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Abstract

Environmental exposure to cadmium may give rise to osteomalacia combined with renal dysfunction, so called
‘Itai-Itai disease’, which was endemic in the heavily polluted area in Japan. The main focus of this study was to
investigate whether environmental exposure to cadmium is associated with low bone mass in a population living
near a smelter. A total of 790 persons (302 males and 488 females), who were all over 35 years old and resided in
areas near a lead, zinc and cadmium smelter and in a control area in southeast China, completed a questionnaire,
and bone mineral density was measured by SPA-4 single photon absorptiometry at the radius and ulna. Cadmium
content of urine was determined by graphite-furnace atomic absorption spectrophotometry as a measure of dose.
The present study shows that forearm bone densities were negatively correlated with urinary cadmium excretion
(p < 0.001) and forearm bone density decreased linearly with age (p < 0.001) and urinary cadmium (p <

0.01), suggesting a dose-effect relationship between cadmium dose and bone mineral density. Based on the World
Health Organization criteria, (bone mineral density < −2.5 SDs below the normal young adult), the prevalence of
osteoporosis in women increased from 34.0% in the control area to 51.9% in the heavily polluted area (p < 0.01)
among subjects over 50 years old, and the odds ratio value was 2.09 (95% CI: 1.08–4.03) for the highly polluted
area compared with the control area. A striking observation in the study was a marked increase of the prevalence
of fracture in the cadmium-polluted area in both sexes. It was concluded that environmental exposure to cadmium
is associated with an increased loss of bone mineral density in both gender, leading to osteoporosis and increased
risk of fractures, especially in the elderly and in females.

Introduction

It was reported that environmental exposure to cad-
mium may interfere with the metabolism of calcium,
vitamin D, and collagen (Järup et al. 1998; Kjellström
1985), and may give rise to osteomalacia combined
with renal dysfunction, so called ‘Itai-Itai disease’,
which was considered to be the most severe form
of chronic cadmium intoxication and was endemic
in the heavily polluted mining area in Japan (Kjell-
ström 1985). The clinical features include bone and
kidney damage (Kjellström 1992), while pathological
bone findings are a combination of osteomalacia and
osteoporosis (Kjellström 1986).

Cadmium may have both direct and indirect ef-
fects on bone turnover, directly on osteoblast and
osteoclast function, and indirectly via kidney dysfunc-
tion (Berglund et al. 2000). Cadmium is nephrotoxic
and can interfere with vitamin D metabolism, and
the perturbation of vitamin D metabolic pathway by
cadmium may result in health effects such as os-
teoporosis and osteomalacia (Chalkley et al. 1998).
Osteoporosis is a common metabolic disease char-
acterized by low bone mass and microarchitectural
deterioration of bone tissue, leading to enhanced bone
fragility and a consequent increase in risk of frac-
ture (Consensus development conference 1993). It was
pointed out that osteoporosis was also seen in itai-itai



500

disease patients and had been considered to be a more
common bone effect of cadmium than osteomalacia.
However, it is still disputed whether cadmium-induced
bone effects can occur outside this area of Japan. Re-
cently, a negative association between cadmium dose
and bone mass has been found in both occupationally
and environmentally exposed people at relatively low
cadmium exposure (Alfvén et al. 2000; Staessen et al.
1999). But only a few new epidemiological studies
were reported in the last decade.

The main focus of this previously reported study
(Wang et al. 2003) was to investigate, using single-
photon absorptiometry, whether environmental expos-
ure to cadmium is associated with low bone mass in a
population living near a smelter.

Materials and methods

Areas and Study population

A smelter is located in the South part of China. Lead
and zinc are the main products in this smelter, which
started production in 1961. It is estimated that about
100,000 tons of industrial waste water per year is dis-
charged to a river in front of the factory. The residents
of the polluted areas used the polluted river to irrigate
their fields from 1961 to 1995. The rice is the main
food for the residents in these areas.

The village near the smelter (half a kilometer
away) was selected as highly polluted area based on
an investigation in 1995, showing that in this vil-
lage (Jiaoweibao), the average Cd concentration of
rice produced in the residents own fields was 3.7 ±
1.8 mg/kg in polished rice. This was 18-fold higher
than the state hygienic standard (0.2 mg/kg). From
1996, the residents of the highly polluted area stopped
producing rice in these fields and started to eat com-
mercial rice from non polluted areas. Another village
(Nanbaixiang) with an average Cd concentration in
1995 of 0.51 ± 0.19 mg/kg in polished rice was selec-
ted as medium polluted area. It is situated 12 km from
the smelter. As control area, a non-cadmium-polluted
village (Yantuo) was selected, located 40 km from the
smelter. It is similar to the polluted areas in many
conditions (e.g., social, economic, and living habits)
except that there is a low cadmium concentration in
rice, according to a pilot study performed in prepar-
ation of this study. Based on information available
in registries kept by local authorities, the population
characteristics of each area were described including

age, sex, and birth rate. Only persons who were born in
the respective areas and had lived there and consumed
locally grown rice for their entire lifetime (except
the last 2 years in the highly polluted area) were in-
cluded in this study. All participants were 35 years
or older. Subjects with impairment of kidney or liver,
hyper-parathyroidism, and those who had received
drugs known to alter bone metabolism were excluded.
Thus, a total of 790 participants (302 men; 488 wo-
men), were included in the present study. Subjects
participating in the study completed a questionnaire
to obtain information on medical and drug history,
cigarette smoking, alcohol consumption, and repro-
ductive variables in women. Data concerning fractures
were obtained by questionnaire and ascertained by
physician or hospital diagnosis based on X-rays.

Bone densitometry and quality control

Bone mineral density (BMD) was measured in each
subject by single photon absorptiometry (SPA, SPA-4
densitometer; Chinese Measurement Technology In-
stitute, Beijing, China) at the distal one-third of the
radius and ulna. Measurement precision, expressed as
the CV, was within 2%. The system was calibrated
every day, the machine operator was experienced and
all the bone measurements were made by the same
operator. Repetition of the measurements in the same
person eight times showed that the repeatability of
the results was 99.66%. The change in forearm bone
density was used as a marker of bone damage.

Analyses of cadmium in urine and quality control

Timed urine samples were obtained in acid-washed
containers that were stored in the frozen state
(−20 ◦C) until analysis. The urinary cadmium con-
centration was analyzed after digestion, using graphite
furnace AAS (atomic absorption spectroscopy). Ana-
lytical quality assurance was taken into account by
using standard addition on each sample and by com-
parison with other laboratory as described in detail by
Jin et al. (2002). The cadmium content of urine was
expressed as micrograms per gram creatinine and used
as a measure of internal dose.

Statistical analysis

Database management and statistical analysis was per-
formed using Epi-Info(Centers for Disease Control,
Atlanta, GA, USA) and SPSS (SPSS Inc, Chicago,
IL, USA) software. The data in BMD were normally
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distributed; all results are expressed as the mean ±
SD. Means and proportions were compared by using
the standard normal F test and X2 test for trends, re-
spectively. The nominal significance level was set at
0.05. The statistical methods used also included linear
regression. A stepwise procedure was used to select
independent variables in multiple regression, and only
those explanatory variables for which p ≤ 0.05 were
included in the regression model.

Ethical consideration

Local ethics committees of The Medical Faculty,
Umeå University and Shanghai Medical University
gave permission to perform the study. This study was
also carried out with the permission of the local au-
thority and conformed to local guidelines for human
investigation. All participants in this study were in-
formed about the content and the objectives of the
study and gave their informed consent to participate.

Results

Summary of characteristics of participants

The total number of participants was 790, including
320 in the control area (females: 201; males:119), 208
in the moderately polluted area (females: 135; males:
73) and 262 in the highly polluted area (females: 152;
males: 110). There were no significant differences in
age, weight, height, body mass index (BMI), age at
menopause, and years since menopause in the three
different areas. The proportion of males who were
current smokers at the time of the bone density meas-
urement was higher in the heavily polluted areas than
the other two areas (p < 0.05). There were also statist-
ically significant differences between the moderately
polluted area and the other two areas with regard to
alcohol consumption in males, but no such difference
was found in females. Urinary cadmium concentra-
tions of residents in high (11.18 µg/g creatinine) and
medium (3.55 µg/g creatinine) exposed areas both for
males and females were significantly higher than those
in the control area (1.83 µg/g creatinine), and concen-
trations in the high exposure group were higher than
in the medium exposure group (Jin et al. 2002). Thus,
the inhabitants of all three areas had similar baseline
characteristics apart from exposure to cadmium.

BMD in participants from the three different areas

The average BMD in young adults (aged from 30 to
39 years old) in the three different areas have been
measured. The value of the average and standard de-
viation in forearm bone mineral density (0.7980 ±
0.0710 g/cm2 for males; 0.7117 ± 0.0663 g/cm2 for
females, Wang et al. 2003) was used as the baseline
for the diagnosis of osteoporosis in the different areas.

The average BMD and the percentage bone loss
compared with those of normal young adults of both
sexes are shown in Figure 1. In women, the BMD of
the forearm declined with age (P < 0.05) in all areas.
The value of BMD in women under 60 years of age
declined by up to 2–10%, and there was no statistically
significant difference between the control, moderately
polluted, and heavily polluted areas. In women over
60 years of age, however, the decline in BMD in the
heavily polluted area was greater than those in the con-
trol and moderately polluted areas. It can also be seen
that the loss of bone with age in men was lower than
that in women in all areas and is the same as that in
the population in the area not polluted with cadmium
in men under 60 years of age. However, the decline
in the value of BMD in men over 70 years of age in
the heavily polluted area was greater than that in the
control area (P < 0.05).

Stepwise regression showed that forearm bone
density was decreased linearly with age (P < 0.01),
increased with body weight (P < 0.001), and de-
creased with urinary cadmium in men (P < 0.05),
and decreased linearly with both age (P < 0.01) and
urinary cadmium (P < 0.001) in women (Wang et al.
2003).

Prevalence of osteoporosis and fracture in the three
different areas

Based on WHO criteria, whereby BMD < −2.5 SDs
below the normal young adult value is the recom-
mended definition of osteoporosis, the prevalence of
osteoporosis in subjects over 50 years old in the differ-
ent areas was calculated (Wang et al. 2003). In males,
nine cases (14.1%) of osteoporosis occurred in heav-
ily polluted area and six cases (8.7%) occurred in the
control area. The odds ratio (OR) value was 1.72 (95%
CI: 0.5, 5.9) for the highly polluted area compared
with the control area. In females over 50 years old,
the prevalence of osteoporosis increased from 34.0%
in the control area to 51.9% in the heavily polluted
area, and the difference was statistically significant.
The OR value was 2.09 (95% CI: 1.1, 4.0) for the
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Fig. 1. Average bone density in the control (�), moderately(�) and heavily (�)polluted areas. X axis is age group (years)and Y axis is bone
mineral density (g/cm2). *P < 0.05 for the difference between the heavily polluted and control areas for the same age group.

highly polluted area compared with the control area.
This difference was more marked in subjects over 60
years old; the prevalence of osteoporosis increased
from 8.5% in the control area to 20.5% in the heavily
polluted area in males and from 55.8% to 79.5% in
females.

The prevalence of spontaneous fracture in subjects
over 40 years old in the different areas was estimated
(Wang et al. 2003). Seventeen bone fractures occurred
in males and 33 in females. Fractures resulting from
major trauma, such as in car accidents, were excluded.
As a result, the prevalence of bone fracture in males
increased from 4.2% in the control area to 9.1% in
the heavily polluted area, and the age standardized
relative risk (SRR) value was 4.1 (95% CI: 1.55-6.61)
for the highly polluted area compared with the con-
trol area, whereas in females, the prevalence increased
from 4.5% to 13.8% and the SRR value was 2.5 (95%
CI: 1.42-3.54) for the highly polluted area compared
with the control area.

Discussion

Exposure to cadmium (Cd) causes skeletal impair-
ments such as osteoporosis and osteomalacia (Noda
& Kitagawa 1990). In 1942, cadmium-induced bone
disorders were reported by Nicaud & Lafitte (1942) in
French cadmium workers. Osteoporosis is a common
metabolic disease, which is becoming increasingly
common throughout the world as the population ages

and lifestyles change. Apart from the effect of patho-
physiology and genetics, many other factors may be
responsible for the occurrence of osteoporosis, such as
environmental factors, occupational factors, diet, etc.

The main focus of our study was the detection of
cadmium-induced bone effects. The bone density of
the radius and ulna, measured by SPA-4 single-photon
absorptiometry, was used as a marker of skeletal dam-
age, and cadmium in urine was used as a measure of
the dose received. The results showed that, the values
of forearm BMD in men over 70 years age in the heav-
ily polluted area were significantly lower than those
in the control area (P < 0.05). In subjects over 60
years of age of both sexes, the decline in BMD with
age in the heavily polluted area was larger than that in
the control area (P < 0.05). In both sexes, forearm
BMD was correlated with age (P < 0.001) and urin-
ary cadmium (P < 0.01 in females and P < 0.05
in males). This suggests that a dose-effect relation-
ship exists between cadmium dose and BMD, and
that exposure to cadmium accelerates bone loss with
aging, as previously reported by Järup et al. (1998)
and Staessen et al. (1999).

Based on the criteria used to diagnose osteo-
porosis, the results showed that, among subjects over
50 years old, the prevalence of osteoporosis in women
increased from 34.0% in the control area to 51.9% in
the heavily polluted area (P < 0.01). The same tend-
ency existed in men, with the prevalence increasing
from 8.7% in the control area to 14.2% in the heav-
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ily polluted area, but was not statistically significant.
Thus the prevalence of osteoporosis in the heavily pol-
luted area is much higher than that in the control area,
but women were more susceptible to the demineral-
ising effects of cadmium on bone tissue because of
the menopause (Kono et al. 1956). There were no
significant differences in geographical and economic
conditions, lifestyle, and nutrition status between the
three areas. Although the proportion of males who
were current smokers differed between the polluted
areas and the control area, rice is the main food in
all these areas and is the major source of cadmium
intake. Smoking is a source of cadmium exposure, but
no tobacco is produced in these areas and only com-
mercial cigarettes are smoked. The average cadmium
concentration of eight different commercial cigarettes,
which are usually used by local residents, was determ-
ined and found to be 1.50 mg/kg in 1995. For a person
who smoked 20 cigarettes per day for 25 years, the
uptake of Cd from smoking was calculated to be about
4.05 mg, which is much lower than cadmium uptake
from food. So smoking does not have much influence
on the value of total cadmium uptake in the present
study.

However, the results showed that the decline of
BMD with age in the heavily polluted area was greater
than in the other two areas and the prevalence of os-
teoporosis was highest in the heavily polluted area.
The most striking observation in the present study was
the marked increase in the prevalence of fracture in
both sexes in cadmium-polluted areas, with environ-
mental exposure to cadmium being associated with an
increased risk of fractures in both women and men.

It was concluded that moderate to heavy envir-
onmental exposure to cadmium is associated with
an accelerated bone loss and increased bone fragil-
ity, especially in females and in the elderly. Thus,
it is important to find effective methods to prevent-
ing the bone dysfunction caused by cadmium not
only in the occupationally but also in people exposed
environmentally.
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