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Figure 4.1: Toxic Heavy Metal Impact on Health 

Abstract: 

Cardiovascular diseases (CVDs) continue to be a leading cause of mortality worldwide. In 
recent years, there has been growing interest in the association between heavy metal 

exposure and cardiovascular health. Heavy metals, including lead, cadmium, mercury, and 

arsenic, are pervasive environmental pollutants that can accumulate in the body over time. 
This review aims to provide a comprehensive overview of the current understanding of the 

effects of heavy metal exposure on cardiovascular health, including their sources, 

mechanisms of toxicity, and associated cardiovascular diseases. Additionally, potential 

preventive and therapeutic strategies to mitigate the adverse effects of heavy metals on the 

cardiovascular system will be discussed. 
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4.1 Introduction: 

Cardiovascular diseases (CVDs) are a group of disorders that affect the heart and blood 

vessels, including conditions such as coronary artery disease, stroke, and heart failure. 
CVDs have become a significant global health concern, accounting for a substantial 

proportion of morbidity and mortality worldwide (World Health Organization, 2019). While 

traditional risk factors such as hypertension, smoking, diabetes, and dyslipidemia contribute 
to the development and progression of CVDs, emerging evidence suggests that exposure to 

environmental pollutants, including heavy metals, may also play a role in cardiovascular 

health (Mozaffarian et al., 2016). Heavy metals are naturally occurring or anthropogenic 

elements that possess a high atomic weight and density.  
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They are widely distributed in the environment and can enter the human body through 
various routes, including inhalation, ingestion, and dermal absorption (Pourkhalili et al., 

2018).  

Over the past few decades, researchers have increasingly recognized the potential harmful 

effects of heavy metal exposure on various organ systems, including the cardiovascular 

system (Figure 4.1).  

Heavy metals such as lead, cadmium, mercury, and arsenic have been identified as toxicants 
that can exert detrimental effects on cardiovascular health (Chattopadhyay et al., 2020). 

While the mechanisms underlying heavy metal-induced cardiovascular toxicity are 

multifactorial and complex, oxidative stress, inflammation, endothelial dysfunction, and 
altered ion channel function are among the key mechanisms involved (Chattopadhyay et al., 

2020; Santhanasabapathy et al., 2020).  

Heavy metal exposure as a risk factor for cardiovascular diseases has gained attention due 

to its pervasiveness in the environment and its potential to contribute to the global burden 
of CVDs. Understanding the impact of heavy metals on cardiovascular health is crucial for 

developing effective preventive strategies and interventions to reduce the adverse health 

outcomes associated with heavy metal exposure (Pourkhalili et al., 2018). 

4.2 Heavy Metals and Sources of Exposure: 

4.2.1 Lead: 

Lead is a highly toxic heavy metal that has been extensively studied due to its detrimental 
effects on human health. It is primarily released into the environment through various 

industrial activities, such as mining, smelting, and battery manufacturing.  

Other sources of lead exposure include lead-based paints, contaminated soil, drinking water 

from plumbing systems with lead pipes or fittings, and certain consumer products (e.g., 
imported cosmetics, traditional medicines). Lead exposure is associated with adverse 

cardiovascular effects, including increased blood pressure, impaired renal function, and 

elevated risk of CVDs (Santhanasabapathy et al., 2020). 

4.2.2 Cadmium: 

Cadmium is a toxic heavy metal that is widely used in industries such as battery 
manufacturing, metal plating, and phosphate fertilizers. Environmental contamination 

occurs through the release of cadmium from mining and industrial processes, as well as 

from agricultural practices.  

Dietary intake is a significant route of exposure, particularly through consumption of 

contaminated food, such as shellfish, grains, and vegetables. Cadmium exposure has been 
linked to increased risk of hypertension, atherosclerosis, and impaired endothelial function 

(Satarug et al., 2017). 
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4.2.3 Mercury: 

Mercury exists in various forms, including elemental mercury, inorganic mercury 

compounds, and organic mercury compounds (e.g., methylmercury). It is released into the 

environment through natural processes (e.g., volcanic activity) as well as human activities 

such as coal burning, gold mining, and waste incineration.  

Consumption of contaminated fish and seafood is the primary route of human exposure to 
methylmercury. Mercury exposure has been associated with adverse cardiovascular effects, 

including increased risk of hypertension, myocardial infarction, and cardiovascular 

mortality (Salonen et al., 2020). 

4.2.4 Arsenic: 

Arsenic is a naturally occurring metalloid that exists in inorganic and organic forms. It is 

found in groundwater and can contaminate drinking water sources in certain regions.  

Arsenic exposure also occurs through consumption of contaminated food, particularly rice 

and rice products. Industrial activities such as mining, smelting, and pesticide use contribute 

to environmental arsenic contamination. Chronic arsenic exposure has been associated with 
an increased risk of CVDs, including hypertension, atherosclerosis, and peripheral vascular 

disease (Navas-Acien et al., 2021). 

4.3 Sources of Heavy Metal Exposure: Environmental, Occupational, and 

Dietary: 

4.3.1 Environmental Sources: 

Heavy metals can enter the environment through natural processes, such as weathering and 

erosion of rocks and soil. However, human activities significantly contribute to heavy metal 

contamination.  

Industrial emissions, including those from mining, smelting, and combustion processes, 
release heavy metals into the air, soil, and water. These pollutants can then be transported 

over long distances and deposited in various ecosystems, posing a risk to human populations 

(Guo et al., 2012). 

4.3.2 Occupational Sources:  

Certain occupations involve a higher risk of heavy metal exposure due to the nature of the 
work involved. Workers in industries such as mining, smelting, battery manufacturing, and 

metal plating are at particular risk of occupational exposure to heavy metals.  

These individuals can be exposed to high levels of heavy metals through inhalation, dermal 

contact, or ingestion of contaminated food and water in the workplace (Satarug et al., 2017). 
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4.3.3 Dietary Sources: 

Food and water can serve as significant sources of heavy metal exposure. Heavy metals can 

accumulate in plants through uptake from contaminated soil or water. Crops grown in areas 

with high soil metal concentrations or irrigated with contaminated water can accumulate 

heavy metals, which can then enter the food chain. Seafood, particularly predatory fish, can 
be a major source of heavy metals, as they can bio accumulate heavy metals from 

contaminated aquatic environments (Pourkhalili et al., 2018). 

4.4 Bioaccumulation and Persistence of Heavy Metals in The Body: 

Heavy metals have the potential to accumulate in various tissues and organs of the body, 

leading to long-term exposure and adverse health effects. The bioaccumulation of heavy 
metals occurs when the rate of intake or absorption exceeds the rate of elimination or 

excretion.  

Once inside the body, heavy metals can bind to proteins and accumulate in tissues with high 

affinity, such as the liver, kidneys, brain, and bones. The persistence of heavy metals in the 
body varies depending on the specific metal and its chemical form. Some heavy metals, like 

lead and cadmium, have long biological half-lives, meaning they can persist in the body for 

extended periods. Lead, for instance, has a half-life of approximately 25 years in the bones, 

leading to continuous release into the bloodstream over time. Other heavy metals, such as 
mercury, can be transformed into more toxic forms, such as methylmercury, which has a 

longer half-life and higher potential for bioaccumulation in certain tissues. The 

bioaccumulation and persistence of heavy metals in the body contribute to the cumulative 
toxic effects associated with chronic exposure. The continuous presence of heavy metals in 

tissues can disrupt normal physiological processes, leading to oxidative stress, 

inflammation, cellular damage, and disruption of vital organ functions, including the 

cardiovascular system. 

4.5 Mechanisms of Heavy Metal Toxicity: 

4.5.1 Oxidative Stress and Free Radical Generation: 

Heavy metals can induce oxidative stress by promoting the generation of reactive oxygen 

species (ROS) and impairing the antioxidant defense system. The excessive production of 

ROS overwhelms the cellular antioxidant capacity, leading to oxidative damage to lipids, 
proteins, and DNA. This oxidative stress plays a crucial role in heavy metal-induced 

cardiovascular toxicity (Bouayed et al., 2010). 

4.5.2 Inflammation and Immune System Dysregulation: 

Heavy metals can trigger an inflammatory response in the cardiovascular system. They can 

activate pro-inflammatory signaling pathways, such as nuclear factor-kappa B (NF-κB), and 
stimulate the release of pro-inflammatory cytokines, such as tumor necrosis factor-alpha 

(TNF-α) and interleukin-6 (IL-6). This chronic inflammation contributes to the 

development and progression of cardiovascular diseases (Huang et al., 2020). 
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4.5.3 Endothelial Dysfunction and Impaired Vascular Reactivity: 

Heavy metal exposure can disrupt endothelial function, which is critical for maintaining 

vascular homeostasis. Heavy metals impair endothelium-dependent vasodilation by 

reducing the bioavailability of nitric oxide (NO), a potent vasodilator. They can also 

increase the production of vasoconstrictor molecules, such as endothelin-1 (ET-1). These 
effects contribute to endothelial dysfunction and impaired vascular reactivity 

(Chattopadhyay et al., 2020). 

4.5.4 Disruption of Ion Channels and Calcium Homeostasis: 

Heavy metals can interfere with the normal functioning of ion channels in cardiac and 

vascular cells. They can disrupt calcium signaling pathways, leading to abnormal 
intracellular calcium levels. This disruption can impair cardiac contractility, disrupt the 

electrical conduction system, and promote arrhythmias. Calcium dysregulation also 

contributes to vascular smooth muscle dysfunction and hypertension (Varga et al., 2018). 

4.5.5 Alterations in Lipid Metabolism and Atherosclerosis Progression: 

Heavy metal exposure has been associated with alterations in lipid metabolism, including 
increased oxidative modification of lipids and dyslipidemia. Heavy metals can promote the 

oxidation of low-density lipoprotein (LDL), leading to the formation of oxidized LDL 

(oxLDL), a key contributor to atherosclerosis development. Additionally, heavy metals can 
modulate lipid metabolism-related genes and promote lipid accumulation in vascular cells, 

further contributing to atherosclerotic plaque formation (Meng et al., 2018). 

4.6 Cardiovascular Effects of Heavy Metal Exposure: 

4.6.1 Hypertension and Blood Pressure Regulation: 

Heavy metal exposure has been associated with an increased risk of hypertension and 
alterations in blood pressure regulation. Lead and cadmium exposure, in particular, have 

been linked to elevated blood pressure levels and an increased prevalence of hypertension 

(Navas-Acien et al., 2009). The mechanisms underlying heavy metal-induced hypertension 

involve oxidative stress, endothelial dysfunction, and disruption of renal sodium and water 

handling (Santhanasabapathy et al., 2020). 

4.6.2 Endothelial Dysfunction and Impaired Nitric Oxide Signaling: 

Heavy metals can impair endothelial function, leading to endothelial dysfunction. 

Endothelial cells play a crucial role in maintaining vascular homeostasis by producing nitric 

oxide (NO), a potent vasodilator. Heavy metal exposure can reduce NO bioavailability 
through oxidative stress, inhibition of endothelial NO synthase (eNOS) activity, and 

increased degradation of NO by reactive oxygen species (ROS) (Valko et al., 2007). This 

endothelial dysfunction contributes to vasoconstriction, impaired vascular reactivity, and 

increased susceptibility to cardiovascular diseases. 
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4.6.3 Cardiac Dysfunction and Structural Remodeling: 

Heavy metal exposure has detrimental effects on cardiac function and structure. Lead 

exposure, in particular, has been associated with cardiac dysfunction, including impaired 

contractility, altered calcium handling, and disrupted electrical conduction (Rigobello et al., 

2012).  

Cadmium exposure has been linked to cardiac structural remodeling, characterized by 
fibrosis, hypertrophy, and impaired cardiac function (Rajendran et al., 2020). These effects 

contribute to the development of heart failure and other cardiovascular complications. 

4.6.4 Atherosclerosis and Plaque Formation: 

Heavy metal exposure has been implicated in the development and progression of 

atherosclerosis. Heavy metals, such as lead and cadmium, can promote oxidative stress, 
inflammation, and endothelial dysfunction, which are key processes involved in the 

initiation and progression of atherosclerotic plaque formation (Kim et al., 2021). 

Additionally, heavy metals can modulate lipid metabolism, promote lipid accumulation, and 
enhance the formation of oxidized LDL, further contributing to atherosclerosis development 

(Meng et al., 2018). 

4.6.5 Thrombosis and Platelet Activation: 

Heavy metal exposure can increase the risk of thrombotic events by promoting platelet 

activation and aggregation. Mercury and lead, in particular, have been shown to induce 
platelet activation, enhance thromboxane A2 production, and impair platelet function 

(Ahmad et al., 2018). These effects can lead to increased thrombus formation, platelet 

adhesion, and a prothrombotic state. 

4.6.6 Arrhythmias and Electrocardiographic Changes: 

Heavy metals have the potential to induce cardiac arrhythmias and produce 
electrocardiographic changes. Lead exposure, for example, has been associated with 

prolonged QT interval, ST-segment depression, and alterations in cardiac repolarization 

(Gump et al., 2020). Heavy metals can disrupt ion channel function, interfere with calcium 
handling, and disturb the electrical conduction system, thereby increasing the risk of 

arrhythmias and abnormal cardiac rhythm. 

4.7 Epidemiological Studies: 

Overview of population-based studies linking heavy metal exposure and cardiovascular 

outcomes: 

Numerous population-based studies have investigated the association between heavy metal 
exposure and cardiovascular outcomes. These studies have provided valuable insights into 

the potential health risks posed by heavy metal exposure.  
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For instance, a cohort study conducted in the United States found that higher blood lead 
levels were associated with an increased risk of cardiovascular mortality (Menke et al., 

2006). Similarly, a population-based study in Finland reported an association between 

higher blood mercury levels and accelerated progression of carotid atherosclerosis (Salonen 
et al., 2020). These studies, among others, highlight the importance of understanding the 

cardiovascular effects of heavy metal exposure. 

4.7.1 Meta-Analyses and Systematic Reviews Assessing the Association 

Between Heavy Metals and Cardiovascular Diseases (CVDs): 

Meta-analyses and systematic reviews have been conducted to synthesize the findings from 
multiple studies and provide a comprehensive evaluation of the association between heavy 

metal exposure and CVDs. For example, a systematic review and meta-analysis examining 

the association between lead exposure and hypertension reported a positive association 

between blood lead levels and the risk of hypertension (Satarug et al., 2017).  

Another meta-analysis investigating the association between cadmium exposure and CVDs 

found a significant positive association between urinary cadmium levels and the risk of 

coronary heart disease (Cd). These meta-analyses provide robust evidence supporting the 

relationship between heavy metal exposure and cardiovascular outcomes. 

4.7.2 Evidence of Dose-Response Relationships and Potential Confounders: 

Epidemiological studies have also provided evidence of dose-response relationships 

between heavy metal exposure and cardiovascular outcomes. For instance, a study 

conducted in Iran found a significant association between blood lead levels and the risk of 
hypertension, and further analysis revealed a dose-response relationship, with higher lead 

levels associated with an increased risk of hypertension (Pourkhalili et al., 2018).  

Additionally, studies have attempted to account for potential confounding factors such as 

age, sex, smoking, and socioeconomic status to ensure that the observed associations are 

not solely influenced by these factors. Adjusting for these confounders strengthens the 
evidence of the independent association between heavy metal exposure and cardiovascular 

outcomes. 

4.8 Potential Preventive Strategies: 

4.8.1 Regulatory Measures and Environmental Policies: 

Implementing and enforcing regulatory measures and environmental policies is crucial in 
reducing heavy metal exposure and protecting cardiovascular health. These measures 

include setting permissible limits for heavy metal concentrations in air, water, soil, and 

consumer products. Strict regulations on industrial emissions, waste management, and the 

use of heavy metals in manufacturing processes help to minimize environmental 
contamination. Additionally, promoting sustainable practices, such as the use of alternative 

non-toxic materials, can further reduce heavy metal exposure (Filippini et al., 2020 and 

Ravichandran et. al.,2020,2021,2022). 
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4.8.2 Occupational Health and Safety Guidelines: 

Occupational exposure to heavy metals is a significant concern for certain industries. 

Establishing and enforcing occupational health and safety guidelines is essential to protect 

workers from heavy metal exposure and associated cardiovascular risks. These guidelines 

may include implementing engineering controls, such as ventilation systems, to minimize 
airborne heavy metal concentrations, providing personal protective equipment, and 

implementing regular monitoring of workers' heavy metal levels (Tchounwou et al., 2012). 

4.8.3 Dietary Interventions and Nutritional Approaches: 

Dietary interventions and nutritional approaches can play a crucial role in reducing heavy 

metal exposure and mitigating their cardiovascular effects. For instance, consuming a well-
balanced diet rich in antioxidant nutrients, such as vitamins C and E, selenium, and 

polyphenols, may help counteract the oxidative stress induced by heavy metals (Nigam et 

al., 2019).  

Additionally, certain dietary components, such as dietary fibers, can help reduce heavy 
metal absorption in the gastrointestinal tract (Brzóska et al., 2020). Consumption of 

contaminated food, particularly seafood, should be monitored, and food safety regulations 

should be strictly enforced to minimize dietary heavy metal exposure. 

4.8.4 Chelation Therapy and Metal Detoxification: 

Chelation therapy involves the administration of chelating agents that bind to heavy metals 
in the body, forming stable complexes that are excreted through urine. Chelation therapy 

has been used as a treatment approach to reduce heavy metal burden in individuals with 

high levels of exposure. However, the use of chelation therapy for cardiovascular disease 
prevention and treatment remains controversial, and its effectiveness and safety need further 

evaluation (Lamas et al., 2019). The decision to use chelation therapy should be made on 

an individual basis, taking into consideration the specific heavy metal exposure, associated 

health risks, and potential benefits. 

4.9 Future Directions and Challenges: 

4.9.1 Research Gaps and Areas Requiring Further Investigation: 

While considerable research has been conducted on the cardiovascular effects of heavy 

metal exposure, there are still several research gaps that need to be addressed. For example, 

more studies are needed to explore the long-term effects of heavy metal exposure on 
cardiovascular health, particularly in vulnerable populations such as children and pregnant 

women. Additionally, further research is needed to understand the mechanisms by which 

heavy metals induce cardiovascular toxicity and the interplay between heavy metal 

exposure and genetic susceptibility. Exploring the effects of chronic low-level exposure to 
multiple heavy metals and their cumulative effects on cardiovascular health is also an 

important area of future investigation. 
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4.9.2 The Need for Standardized Biomarkers of Heavy Metal Exposure: 

The development and validation of standardized biomarkers of heavy metal exposure are 

essential for accurate assessment and monitoring of heavy metal toxicity. Currently, 

biomarkers such as blood, urine, and hair are used to assess heavy metal exposure. However, 

there is a need for standardized and reliable biomarkers that can accurately reflect exposure 
levels and predict the risk of cardiovascular outcomes. This will enable better risk 

assessment, early detection, and intervention strategies. 

4.9.3 Developing Personalized Approaches to Mitigate Heavy Metal Toxicity: 

Given the inter-individual variability in response to heavy metal exposure and the complex 

nature of cardiovascular diseases, personalized approaches are needed to mitigate heavy 
metal toxicity. This includes identifying individuals who are more susceptible to the adverse 

effects of heavy metals and tailoring prevention and treatment strategies accordingly.  

Personalized approaches may involve genetic profiling, biomarker assessment, and lifestyle 

modifications based on individual risk factors and heavy metal exposure levels. Moreover, 
exploring the potential of targeted therapies, such as antioxidant supplementation and 

specific chelating agents, for individuals with heavy metal-induced cardiovascular toxicity 

could be a promising avenue for future research. 

4.9.4 Advancements in Technology and Analytical Methods: 

Continued advancements in technology and analytical methods are essential for improving 
our understanding of heavy metal exposure and its cardiovascular effects. This includes the 

development of sensitive and specific techniques for measuring heavy metal levels in 

various biological samples. Advanced imaging techniques, such as molecular imaging, can 
provide valuable insights into the localization and distribution of heavy metals within the 

cardiovascular system. Furthermore, omics technologies, including genomics, proteomics, 

and metabolomics, can help identify novel biomarkers and unravel the underlying molecular 

mechanisms of heavy metal-induced cardiovascular toxicity. 

4.10 Conclusion: 

Heavy metal exposure is emerging as an important risk factor for cardiovascular health. The 

reviewed evidence demonstrates that heavy metals such as lead, cadmium, mercury, and 

arsenic can adversely affect the cardiovascular system through various mechanisms, 

including oxidative stress, inflammation, endothelial dysfunction, and disruption of ion 
channels and lipid metabolism. Epidemiological studies, meta-analyses, and systematic 

reviews have provided strong evidence linking heavy metal exposure to hypertension, 

endothelial dysfunction, cardiac dysfunction, atherosclerosis, thrombosis, and arrhythmias.  

To mitigate the cardiovascular effects of heavy metal exposure, various preventive 
strategies can be implemented. Regulatory measures and environmental policies play a 

crucial role in reducing heavy metal exposure by setting permissible limits, controlling 

industrial emissions, and promoting sustainable practices.  
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Occupational health and safety guidelines are important for protecting workers from 
occupational exposure. Dietary interventions, such as consuming a balanced diet rich in 

antioxidants and reducing the consumption of contaminated foods, can also help minimize 

exposure. Furthermore, the use of chelation therapy for heavy metal detoxification should 
be carefully considered on an individual basis. Despite the progress made, there are still 

research gaps that need to be addressed. Further studies are needed to understand the long-

term effects of heavy metal exposure, the mechanisms underlying cardiovascular toxicity, 

and the cumulative effects of multiple heavy metals.  

Standardized biomarkers of heavy metal exposure are crucial for accurate assessment and 
monitoring, while personalized approaches based on individual risk factors and exposure 

levels can help tailor prevention and treatment strategies. In conclusion, the evidence 

presented in this review highlights the importance of recognizing heavy metals as 
significant contributors to cardiovascular diseases. Understanding the mechanisms of heavy 

metal toxicity, implementing preventive measures, and developing personalized approaches 

are essential steps toward protecting cardiovascular health in the face of heavy metal 

exposure.  

Overall, addressing the challenges associated with heavy metal exposure and cardiovascular 
health requires collaborative efforts from researchers, policymakers, healthcare providers, 

and individuals to ensure a safer environment and promote cardiovascular well-being. 
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