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Abstract Cadmium (Cd), poisoning has been reported
from all around the World, causing many deaths annually.
Cd is a toxic heavy metal, and is widely present in envi-
ronment. It has been reported that chronic Cd exposure is
associated with kidney disease, osteoporosis, cardiovascu-
lar diseases and cancer. Smoking causes exposure to sig-
nificantly higher Cd levels in humans. Tobacco smoke
transports Cd into the lungs. Blood then transport it to the
rest of the body where it increases effects by potentiating
Cd that is already present from Cd-rich food. Other high
exposures of Cd can occur with people, who live near
hazardous waste sites, or factories that release Cd into the
air and people who work in the metal refinery industry.
Breathing of Cd can severely damage the lungs and may
even cause death. Multiple studies have shown an associ-
ation between environmental exposure to hazardous
chemicals including toxic metals and obesity, diabetes, and
metabolic syndrome. At the same time, the existing data on
the impact of Cd exposure on obesity and diabetes are
contradictory. On the converse, results of epidemiologic
studies linking Cd exposure and Osteoporosis, overweight
or obesity are far less consistent and even conflicting, also
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depending on differences in exposure levels. In turn, lab-
oratory studies demonstrated that Cd adversely affects
adipose tissue physiopathology through several mecha-
nisms, thus contributing to increased insulin resistance and
enhancing diabetes. However, intimate biological mecha-
nisms linking Cd exposure with human diseases are still to
be adequately investigated. Therefore, the aim of the pre-
sent review was to explore the impact of Cd exposure and
status on the risk of Cd in human diseases.
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Introduction

Cadmium (Cd) is present everywhere in the environment.
A wide range of disease can occur through Cd exposure in
water and food as well as occupational sources. Cd is an
important environmental pollutant and a very toxic heavy
metal, which causes poisoning in various tissues of animals
and humans [1]. Cd enters into the living-organism through
water or food, it binds to albumin and erythrocytes in the
blood and then is transferred into tissues and organs, where
it is bound to proteins of low molecular mass producing
metallothioneins (Cd-MT) by the induction of metalloth-
ionein mRNA synthesis [2]. And these Cd-MT complexes
generate reactive oxygen species (ROS) such as hydrogen
peroxide (H,0,), superoxide (O,—) and hydroxyl radical
(OH-), nitric oxide (NO-) [3] and can reduce the level of
the main antioxidant compounds in the cells by inactivating
enzymes and other antioxidant molecules [4] and as a
result, lipid peroxidation (LPO) is generated that ultimately
cause cell death and disease [5, 6] (Fig. 1). Cd always
occurs in combination with zinc and mainly found in the
earth’s crust. Cd is also found as an inevitable by-product
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Fig. 1 Mechanism for cadmium Induced oxidative stress and cell
death

of zinc, lead and copper extraction in the industries. Cd is
found in manures and pesticides through which it enters
into the environment mainly by the ground.

A very large amount of Cd about 25,000 tons a year is
released into the environment naturally. Some portion of
this Cd is released into air through volcanoes and forest
fires and about half portion of Cd is discharged into rivers
through weathering of rocks. The rest portion of this Cd is
discharged into the human activities. No Cd ore is mined
for the metal, because more than enough is produced as a
byproduct of the smelting of zinc from its ore, sphelerite
(ZnS), in which cadmium sphelerite (CdS) is a significant
impurity, making up as much as 3%. The main mining
areas of Cd are those associated with zinc. However, world
production of cadmium is around 14.000 tons per year. The
main Cd producing country is Canada, with the USA,
Australia, Mexico, Japan and Peru also being the major
suppliers. Cd has a high toxicity potential with non-
essential heavy metal. The major sources for the exposure
of Cd to humans are diet, polluted air, and cigarette smoke.
The exposure of Cd associated with increased risk of
chronic diseases, including diabetes, hypertension,
nephropathy and atherosclerosis, all of which could be
attributable to dysfunctional endothelial and smooth mus-
cle cells. Cd toxicity is associated with increased reactive
oxygen formation which leads to the depletion of antioxi-
dants, resulting in an oxidative stress. Chelation of Cd has
proved useful in the removal of the Cd burden but several
chelating agents cause side effects in clinical usage.

Furthermore, Cd is toxic at very low levels and has acute
and chronic effects on health. The most dangerous char-
acteristic of Cd is that it accumulates throughout one’s
lifetime. Cd has a long biological half-life of 17-30 years
in humans. Evidence suggests that food and cigarette
smoke are the major sources of non-occupational Cd
exposure in the general population [7]. Occupational
exposure results mainly from Cd fume inhalation in the
cadmium-nickel battery industry, as well as from coating
and plating of metals and in the production of stabilizers
for plastic and paint pigments. Cd has been implicated in
the pathogenesis of age-related macular degeneration and
hearing loss [8—10]. However, the most commonly affected
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organ systems by Cd toxicity are the kidney, lung, bone
and skeletal, cardiovascular, and nervous systems [11].
Observational studies indicate that chronic Cd exposure is
associated with an increased risk of cardiovascular disease,
including hypertension, atherosclerosis, nephropathy, and
diabetes [12—16]. Therefore in this review we will elucidate
the toxic effects of Cd on various human diseases.

Cadmium Risk and Exposure

Some of the occupations that directly involve Cd and carry
a higher risk of exposure include: battery manufacture, jobs
involving welding or soldering, smelting, mining, textile
work, Cd alloy manufacture or use, manufacture of mate-
rials that contain Cd, such as certain paints and plastics,
jewelry making, glassware decorated with Cd and munic-
ipal solid waste recovery workers. Sources of exposure to
Cd are (Fig. 2).

Cigarette Smoking

Cigarettes contain Cd and smokers inhale Cd when they
smoke. Smokers may receive the double dose of Cd daily
as compared to non-smokers. People breathing cigarette
smoke can also inhale Cd.

Food

Vegetables, like potatoes and leafy vegetables, and cereal
grains grown in contaminated soils with high levels of Cd
may contain small amounts of Cd. Kidneys and livers of
animals and shellfish also contain higher levels of Cd than
other foods.

Industrial Areas

Some industrial processes, such as metal smelting, release
Cd into the air. To the ensure protection of public health,
controls are placed on industry to limit emission levels.

Fertilized Soils

In agricultural areas, phosphate fertilized soils may contain
higher levels of Cd than unfertilized soils.

Inhalation of Cadmium

Inhalation is the main way workers are exposed to Cd. To
protect the health of workers many safety levels and
standards of exposure are enforced. Breathing air with high
levels of Cd over a short period of time is initially like the
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Fig. 2 Showing different
sources of cadmium exposure
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flu with chills, fever and muscle pain, then later can cause
shortness of breath, lung damage, cough and chest pain,
which may lead to death in severe cases.

Breathing lower levels of Cd over a longer period of
time can lead to kidney disease and cause bones to become
weaker.

Ingestion of Cadmium

Eating food or drinks, contaminated with high levels of Cd
can cause stomach irritation, abdominal cramps, nausea,
vomiting and diarrhea. Swelling of the throat and tingling
hands, headaches and flu-like symptoms may also occur.
Only a small amount of Cd remains in the body after eating
food contaminated with Cd, but if consumed over a long
period of time, Cd can lead to kidney diseases and can
cause bones to become weaker. Large amounts of Cd can
damage the kidney, liver and heart and in severe cases may
cause death.

Health Effects of Cadmium

Foodstuffs are the major sources for the uptake of Cd in
human. Cd concentration in human body increases greatly
by the foodstuffs that are rich in Cd. Example are dried
seaweed, shellfish, mushrooms, mussels, cocoa powder and
liver. An exposure to significantly higher Cd levels occurs
when people smoke. Tobacco smoke transports Cd into the
lungs. Blood then transport it through the rest of the body
where it increases effects by potentiating Cd that is already
present from Cd-rich food. Other high exposures can occur
with people who live near hazardous waste sites or

Mouthing and
swallowing Cd made

g jewelry

Breathing Cd
contaminated air

factories that release Cd into the air and people that work in
the metal refinery industry. When people breathe in Cd it
can severely damage the lungs. This may even cause death.
The bloodstream transport Cd first to the liver and then Cd
is bond to proteins to form complexes that are transported
to the kidneys. Cd accumulates in kidneys, where it dam-
ages filtering mechanisms. This results the excretion of
essential sugars and proteins from the body which may lead
to kidney damage. It takes a very long time before Cd,
which has accumulated in kidneys to get it excreted from a
human body. Other health effects that can be caused by Cd
are: Diarrhea, stomach pains and severe vomiting, Bone
fracture Reproductive failure and even infertility, psycho-
logical disorders, damage to the immune system, damage
to the central nervous system, possibly DNA damage or
cancer development (Fig. 3).

The Chronic Impact of Cadmium on Human
Health Around Asia

The effect of Cd-induced lung damage in workers was first
reported in the 1930s and later, the effects of Cd on bone
proteinuria was reported in the 1940s [17]. After World
War II, a form of Cd-induced renal osteomalacia called
itai—itai disease and characterized by fractures and severe
pain and it was identified in the Cd-polluted Jinzu River
basin in Toyama, Japan [18]. Subsequently, international
warnings of health risks from Cd pollution were issued in
the 1970s. In the 1990s, the toxic effect of Cd on skeletal,
renal and reproductive systems was reported in Chinese
populations who were exposed to Cd via consumption of
contaminated rice [19]. Long-term environmental exposure
to Cd was also reported to cause renal dysfunction, which
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Fig. 3 Cadmium toxicity
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occurred initially as tubular damage, followed by
glomerular damage. World Health Organization (WHO)
confirmed that the kidney is the most important target
organ for Cd toxicity, and a crude quantitative evaluation
was conducted in 1992 (WHO 1992). Previous studies
showed a relationship between dietary Cd contaminated
rice and the presence of chronic renal failure [20, 21]. A
high concentration of Cd in the urine was detected in non-
smoking farmers who worked on sludge farms in Hyder-
abad, India [22]. Osteoporosis and nephropathy caused by
Cd exposure were found in populations living in polluted
areas of southeast China [23].

A high prevalence of renal failure was also detected
among the farmers in the agricultural area under irrigation
in the North Central Province, Sri Lanka [24]. Chronic Cd
toxicity is a significant health concern among workers
engaged in zinc smelting, battery production and silver
jewellery industries, particularly in developing countries.
In Thailand, environmental Cd contamination was first

Additional Problems for
Children: Cadmium is more toxic
for children as it can affect
developing nerves, bones and
brain

1- Loss of developmental skills.
2- Behavior, attention problems
3- Cardiovascular problems

4- Pulmonary disease

5- Kidney loose functions that
can also cause gout arthritis.
6-Bones lose density and
fractures

7- Reduced 1Q

8-Slowed body growth

transport chain in cardiomyocytes [29]. The vascular
endothelium is believed to be the primary site at which the
deleterious effects of high blood pressure, high glucose
levels in diabetes and high plasma lipid concentrations which
may lead to the impairment of endothelial function. There-
fore, the endothelium is probably affected by Cd. Several
lines of evidence suggest that vascular endothelium is an
important target of Cd toxicity [31]. The cellular mecha-
nisms by which Cd might contribute to the development of
hypertension include Cd-stimulated release of proinflam-
matory mediators (e.g. tumor necrosis factor-alpha) and
antithrombolytic agents (e.g. plasminogen activator inhi-
bitor-1) from vascular endothelial cell culture [32, 33].

Cd also facilitates the adhesion of peripheral human
polymorphonuclear leukocytes to the endothelium [34]. It
was reported that Cd stimulates the secretion of endothelin-
1 and angiotensin II from the «cultured -coronary
microvascular endothelial cells [35]. Regarding the
microvascular effect of Cd, it was found that Cd alters the

reported in some rural villages of Mae Sot District, Tak  function of a Ca2 4 -dependent cell adhesion molecule,

Province, and Northwestern Thailand [25]. These issues
soon become a public health concern, and Cd toxicity got
monitored in residents living in those contaminated areas.
Cd contaminations in those areas were primarily associated
with mining of zinc ores. In particular, Cd contamination
may result from irrigation of paddy fields by two creeks
(Mae Tao and Mae Ku) which pass through an area where a
zinc mine has actively operated for more than 20 years
[26]. People who live in contaminated areas are likely to be
exposed to Cd via consumption of rice and other crops that
are grown locally in those areas [27].

Cadmium and Cardiovascular Dysfunction
In the cardiovascular system, Cd-induced cardiac damage is
associated with alteration of antioxidant defense by

increased generation of ROS [28, 29], which causes reduced
coronary blood flow [30], and inhibition of the electron
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the so-called vascular endothelial-cadherin (VE-cadherin),
thereby leading to a disruption of endothelial barrier
integrity [15]. The effect of Cd on VE-cadherin has been
suggested to be involved in the development of
atherosclerosis [36]. The other mechanism of Cd-induced
hypertension suggested by Satarug et al. [37] is that Cd
deposited in human kidney leads to alterations in metal
homeostasis and redox state, changes in gene expression
profiles, and ultimately tubular injury. Increased risk of
hypertension is found in humans with nephropathy caused
by environmental Cd exposure [38].

Cadmium and Inflammation

Increasing data show that in vivo and/or in vitro exposure
to Cd results in activation of specific cell types (e.g.
Kupffer cells in the liver), organ infiltration with neu-
trophils and enhanced release of proinflammatory and anti-
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inflammatory factors by monocytes/macrophages [39].
Many inflammatory biomarkers, released upon Cd expo-
sure have been linked to different diseases—atherosclero-
sis, cardiovascular diseases, etc. The immunomodulatory
role of the metal and in addition its differential effects on
cytokine production reveals the effects of Cd on pro- and
anti-inflammatory cytokines. Even in micromolar concen-
trations (1-10 uM) [40] Cd exhibits pro-inflammatory
properties and up-regulates the expression of IL-1, IL-6,
IL-8, TNF-a and different chemokines in various types of
cells [41, 42]. Of the immune system, cyclooxygenase-2
(COX-2) and inducible nitric oxide synthase (iNOS) are
early response genes in the inflammatory process and are
commonly used as inflammatory markers [43].

Cadmium and Osteoporosis

High exposure to cadmium was the cause of the feared itai—
itai (ouch—ouch) disease in Japan, where cadmium con-
taminated rice was ingested by the local farmers leading to
osteoporosis and osteomalacia [44, 45] clear evidence that
long-term exposure to cadmium chloride produced marked
abnormalities in bone biomarkers and increasing risk of
fracture. In recent years, cross sectional examinations of
people living in areas of Japan polluted by cadmium have
shown evidence of lowered bone calcium and reduced
concentrations of kidney activated vitamin D [46-48] A
few studies have shown a pattern similar to that of patients
with itai—itai among workers exposed to high concentra-
tions of cadmium [45, 49] Animal experiments have shown
that cadmium in much lower doses may cause osteoporosis
[50]. Animal experiments have shown that bone resorption
due to cadmium exposure can occur at B-Cd concentrations
similar to those reported for people occupationally exposed
to cadmium and for people who smoke cigarettes
(27-80 nmol/1). Moreover, bone diseases may occur early
before the development of tubular damage [50]. The dis-
crepancy found between di Verent parts of the skeleton
(low BMD in the forearm, normal in spine and hip) is not
unusual.

Although post-menopausal osteoporosis and cortisone
induced osteoporosis initially dominate in trabecular bone,
bone loss due to hyperparathyroidism and senile osteo-
porosis, for example, is most marked in the cortical bone of
the forearm. It should be noted that forearm BMD is a good
predictor of fractures, regardless of location. One possible
link between cadmium accumulation in the kidney and
bone demineralization may be through a decreased renal
activation of vitamin D to calcitriol. Reports from two of
the areas of Japan polluted by cadmium show significant
associations between renal damage induced by cadmium in
the form of B2-microglobulinuria, or increased serum

creatinine, and lowered plasma concentrations of calcitriol
[47, 48]. Cadmium concentrations in urine and blood were
taken as exposure biomarkers, and 32-microglobulin, reti-
nol binding protein and albumin were used as biomarkers
of effect. A marked dose response relationship between
these markers of exposure and effect was shown. Hyper-
calciuria, which may advance to osteoporosis, has been
taken as a sensitive renal-tubular biomarker of a low level
of cadmium exposure. Cadmium may also act specifically
on bone. Animal studies have shown that cadmium is
responsible to stimulate the development and activity of
osteoclasts, separating the collagen network in bone.
Osteoporosis is the primary cause of cracks in post-
menopausal ladies, a common occurrence worldwide,
giving rise to disability and a high cost to health services.
The identification of cadmium, an environmental pollutant,
as one causal factor is highly significant in helping to
control the incidence of this complex condition [51].

Cadmium and Diabetes

Diabetes and diabetes-related kidney disease are serious
health problems that are the cause of growing concern in
many parts of the world. It is estimated the total number of
people with diabetes worldwide will rise from 171 million
in 2000 to an estimated 366 million by the year 2030 [52].
The projected increase is mainly due to an epidemic of type
II diabetes that has been attributed to environmental factors
such as greater urbanization and industrialization as well as
longer life expectancies, and this increase is likely to occur
even if the prevalence of obesity remains constant [52]. In
this context, the growing volume of evidence suggesting
that Cd may play a role in the development and progression
of diabetes and diabetes-related kidney disease could be
especially significant.

Cd is an important nephrotoxic pollutant, that poses
increasing risks to populations in many parts of the world
[53-55]. With chronic exposure, Cd accumulates in the
epithelial cells of the proximal tubule of the kidney. When
a threshold concentration of 150-200 pg/g tissue is
reached, Cd causes a generalized dysfunction of the
proximal tubule characterized by polyuria, low molecular
weight proteinuria and glucosuria [20, 56]. As a result of
the extensive use of Cd in industry and its extensive dis-
semination in the environment, numerous studies have
focused on the identification of the early stages of Cd-
induced kidney injury in exposed human populations [57].
In some cases, the results of these epidemiological studies
have suggested a possible link between Cd exposure and
diabetes [58].

Results on human studies suggest an association
between Cd exposure, elevated blood glucose levels and
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the development of diabetes and diabetes-related kidney
disease. In addition, many epidemiological and experi-
mental studies suggest that Cd potentiates or exacerbates
diabetic nephropathy. While the link between Cd exposure
and elevated blood glucose levels has been established, the
mechanisms responsible for Cd-induced changes in blood
glucose levels have yet to be elucidated. Of the many
diverse mechanisms by which Cd may increase blood
glucose levels outlined above, there is considerable evi-
dence that Cd can injure cells within the islets of Langer-
hans and subsequently influence insulin levels. Study also
showed that significant elevations of blood glucose levels
occur prior to changes in overt renal dysfunction. This
would suggest that Cd-induced elevation in fasting blood
glucose levels may in fact contribute to, the etiology of Cd-
induced renal dysfunction.

Conclusion

In conclusion, the results from previous studies, suggests
the toxic effect of Cd in various human diseases. Cd is a
persistent and widespread pollutant that affects the struc-
ture and function of several organs by generating oxidative
stress. Exposure of Cd associated with a number of ill-
nesses including cardiovascular diseases, early atheroscle-
rosis, kidney disease, and hypertension have been reported.
Although studies show a significant correlation between
cadmium exposure and occurrence of disease in human
populations, a necessary molecular mechanism has not yet
been identified. One hypothesis holds that Cd is an en-
docrine disruptor and some experimental studies have
shown that it can interact with different hormonal signal-
ing pathways. For example, cadmium can bind to
the estrogen receptor alpha, and affect signal transduction
along the estrogen and MAPK signaling pathways at low
doses Cd affects the cardiovascular system by altering
cardiovascular structure and function. Endothelial and
vascular smooth muscle cells are the major targets of Cd
toxicity. The most common single source of Cd exposure in
the general population is the Tobacco smoking. An esti-
mated 10% of the Cd content of a cigarette is inhaled
through smoking. Absorption of Cd through the lungs is
more effective than through the gut, and as much as 50% of
the Cd inhaled in cigarette smoke may be absorbed. On
average, Cd concentrations in the blood of smokers are 4
times 5 times greater and in the kidney, 2-3 times greater
than non-smokers. However, evidence to support the Bio-
chemical mechanism and its pathways in the toxicity of Cd
in human diseases is still lacking. Therefore, further studies
are needed to explore the exact mechanisms underlying the
toxic effects of Cd, in various human diseases.
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