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Abstract: Postmenopausal status is an independent risk factor for osteoporosis. Several studies have reported
that heavy metals, including lead, mercury, cadmium, and arsenic, have harmful effects on bone. The aim of this
study was to evaluate the effect of heavy metals, including Cadmium and Lead on osteoporosis in
postmenopausal Iraqi women. This prospective study included a total of 70 postmenopausal women divided as
40patients with osteoporosis compared to 30 apparently healthy women as controls during 2011. Serum levels
of Cadmium and Lead were measured using atomic absorption while serum Calcium, Phosphorus and Alkaline
phosphatase were measured by spectrophotometry.The results showed that there was no significant difference
between patients and controls regarding age, Body Mass Index, Calcium, Phosphorous, and Alkaline
phosphatase. Serum levels of Cadmium and Lead were higher in patients compared to controls, p < 0.001 and
p< 0.01 respectively. It is concluded that increased serum levels of cadmium and lead maybe associated with
higher risk of osteoporosis in postmenopausal women.
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I.

Introduction

Osteoporosis is a bone disease caused by decreased bone mineral density (BMD) and bone micro
architecture deterioration.[1] Osteoporosis definition reported by the World Health Organization (WHO) as a
bone mineral density of 2.5 standard deviations or more below the mean peak bone mass (average of young,
healthy adults) as measured by dual-energy X-ray absorptiometry (DEXA).[2]
Primary osteoporosis could be either type 1; which is common in women after menopause called
(postmenopausal osteoporosis), or type 2 that occurs after the age of 75 years and is seen in both sexes and is
called (senile osteoporosis) being more common in women in a ratio of (2:1). As for secondary osteoporosis; it
may occur at any age and affects both sexes equally. [2, 3]
Cadmium is a pollutant that is mainly present in tobacco. Its threat to human health is caused by its
long retention as it is not easily detoxified in human body or excreted by the renal system. [4, 5]
In addition; Cadmium has an environmental hazard through exposure to fuel combustion, phosphate
fertilizers, natural sources, iron and steel production, cement production, nonferrous metals production, and
solid waste incineration. Some kinds of food like bread and vegetables also contribute to the cadmium intake in
modern societies. [6]
Lead, at definite levels, is a poisonous substance to all living subjects. Different communities are
exposed to lead from air and food in roughly equal proportions. Lead can reach humans via the food chain
because airborne lead can be deposited on soil and water. Lead is considered as a neurotoxin that damages the
nervous system causing brain disorders; it also has cumulative effects through deposition in both soft tissues and
bones. [4, 7]
Aim of this study was to evaluate the association between heavy metals, including Cadmium and Lead,
with osteoporosis in postmenopausal Iraqi women comparing the results to non-osteoporotic postmenopausal
control women.

II.

Materials & Methods

Since bone metabolic status is affected by variation in sex hormones levels; this prospective study included a
total number of seventy postmenopausal women divided into two groups:
1. Fourty patients with osteoporosis were recruited from Rheumatology & Rehabilitation outpatient clinic
and were diagnosed by the rheumatologist using DEXA according to WHO diagnostic criteria. [2]
2. Thirty apparently healthy controls with matching age from relatives attending the health institutions.
Patients with a history of cardiac diseases, rheumatoid arthritis, diabetes mellitus, and smokers were excluded
from the study.
Blood was withdrawn from all participants and the following parameters were measured in serum after
centrifugation:
1. Cadmium and Lead using atomic absorption spectrophotometer.
2. Calcium and phosphorus levels were measured by colorimetric kit using spectrophotometer.
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3. Alkaline phosphatase enzyme was measured by kinetic method using UV spectrophotometer.
Weight and height were recorded for all study subjects using the same scale, and Body Mass Index (BMI) was
calculated by the standard equation. [8]
Statistical Analysis:
The Statistical Package for Social Sciences-version 17 (SPSS-17) was used for data input and analysis.
The results were reported as mean ± standard deviation (mean ± SD). The student t-test used to calculate the
differences between any two means. Correlation coefficients were measured using Pearson's correlation
coefficient (r). The criteria for statistical significance was determined at P value<0.05.

III.

Results

The subjects' ages ranged from (45-65) years for both patients and controls. Table (1) shows the
demographic characteristics of study subjects. Calculations of BMI showed that all study subjects were obese
(BMI≥30 kg/m2); with a strong positive correlation between BMI and age (r=0.823, p<0.05). There were no
significant differences in age and BMI between means of osteoporotic patients and controls.

Table 1: demographic data of study subjects
Variable
Age (years)
BMI* (kg/m2)
*BMI; body mass index
†SD; standard deviation

Patients(No.=40)
Mean ± SD†
62±5.732
32.5±3.27

Control(No.=30)
Mean ± SD
59±5.583
30.9±4.98

Serum Calcium, Phosphorus, and Alkaline Phosphatase measurements were within normal values for all
study subjects; there was no significant difference between patients and controls (Table 2).

Table 2: Mean ± standard deviation of serum calcium, phosphorous, alkaline phosphatase, lead,
and cadmium in patients and controls
Variable
Ca++(mmol/L)
PO4(mmol/L)
ALP(U/L)
Pb (ng/L)
Cd (ng/L)
*SD; standard deviation

Patients
Mean ± SD*
2.26±0.168
1.187±0.21
66.27±11.26
0.174±0.014
0.172±0.012

Control
Mean ± SD
2.087±0.135
1.127±0.187
68.27±11.732
0.9±0.06
0.032±0.05

P value
>0.05
>0.05
>0.05
<0.001
<0.01

Many correlations were observed in this study. In patients; age had a negative correlation with calcium (r=0.53, p=0.017) while Calcium had a negative correlation with alkaline phosphatase (r=-0.054, p=0.014). Also
there was a strong positive correlation between cadmium and lead (r=0.85, p<0.05).
Upon measuring cadmium and lead in study subjects; there was a significant difference between
patients and controls. Serum Cadmium and Lead levels were higher in osteoporotic patients compared to
controls; (p value<0.01 and <0.001) respectively (table 2).

IV.

Discussion

Osteoporosis is a major public health problem most commonly affecting postmenopausal women and
is characterized by excessive skeletal fragility which is attributable to intrinsic skeletal factors such as low bone
mass and sluggish or insufficient repair of micro trauma to bones. [9,10]
All our study subjects were found to be obese showing increased BMI with increased age in a linear
relationship; which agrees with previous studies. [11,12,13] The economic growth of the Gulf region has resulted in
increases in dietary health problems and related diseases especially obesity in Asian women. This was first
noted in developed nations, but has rapidly spread to developing countries in the past few years. [12,14] All adults
in the Arab Gulf area live sedentary life styles and occasionally participate in sports. [15] Arabian women
specifically show low physical activities mostly due to strong socio-cultural traditions that represent an obstacle
for involvement in sporting venues. [16] The hot weather and sand storms largely discourage outdoor activities
while indoor activities (such as TV watching) and socializing frequently involve eating and snacking;
subsequently resulting in obesity. [12]
Obesity and osteoporosis share several common genetic and environmental factors. Also normal aging
is associated with both a high incidence of osteoporosis and adiposity. [9,17] This study showed no relation
between obesity and osteoporosis; in contrast to other studies. [9,17,18] Rayalam and colleagues discovered
through a clinical trial that the differentiation of precursor mesenchymal stem cells into adipocytes dominates
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over the differentiation into osteoblasts; thus explaining the inverse relationship between adipocytes and
osteoblasts in the aging population. [19]
The homeostasis of calcium and phosphorpus is maintained in serum regardless of their bone storage
and these parameters are not expected to vary significantly in patients with osteoporosis and controls since bone
thinning disease as osteoporosis does not affect calcium and phosphorous metabolism and diagnosis of
osteoporosis would not depend on any change in serum calcium, phosphorous, or alkaline phosphatase levels
[20,21]
; which agrees with the results of this study.
The present study showed that within normal ranges; calcium correlated negatively with increased age
and with ALP; the relatively low serum Ca and the high ALP indicate that geriatric patients especially residents
at home may suffer from subclinical osteomalacia. [22] It is known that obese patients have abnormal calcium
metabolism compared with the non-obese controls. [23] Also osteoporosis and age related alterations in bone
metabolism are common clinical conditions in Asia since the Asian diet is low in calcium content. [9,24]
Gallagher and colleagues have demonstrated that intestinal calcium absorption decreased significantly with
aging in patients with postmenopausal osteoporosis. [25] For this reason it is recommended that supplementing
the diet of postmenopausal women with calcium is effective in preventing height and bone loss to avoid public
health impact of decreased calcium especially in Asian women. [24]
In this study there was an obvious increase in serum levels of cadmium and lead in osteoporotic
patients compared to controls; this agrees with previous studies done in Asia [26-28], Europe [5,29-30], and America
[31-3]
. These results were independent of tobacco smoking, which is both an important source of Cadmium and a
risk factor for osteoporosis. [30]
Several studies tried to clarify the mechanisms for Cadmium-induced osteoporosis. Experimental data
demonstrate a direct effect of Cadmium on bone both ways: with decreased bone formation and increased bone
resorption. [33] Osteoblasts exposed to high Cadmium levels had decreased their bone-forming activity and
secreted prostaglandin E2, which, in turn, can increase the formation and activity of osteoclasts. [29,33] Other
studies also supported that Cadmium had induced increased bone resorption more than its effect on bone
formation hence lowering bone mineral density especially in older people. [5,29,33-35]
About 90% of all the body content of lead is localized to bone by replacement of calcium, so even a
physiological increase of skeletal turnover, as in menopause, would affect the levels of lead in blood. [31]
Previous studies indicated that lead may have effects on bone turnover either directly on osteoblast and
osteoclast function, or indirectly via kidney diseases, or both. [28,36]
Since stored lead in bones has a long half-life that may reach years; skeletal lead stores may be a source
of endogenous lead exposure during periods of increased bone demineralization, such as menopause [4,31], and
the increased bone resorption, as occurs postmenopausally because of decreased estrogen production, results in
release of bone lead stores into blood. [31,36] Thus attention to factors that affect postmenopausal bone loss may
lessen or at least control blood lead levels. [31]
Although the overall role of cadmium and lead in the etiology of osteoporosis is limited but in view of
the high prevalence of this disease, even a little effect is important at the population level since everyone has
lifelong exposure to these potential carcinogens [37,38]; especially in Asian diet [39], this emphasizes the
importance of efforts needed to reduce cadmium and lead pollution of the environment.

V.

Conclusion

In conclusion, although it is clear that genetic, hormonal, and personal factors have a major role for the
development of postmenopausal osteoporosis and that promoting regular exercise is an effective preventive
measure; other environmental factors also may play an important role such as Cadmium and Lead; that is why
efforts should be taken to reduce Cadmium exposure and identify modifiable factors that prevent bone lead
release.
Further studies are necessary to explore the etiologic association between cadmium and osteoporosis
and to further investigate whether a causative association exists between lead exposure and postmenopausal
osteoporosis.
To summarize, this study found a relationship between high serum cadmium and lead levels with
osteoporosis in postmenopausal Iraqi women so it strengthens previous evidence that environmental cadmium
and lead exposure may affect bone metabolic status and bone metabolic diseases such as osteoporosis.
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