assessments.”)

Nutrients such as calcium, phosphorus,
zinc, copper, protein, and vitamin D have
a relationship with bone mass®. Proper
nutrient intake has a crucial role in both
prevention and treatment of osteoporosis (1.

Copper (Cu) is an essential trace element
for humans and animals. The ability of copper
to easily accept and donate electrons explains
its important role in oxidation-reduction reactions
and in scavenging free radicals"". Copper is
essential in collagen-crosslink formation as
a component of the metalloenzyme, lysyl
oxidase. The action of lysyl oxidase helps
maintain the integrity of connective tissue in the
heart, blood vessels and also plays a role in
bone formation (2. Collagen cross links provide
tensile strength to bone and copper deficiency
in several animal species produces skeletal
abnormalities 3 14),

Subjects and Methods:

After approval of local ethics committee,
this study was conducted on thirty female
subjects divided into two groups, the first
consisted of ten healthy control female subjects

below the age of 60 years. The second group
consisted of twenty healthy female subjects 60
years old and older. Subjects under hormonal
replacement therapy or drugs affecting bone
density, smokers, those with chronic liver
disease, diabetic patients, and patients with
metabolic bone disease or connective tissue
disease were all excluded from the study.

All subjects were subjected to thorough
history taking and clinical examination, height
and weight measurement for BMI assessment,
routine laboratory investigations including:
CBC, fasting blood sugar, blood urea, serum
creatinine, serum transaminases (ALT, AST),
and assessment of serum albumin and total
serum calcium levels.

For serum copper; blood samples were
collected in serum separator tubes, centrifuged
separating serum samples which were frozen
at - 20°C. Serum copper concentrations were
measured by using an induction coupled serum
atomic emission spectrometer.

A standard questionnaires concerning
smoking, physical activity, sun exposure, diet,
medications use and disease history was done.

The diagnosis of osteoporosis was based
on BMD measurements. BMD was measured
at the lumbar spine (L1-L4) by dual energy
X-ray absorptiometry (Hologic QDR-4500, USA).
The diagnosis of osteoporosis was based on
the WHO criteria’™® in which a loss of bone
mass <1 standard deviation (SD) was considered
as normal, loss of bone mass >1 SD , <2.5 SD
was diagnosed as osteopenia and loss of bone
mass >2.5 SD was diagnosed as osteoporosis.

Results:

T-score results in the studied groups
showed that, in group |, 5 subjects (50%) were
normal, 4 subjects (40%) were osteopenic and
only one subject (10%) was osteoporotic. While
in group Il, 7 subjects (35%) were normal, 6
subjects (30%) were osteopenic and 7 subjects
(35%) were osteoporotic.(table I)

Regarding serum copper level, in group | it
ranged between 7 and 199 ug/dl with a mean of
62.70 + 68.88 ug/dl. While in group ll, it ranged
between 11 and 199 ug/dl with a mean of
120.74 £ 65.83 ug/dl. The serum copper showed
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significant increased level in the elderly female
subjects compared with the younger subjects
(p = 0.035).(table II)

Regarding serum calcium level, in group I,
it ranged between 85 and 9.9 mg\dl with
a mean of 911 £ 0.5 mg\dl. In group II, it
ranged between 7.2 and 9.4 mg\dl with a mean
of 8.82 + 0.5 mg\dl.(table II)

Serum albumin level in group | ranged between
3.5 and 5.2 g\dl with mean of 4.27 + 0.53 g\dl
in group I. While in group I, it ranged between
3.6 and 4.9 g\dl with a mean of 4.0 + 0.42 g\dl.

There was no significant statistical difference
between the studied groups regarding serum
calcium or serum albumin levels.(table I1)

The current study found no statistically
significant correlation between T-score and
serum copper (p = 0.072), while a statistically
significant positive correlation between T-score
and serum albumin (p = 0.017) was found.
(table 1ll, figures 1,2)

There was no statistically significant
correlation between T-score and age, BMI or
serum calcium level. (Table IIl)

Table (I): Comparison between the two groups according to T-score

Age (years
@ e 260 (n230)
(n=10) (n =20)
No. % No. % No. %
Total BMD T-score
Normal (=-1) 5 50.0 7 35.0 12 40.0
Osteopenia (-2.5 - -1) 4 40.0 6 30.0 10 33.3
Osteoporosis (< -2.5) 1 10.0 7 35.0 8 26.7
x2(MCp) 2.101 (0.386)
x?: value for Chi square  MC: Monte Carlo test
Table (II): Serum copper, calcium, and albumin levels in the studied groups:
Age (years) Total
Group | Group I (n = 30)
(n=10) (n =20)
Serum copper (ug\dl)
Min. — Max. 7.0-199.0 11.0-199.0 7.0-199.0
Mean + SD. 62.70 + 68.88 120.74 £ 65.83 101.39 £ 71.32
Median 28.0 142.50 97.30
Z (p) 2.1127 (0.035)
Serum calcium (mg\dl)
Min. — Max. 8.50 —9.90 7.20-9.40 7.20 -9.90
Mean + SD. 9.11+£0.50 8.82 +0.50 8.91+0.51
Median 9.05 8.90 8.90
t (p) 1.526 (0.138)
Serum albumin (g\dl)
Min. — Max. 3.50-5.20 3.60 —4.90 3.50-5.20
Mean + SD. 4.27 + 0.53 401042 4.09+0.47
Median 4.15 3.88 3.90
t (p) 1.528 (0.138)

t: Student t-test

Z: Z for Mann Whitney test

*. Statistically significant at p < 0.05
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Table (lll): Correlation between T-score with age, BMI, serum copper, serum calcium and serum albumin.

T-score
I's P
Age -0.269 0.151
BMI 0.058 0.762
Serum copper (ug\dl) -0.333 0.072
Serum calcium (mg\dl) -0.032 0.868
Serum albumin (g\dl) 0.431" 0.017"
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Figure (1): Correlations between serum copper and T-score.
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Figure (2): Correlation between T-score with Serum albumin (g\dl)
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Discussion:

In the current study, serum copper level was
found to be significantly higher in elderly women
compared to younger healthy women (p = 0.035)
(table 2). This agree with Madaric et al.'® who
found that serum copper concentrations and
the copper/zinc ratio correlated positively with
age (p< 0.0001). Tietz et al " and Bunker et al."®
also found that serum copper values increase
with age.

Similar results were found in a study
conducted in the internal Medicine Department,
Alexandria University on 50 subjects, aged 65
years old or older on 2012 which showed that
plasma copper level was higher than normal in
40% of the cases suggesting an age related
increase in plasma copper concentration .('?

This increase of copper level with age in
our population may be related to environmental
factor, pollution or dietary habits.

On the other hand, Gamez et al,® Mir et al.?"
and Lowe et al,® found that there was
no significant difference in plasma Cu concentration
between elderly and young healthy women.

In the current study there was no
significant statistical correlation between serum
copper and T-score (BMD), with (p = 0.072).
(Table 3).

Similarly, Odabasi et al. observed that
there was no significant difference between
healthy and osteoporotic elderly women, both
in plasma and in red blood concentrations, for
copper.) Similar results were found by Mutlu
et al® and Arikan et al.®®, who reported that
there was no significant difference in serum Cu
levels  between elderly women  with
osteoporosis and the non-osteoporotic control
subjects. Razmandeh et al.?® in a case—control
study published on 2014 reported that there
was no significant difference in serum copper
level between osteoporotic and normal control
female subjects.

Other studies showed that high copper level
was associated with osteoporosis. Massie et al.

have suggested that excess copper was
associated with decreasing bone size and
density.?”) Koulourides observed an inhibition
of enamel remineralization by Cu.?® Menerey
described that the excessive toxic copper in the
skeletal system may mediate oxygen free
radical release and thus damage tissue.®

On the other hand, Gur et al. reported that
Zn and Cu levels in serum were lower among
patients with osteoporosis than the controls. G?
Sierpinska et al. reported that severe tooth
wear is associated with reduced spinal BMD
and that enamel in adult individuals with severe
tooth wear is low in copper content.®"

Many previous clinical studies provide
evidence of beneficial role of copper and zinc in
improvement of bone density and quality in
both osteoporotic and healthy individuals,
particularly found in cancellous bone, i.e.,
lumbar spine vertebrae 234,

Regarding serum calcium, no significant
statistical difference between serum calcium
levels with age was found (Table 2), also,
no statistically significant correlation between
BMD and serum calcium level was found.
(Table 3).

Nieves et al.®5%), Arikan et al.?and liu et al.®”
in agreement with our results did not find
differences in serum calcium by age group or
when compared between osteoporotic, osteopenic
and normal subjects.

The current study showed a statistically
significant positive correlation between T-score
and serum albumin (p=0.017). (Table 3) Similarly,
serum albumin has been reported to be positively
associated with bone mineral content®®3% and
negatively associated with the risk of hip
fracture, both in a prospective study“® and in a
case—control study“'#2), supporting the view that
severe protein depletion plays a role in causing
hip fracture®. Underweight hypoalbuminemic
subjects had a lower T-score than underweight
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cases with normal serum albumin levels®
findings consistent with the positive correlation
demonstrated by other authors in both genders®®
and in women alone “3),

Coin et al. studied the relationship between
serum albumin and hip bone mineral density
(BMD) in 352 elderly outpatients (216 women
aged 73.5745.3 years and 136 men aged
73.9745.6 years) and found that albumin was
significantly associated with BMD in both
genders.“d

However two large cross-sectional studies
failed to confirm this correlation between albumin
and BMD“%4")_ Lunde et al. in a cross-sectional
study, examined the relation between serum
albumin and bone mineral density (BMD) in
1593 white, community dwelling men and
women aged 50-95 years. In both sexes there
was positive correlation between serum
albumin and BMD in the unadjusted model
(p<0.005). After age adjustment, however,
the relationship was no longer significant
(p >0.18).4®

Conclusion:

From the previous results and from the
opposing studies in the literature we can
conclude that; although the beneficial role of
copper in improvement of bone density and
quality, it does not seem to be correlated with
BMD and so cannot be used as a screening
method for osteoporosis. Serum albumin has
been found to be positively correlated with bone
mineral content and may have a beneficial role
in bone health that needs more studying.
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