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Cardiovascular disease (CVD) is the predominant cause of death worldwide, leading to at least 

18 million lives lost per year worldwide

Rapid industrialization, urbanization and economic growth have increased heavy metal  exposure.

- Lead exposure is due to gasoline, cigarette smoke, manufacturing processes, and domestic lead-

based  paints.

- Cadmium exposure can be attributed to cigarette smoke and contaminated food or water

- Mercury, the primary source is contaminated seafood (e.g., fish, shellfish)

-Inorganic Arsenic is a potent toxic and carcinogenic metalloid (intermediate properties between 

metals and nonmetals) found in water, soil, food (rice), and air.
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Introduction



Lead and cadmium may disturb blood clotting and increase the risk of  CVDs

Heavy metals catalyzes the production of reactive oxygen species (ROS) and 

induces infammatory mediators leading to damage to endothelial vascular  cells.

5



Sources of Exposure and Pharmacokinetics

Lead production has continued to grow, from 8 million tons globally

in 2006 to 12 million tons in 2018.

Exposed sources of lead and cadmium including old paint, tobacco

products (conventional cigarettes and e- cigarettes), secondhand

smoke, acid- lead batteries, contaminated foods.
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Divalent cations and both can be efficiently absorbed through the

respiratory and gastrointestinal tracts

Both metals gain intracellular access via transporters of essential metals

Excretion of these metals has half-lives of decades.
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Arsenic. Known as a poison for centuries, it was widely used in medicine before the

introduction of antibiotics.

Inorganic arsenic in water is completely absorbed through the gastrointestinal tract

using water channels (aquaporins)

After exposure, inorganic arsenic is methylated into mono- and dimethyl arsenic

compounds, metabolites that are excreted in the urine.

Women, in general, are more efficient arsenic methylators than men.
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Biological Mechanisms

Endothelial Injury

Cadmium and arsenic enhance endothelial cell expression of adhesion
molecules, altering signaling, increasing permeability, and inducing
oxidative stress and inflammation, all proatherosclerotic stimuli

Inflammatory Mediators

Increased release of proinflammatory cytokines and inflammatory
mediators, such as cyclooxygenase-2, lipoxygenases, prostaglandins, and
acute phase proteins, such as C-reactive protein

9



Biological Mechanisms

Oxidative Stress

Lead and cadmium compete with copper and zinc, essential elements that play a

fundamental role on cellular transport and redox balance maintenance. Increased

levels of reactive oxygen species can increase oxidized lipids/lipoproteins,

promoting atherosclerotic plaque formation.

Lipid Metabolism

Lead and cadmium levels in the body have been associated with differential

circulating lipid profiles. Arsenic alters cellular lipid homeostasis, such that

macrophages retain lipids resulting in foam cell formation and increased

atherosclerotic plaque
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Biological Mechanisms

Heart Rhythm and the ECG

Chronic arsenic exposure interfering with intracellular calcium

accumulation in myocardial tissues via reduced surface expression of the

cardiac potassium channel human. Increased risk of QT prolongation

Epigenomic Effects

Lead, cadmium, and arsenic have epigenomic effects, including effects on

DNA methylation and histone modifications, influencing gene expression

and downstream transcription. macrophages retain lipids resulting in foam

cell formation and increased atherosclerotic plaque
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Biological Mechanisms

Ischemic Heart Disease and Stroke

In general population from Spain, urinary cadmium was associated with incident
CVD

In China, cadmium and arsenic were associated with increased incidence of
ischemic heart disease, ischemic stroke, and overall stroke

United States, urinary cadmium as well as monomethylarsonate, a metabolite of
inorganic arsenic, were positively associated with incident ischemic stroke.

Heart Failure

Blood lead has been associated with left ventricular hypertrophy in several
studies

Urinary arsenic and cadmium was positively associated with heart failure
incidence
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Biological Mechanisms

Death

lead, cadmium, and arsenic are associated with premature death,

attributable in large part to increased CVD risk.

Studies in Taiwan, Chile, and Bangladesh have consistently shown that

arsenic levels in drinking Water >50 μg/L are associated with increased all-

cause and cardiovascular death.
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Interventions

Public Health Interventions

Minimize metal contamination of air, water, food, and soil

Tobacco control

Medical Interventions

Chelating agents with high affinity for toxic metals, particularly the

edetates (EDTA and its salts), and dimercaptosuccinic acid (succimer)

remove contaminant metals, especially lead and cadmium, from the human

body.

Healthy diet/lifestyle and nutritional supplementation such as folate

(vitamin B-9) and N-Acetyl cysteine.
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Conclusions:

Exposure to metals constitutes a significant risk factor for CVD, including

ischemic heart disease, stroke, and peripheral artery disease (PAD).

Contaminant metals may replace biologically essential metals bound to critical

proteins and that such protein dysfunction contributes to tissue oxidative stress

as well as local and systemic inflammation.

Prevent and treat water, air, soil, and food pollution incorporating cost– benefit

analyses that estimate the cardiovascular benefits.
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