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Contribution of Environmental Toxicants and Lifestyle in 

Development of Cardiovascular Diseases 

 

nvironmental pollutants and lifestyle factors are significantly contribute to the development of 

cardiovascular diseases (CVD), which are the major cause of mortality and morbidity worldwide. 

Exposure of heavy metals such as lead, chromium and Arsenic particulate matter (PM 2.5 and PM 10), 

and persistent organic pollutants like dichloro diphenyl trichloroethane and dichlorodiphenyl 

dichloroethylene are critical factors affecting cardiovascular health and cause CVD. Evidence suggests that 

these pollutants and various lifestyle choices such as smoking, and physical inactivity, activates multiple 

pathways including oxidative stress, systemic inflammation, and endothelial dysfunction thereby increasing 

risk of CVD. This review aims to critically analyze the complex relationship between environmental 

contaminants and sedentary lifestyle and their involvement in CVD risk.  
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Introduction 

In the environment, various hazardous pollutants or 

environmental toxicants such as pesticides, plastic 

additives, contaminated soil, polluted water, and air 

pollution are present that negatively impact the health 

of human and other living organisms and can cause 

multiple disease. These toxicants can enter human 

body through various processes such as ingestion, 

inhalation, adsorption and absorption leading to 

diseases related to reproductive system, nervous 

system, intestinal disorder, bone disease, cancers and 

CVDs [1]. Nowadays the environment including soil, 

air, and water are contaminated by various hazards 

substances for example, air pollution by particulate 

matter (PM 2.5) which consist of fine particles smaller 

than 2.5 micrometers in diameter. The air is 

contaminated by various gases including carbon 

monoxide, sulfur dioxide, ozone, nitrogen oxides, 

heavy metals, volatile organic compounds which are 

emitted from vehicle exhaust, industrial activities and 

fuel combustion [2]. Water pollutants such as 

agricultural waste, industrial waste, pesticides, heavy 

metals, plastic additives, and others contaminate 

drinking water and cause waterborne diseases [3]. The 

soil becomes polluted with pesticides, heavy metals, 

plastic additives, and organic pollutants, which can 

potentially enter the food chain via cultivation of crops 

in contaminated soil [4]. 

CVDs are disorders of blood vessels and heart 

including heart failure, peripheral arterial disease, 

stroke, aortic disease and coronary artery disease. 

These diseases are major contributor to mortality and 

morbidity worldwide imposing a significant burden on 

individuals, families, and health care systems globally 

[5]. Nowadays the addressing growing burden of CVDs 

requires a multifaceted approach that targets risk 

factors, promotes early detection and support the 

management of healthy lifestyles and environments 

[6]. Additionally, it has been noted that besides 

exposure to environmental contaminants, some 

modifiable risk factors such as smoking, poor diet, and 

physical inactivity act as powerful contributors, 

intensifying the negative effects of these toxins and 

increasing the risk of CVD [7,8]. Figure 1 represents the 

various environmental pollutants and lifestyle factor 

involved in occurrence of CVD. 

Socioeconomic effect of environmental toxicants 

Environmental toxicants adversely affect the social and 

economic development of impacted populations in 

addition to their health, particularly in underprivileged 

communities where exposure to these hazardous 

substances is higher.  According to the National Health 

and Nutrition Examination Survey (NHANES), 

environmental toxicants such as lead (Pb), cadmium 

(Cd), antimony (Sb), arsenic (As) mercury (Hg), 

thallium (Tl), cesium (Cs), , benzophenone-3, 

perfluorononanoic acid (PFNA), perfluorooctanoic acid 

(PFOA), mono(carboxyoctyl) phthalate, and three 

phthalates (mono-benzyl, mono-isobutyl, and mono-n-

butyl) and bisphenol A have been associated and low 

blood pressure in children living in poverty [9]. 

Exposure to environmental toxins varies worldwide and 

depends on socioeconomic status. Countries with low 

socioeconomic experience higher exposure of 

dichlorodiphenyl dichloroethylene (DDE) and 

dichlorodiphenyl trichloroethane (DDT) whereas, 

higher socioeconomic status are more frequently 

exposed to polychlorinated biphenyls and mercury [10]. 

According to global health data, PM2.5-related 

illnesses and deaths resulted in economic losses about 

$5.7 trillion in 2016, or 4.8% of the global GDP. The 

highest costs were observed in South Asia and East Asia 

& the Pacific where expenses reach up to 7.3% and 

5.4% of global GDP respectively, region largely 

comprises low- and middle-income population [11]. In 

Latin America and the Caribbean were cost 2.4% of 

GDP. The economic impact was particularly significant 

in countries like China and India (7.5–8%) and upper-

middle-income countries (6.0%). Although the cost 

were lower in low-income countries (2.7%), but burden 

is still significant due to their inadequate health 

systems. Premature deaths accounted for about 87% of 

these expenses, demonstrating the fatal effects of 

unequal pollution exposure on susceptible groups [11]. 

The aim of this review is to critically  the complex 

relationship between environmental contaminants and 

sedentary lifestyle and involved in CVD risk. 

  
Figure 1: Various environmental pollutants contributing to 

the occurrence of cardiovascular disease. 



 

 Advancements in Life Sciences  |  www.als-journal.com  |  November 2025  | Volume 12  |  Issue 4                    712 
 

als als 

Contribution of Environmental Toxicants and Lifestyle in Development of Cardiovascular Diseases 
You’re reading 

Methods  

Literature search strategy and selection criteria 

The literature was searched in PubMed database using 

Boolean operators were used to combine relevant 

keywords like ("environmental pollutants" OR "air 

pollution" OR "particulate matter" OR "PM2.5" OR 

"heavy metals" OR "persistent organic pollutants" AND 

("cardiovascular disease" OR "heart disease" OR 

"atherosclerosis") AND ("oxidative stress" OR 

"inflammation" OR "endothelial dysfunction"). To 

ensure the inclusion of recent and relevant research, 

further we applied filters to limit the results to papers 

that were published last five years free full text 

research articles and included relevant data.  

First, records were identified from the PubMed 

database, resulting in 647 entries. Prior to screening, 

387 records were excluded because they were published 

more than five years ago, 101 were removed due to 

unavailability of full text, and 138 were marked as 

ineligible for lack of associated data. In the next phase, 

21 records were screened in detail. All 21 records were 

sought for retrieval and assessed for eligibility. During 

this assessment, studies were further excluded: 6 

review articles, 6 studies involving non-human 

subjects, 1 study on non-cardiovascular disease, and 1 

review article with only a study protocol. Ultimately, 7 

studies were included in the final systematic review 

after following this rigorous selection process. The 

PRISMA diagram [12] represented in figure 2. 

 
Figure 2: PRISMA diagram of selection of studies for literature 

review. 

 

Discussion 

S. No. Country Year 

Environmental 

Toxicants Participants 

Specific 

Pollutants Effect Reference 

1 UK 2021 Noise Pollution 502651 

Noise in road 

traffic (more than 

65 decibel) 

TG, HbA1c, SBP, 

DBP [13] 

2 US 2021 Air Pollution 6,814 

O3, NO2, PM 2.5 

and SO2 

(sLOX-1), NO 

cause vascular 

complication [14] 

3 US 2021 Air Pollution 503 PM  >2.5 

leukopoietic 

activity and 

arterial 

inflammation [15] 

4 USA 2021 Heavy Metal 392 

Pb, Mn, Fe, and 

Zn 

IL-6, IL-1β, and 

TNF-α [16] 

5 USA 2021 Air Pollution 299 

PAH4, PAH5, 

PAH6, NO2, 

>PM2.5 HbA1c, SBP, DBP [17] 

6 China 2021 Air Pollution 7915 

PM2.5, PM10, 

PM1, and NO2 

hsCRP and 

inflammatory 

response [18] 

7 

USA 

2021 Organic Pollutants 615 

1,3- 

Butadiene, 

Acrolein, and 

Crotonaldehyde 

SBP, endothelial 

function, 

norepinephrine 

and 

normetanephrin

e [19] 

UK: United kingdom, USA: United State of America, US: United States, TG: triglycerides, SBP: systolic 

blood pressure, DBP: diastolic blood pressure,  sLOX-1: Soluble lectin-like oxidized LDL receptor-1,  IL-6: 

Interleukin -6, IL-1β: Interleukin 1 beta, and TNF-α: Tumour necrosis factor-alpha, PAH4, PAH5, PAH6: 

(polycyclic aromatic hydrocarbons with 4, 5, or 6 rings), NO2: Nitrogen Dioxide, PM2.5: Particulate matter 

2.5, PM10: Particulate matter10 

Table 1: Basic included study in systematic literature review. 

This systematic literature review highlights 

significant effects of environmental toxicants on 

cardiovascular health and identify a few mechanisms by 

which these exposures lead to the development of 

disease, including oxidative stress, inflammation, and 

metabolic dysregulation. increased glycated 

haemoglobin Various environment toxicants and their 

pathophysiology (Figure 1) are given below. 

Many environmental toxicants increase the risk of 

cardiovascular disease by several ways as follows. Noise 

pollution more than 65 decibel (db) from road traffic, 

increases glycated haemoglobin, serum triglycerides, 

and systolic and diastolic blood pressure, cause 

hemodynamic stress and metabolic disruption [13]. The 

air pollutants for example SO₂, NO₂, O₃, and PM 2.5 

have been associated increased level of soluble lectin-

like oxidised low density lipoprotein receptor-1 (sLOX-

1), oxidative stress and vascular inflammation [14]. 

Additionally, exposure to PM 2.5 or higher, is 

significantly related with decreased leukopoiesis and 

contribute in inflammation within arteries [15]. 

Exposure to heavy metals like lead, manganese, and 

iron increased levels of interleukin -6 (IL-6), 

interleukin 1 beta (IL-1β), and tumour necrosis factor-

alpha (TNF-α), cause immune-mediated vascular 

injury. [16]. Additionally, Traffic-related air pollution is 

associated with impaired glucose metabolism and 

hypertension by altering systolic blood pressure and 

HbA1c levels [17]. In environmental pollution the air 

pollution has a major contribution to increase risk of 

CVDs. The air particles, particulate matter (PM) 2.5 to 
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less than 10 micrometres are significantly associated 

with risk of CVDs [18].  Study from USA observed 

exposure of traffic-related air pollution is associated 

with increased risk of high blood pressure and CVDs 

[19]. These findings represent that various 

environmental toxicants impact the CVDs via several 

pathways that include oxidative stress, systemic 

inflammation, endothelial dysregulation, and 

metabolic disturbances (Table 1). 

Cardiovascular disease and pollution  

Globally, leading cause mortality and disability is 

CVDs. it is estimated that in 2019, approximately 18.6 

million deaths reported in worldwide [20]. The 

pollution also known as unused and unwanted 

substances was through into environment by humans 

[21] which is another risk factor for occurrence of 

CVDs. Studies suggest that the small particle air (air 

pollution) can show some harmful effects in 

cardiovascular and circulatory systems [22,23].  The 

detailed pathophysiology of cardiovascular by pollution 

is as follows.  

Pathophysiology of cardiovascular disease in pollution 

The air borne particulate matter is the mixture of many 

chemical compounds and aerosol of small droplets; 

solid substance and their size vary. The size of PM 2.5 

is 2.5 micrometres (µm) or less and size of PM 10 is 10 

µm or less. Due to the small and tiny size of these 

particles may enter human body via various process 

like inhalation and travel to blood stream cause 

vascular toxicity and oxidative stress and reached to 

respiratory tract and impacting respiratory system [24]. 

Moreover, PM exposure affects the calcium regulation 

in cardiomyocytes and elevate cytosolic calcium levels 

and cause hypertrophy and contractility of 

cardiomyocytes. Overall combined effects of oxidative 

stress and increased calcium open pore of 

mitochondrial permeability and effect mitochondrial 

function and further harms the cardiovascular system 

[25]. In the cells of endothelium PM reduces nitric 

oxide and cause dysfunction of endothelial cells cause 

vasoconstriction [26]. Additionally, it causes oxidative 

stress and pulmonary inflammation, which activates 

the release of inflammatory cytokines. This 

inflammation cause endothelial dysfunction 

contributes to rupture of atherosclerosis plaques and 

cause thrombosis. Additionally, PM-induced ROS cause 

endothelial dysfunction, increase blood pressure, and 

activate the Rho/ROCK pathway [27,28].  

Cardiovascular disease and heavy metals 

Naturally, heavy metals are found in Earth’s crust. 

Unfortunately, various industrial activities are 

introducing rapid and dramatic changes in the soil 

chemical cycle. These activities release heavy metals 

and affect plant and animal life. In the previous 50 

years the exposure of heavy metals to human 

dramatically increases [29]. Nowadays the human body 

having exposure of approximate 23 heavy metals 

including iron, copper, chromium, cerium, arsenic, 

antimony, bismuth, cadmium, cobalt and zinc by 

residuals and occupational exposure [30]. Some heavy 

metals, although of minimal importance for good 

health and can be found in food chain but these heavy 

metals can be toxic and harmful when in high 

concentrations. In the excessive amounts can lead to 

decreased energy levels, damage, and deterioration of 

organs such as brain, lungs, liver, kidneys, blood 

vascular system. Heavy metals also affect various 

metabolic pathways and accumulate in organs like 

kidney, liver and brain and fluctuate normal physiology 

of these organs. The prolong exposure of heavy metals 

can cause life-threatening disease like 

neurodegenerative disease (Alzheimer’s disease, 

Parkinsons disease), musculoskeletal (muscular 

dystrophy) and can also cause cancer. Toxic levels for 

some heavy metals can even be exceeded at 

concentrations slightly higher than their natural 

environment. It has been suggested that the heavy 

metal such as cadmium, lead and arsenic clinically 

associated with cardiovascular disease. [31, 32].  

Lead (Pb), once commonly used in gasoline, paint, 

and plumbing related materials. In the US, gasoline 

released around 200,000 tons of lead into the air each 

year, exposing nearly all population. It is suggested 

that exposure of lead affects 14 million (approximately) 

years of healthy life lost and 0.54 million deaths 

globally in 2016. In India 4.5 million (approximately) 

years lost and nearly 165,000 deaths. In the 20th century 

the major source of lead was tetraethyllead (TEL) and 

gasoline which was used as anti-knock agent in 

automobiles and engines. It was observed that 

approximately 80-90 % of cities population were under 

exposure of lead air pollution. In 1970s the products 

having led (gas and paints) were banned for lowering 

the lead pollution. India phased out leaded gas from 

1996-2000, and studies showed blood lead levels 

dropped by around 33-60% in major cities [33]. The 

contamination of Arsenic is a worldwide problem and 

poses a serious threat to various countries such as USA, 

India, China, Argentina, Bangladesh, Mexico, Taiwan 

and Chile. Humans are expose to Arsenic via by 

contaminated food and water especially pesticides used 

for agricultural and mining activities [34]. Cadmium 

used in batteries and cells, as well as in alloys, 

pigments, plastic stabilizers, paints, dyes, glassmaking, 

and galvanic industrial materials. The U.S. produces 

approximately 600 tons of cadmium compounds 

annually, with an additional 150 tons imported. Iranian 
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rice samples exceeded the FAO/WHO permitted 

cadmium level of 0.2 mg/kg, raising concerns about 

food safety and cadmium exposure through other farm 

products and seafood [35]. Study suggested that even 

low-level environmental cadmium exposure may 

contribute to heart failure risk, particularly in men [36]. 

Pathophysiology of cardiovascular disease by heavy 

metals  

A common toxic heavy metal, cadmium, accumulates in 

the vascular endothelium and results in inflammation 

and endothelial cell death. Cadmium diffuses into the 

blood vessel's media layer and enters smooth muscle 

cells because of the endothelial integrity being 

compromised. Cadmium contributes to lipid 

accumulation and atherogenic lipid profiles there by 

upsetting ion homeostasis, producing cytotoxicity, and 

encouraging smooth muscle cell proliferation even at 

low concentrations [37]. Additionally, it raises levels of 

inflammatory cytokines, which accelerate the process 

of atherosclerosis and vascular inflammation. 

Prolonged exposure to cadmium causes endothelial 

dysfunction, decreases nitric oxide bioavailability, and 

increases total cholesterol. Cadmium may also affect 

myocardial metabolism and function by compromising 

mitochondrial respiration in heart muscle cells. 

Monocytes and macrophages loaded with cadmium can 

penetrate vessel walls and form foam cells, which start 

and encourage atherosclerotic plaques [38]. 

lead exposure also a major causative factor for 

cardiovascular disease via several pathways, such as 

increased blood pressure, oxidative stress, 

inflammation, endothelial dysfunction, and renal 

impairment. In animal models, atherosclerosis has 

been demonstrated to be caused by lead at even low 

concentrations (as low as 0.8 ppm in drinking water). 

Lead can cause vascular smooth muscle cells and 

fibroblasts to proliferate at concentrations ranging 

from 0.5 to 10 µM [39]. Additionally, it damages kidney 

function, which is a major cause of high blood pressure 

and heart disease. lead-induced oxidative stress and 

reactive oxygen species damages cellular constituents 

and encourages atherosclerosis. Additionally, there is 

increased inflammation, which leads to plaque 

development and vascular damage. The imbalance in 

nitric oxide (NO) levels caused on by inflammation and 

oxidative stress causes endothelial dysfunction, which 

is characterised by decreased vasodilation and 

increased permeability. Lead can also alter the 

cardiovascular system's autonomic regulation, which 

can result in arrhythmias and other cardiac problems 

[40]. 

Arsenic activates Rac1-GTPase in vascular cells 

through Gαi-coupled receptor subtypes, which in turn 

stimulates NADPH oxidase (NOX) activity, leading to 

superoxide anion (O₂⁻) production, ROS generation, 

oxidative stress, endothelial dysfunction, and 

inflammation. [41]. The chronic exposure of arsenic 

disrupts nitric oxide signalling, which exacerbates 

endothelial dysfunction and affect adhesion molecules 

on cell surface, which increase leukocyte infiltration 

into blood vessel walls and accelerate the formation of 

atherosclerotic lesions. When combined, these effects 

increase the risk of arsenic exposure-related 

hypertension, atherosclerosis, and ischaemic heart 

disease and CVD [42]. 

Cardiovascular disease and Persistent organic 

pollutants 

Persistent organic pollutants (POPs) act as non-

degradable toxicants and environmental pollutants. 

These POPs are entering into food chain and build up 

in the living tissues, which have a bad impact on 

human health. These POPs are ranges of chemicals, 

including industrial chemicals like polychlorinated 

biphenyls (PCB), dichlorodiphenyltrichloroethane 

(DDT), and byproducts of industrial process (like 

dioxins and furans) [43]. These POPs affect immune 

system, reproductive system and endocrine system may 

cause cancer [44]. These POPs increase oxidative stress 

and affect lipid metabolism cause dyslipidaemia and 

increase accumulation of plaque in the arteries cause 

atherosclerosis that result in heart attacks and strokes. 

Additionally, it has been demonstrated they also 

dysregulation of blood pressure and increase 

hypertension risk [45]. In a Spanish cohort study 

authors observed that long term exposure (15 years) of 

POPs to human adipose tissue having organopesticide 

specifically PCB-153 and β-HCH increases the risk of 

CVD [46]. 

Pathophysiology of cardiovascular disease by 

Persistent organic pollutants (POPs) 

These POPs are mainly affecting endocrine system and 

act as agonists or antagonists for receptor of various 

sex hormones and interfering with hormonal system. 

The POPs affect the ratio of ROS and antioxidants and 

ultimately generates oxidative stress. In Southern 

Spain, long-term POP exposure significantly raises 

public healthcare costs, with cohort expenses totaling 

€9.64 million over 14 years (54.6% hospital care, 45.4% 

primary care). Chronic diseases like cardiovascular 

conditions (62%), cancer (20%), and diabetes (15%) 

affected 76% of participants and drove these costs, with 

stronger links in semi-rural areas. [47]. This oxidative 

and free radical reacts with affects nitric oxide (NO) 

pathways and reduce its bioavailability and exacerbate 

endothelial dysfunction by damage endothelium layer 

by which lipid molecule can enter blood vessels and 

arteries and accumulate and cause atherosclerosis and 
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increase risk of CVD. Moreover, these POPs also 

activate various inflammatory pathways and increase 

release inflammatory [48]. 

 
Figure 3: Pathophysiology of environmental pollutants cause 

cardiovascular disease; Diagram illustrated that the exposure 

of environmental pollutants by inhalation and digestion lungs 

and stomach move to blood and create oxidative stress inside 

cells which activates multiple pathway like ca2+ dysregulation 

which affect mitochondrial permeability, affect gene 

regulation and increases secretion of inflammatory cytokine 

and also cause endothelial dysfunction by affect level of Nitric 

oxide and Rho/Rock pathway which ultimately affect 

cardiomyocytes, myocardial inflammation and vasodilation of 

endothelial cells and overall increase risk of cardiovascular 

disease.  

Lifestyle Factors and Cardiovascular Diseases 

Smoking, poor eating habits, and lack of physical 

activity are major risk factor for the emergence of 

crippling CVDs, lifestyle factors those seemingly 

harmless decisions and behaviours that permeate our 

everyday lives can have a long and sneaky negative 

impact on cardiovascular health. Smoking is a 

dangerous habit resulting from a complex interaction 

of physiological, psychological, and social factors. Its 

components cause a significant molecular damage to 

the cardiovascular system (figure 3).  

Smoking  

In the lifestyle factors the smoking have a major 

contributing factor in occurrence of cardiovascular 

disease. Various hazardous chemical found in tobacco 

and smoke like carbon monoxide (CO) affect lungs and 

blood vessels and increase risk of CVD. The smoking 

major increases the level of triglycerides, reduce HDL 

(good cholesterol), increase the thickness of blood 

which can block brain and heart, affect endothelium 

cells and can increase atherosclerosis [49]. The carbon 

monoxide generated by smoking attach to 

haemoglobin, reduce the red blood cell’s ability to carry 

oxygen and affecting tissue oxygenation [50]. 

Dietary factors  

In the lifestyle factors the unhealthy diet is the major 

contribution in occurrence of CVD. The poor diet 

quality like foods with elevated refined grains, added 

sugar and salts, foods with preservatives and food with 

unhealthy fats, processed and ultra processed food, 

fried foods can significantly promote the risk of CVD. 

One of major components found in fried foods is 

advanced glycation end products (AGEs) which react 

with collagen of heart muscle reduce pumping capacity 

of heart muscle and ultimately cause heart disease. 

Moreover, the overconsumption of this unhealthy food 

can cause dyslipidaemia and the buildup of cholesterol 

rich plaques in the arterial walls cause atherosclerosis 

and [51]. The overeating unhealthy foods also cause 

Insulin resistance and affect glucose metabolism in 

body increase risk metabolic syndrome and which is 

another significant risk factors for CVD. Furthermore, 

poor dietary habits can affect the gut microbiota [52]. 

Physical inactivity  

Physical inactivity or lack of regular exercise creates an 

imbalance between energy intake and expenditure and 

contribute to excess body fat and development of 

obesity which common risk factor for CVD [53]. 

According to physical activity guideline for Americans 

advisory committee intensive exercise for 2 hours 30 

minutes or vigorous exercise for 1 hour and 15 minutes 

reduce the risk of CVD. Recent studies show that 

exercise reduce the body weight, decrease blood 

glucose, and decrease TG level. Several studies also 

suggested exercise increase the glucose uptake of 

glucose and insulin resistance by stimulating the 

transfer of glucose transporter-4 (GLUT 4) from inside 

the cell (cytoplasm) to outside the cell (plasma 

membrane) which reduce plasma glucose level and 

ultimately reduces risk of diabetes and CVD.  

Microbiome  

The lifestyle choices and dietary habits play a major 

role in affecting gut microbiota which also a significant 

risk factor for CVD. The consumption foodstuffs like 

liver, meats, egg yolks, nuts and bean, and high-fat 

dairy products having choline, free choline and choline 

esters, such as phosphatidylcholine (PC) or lecithin. 

Gut microbiota (Clostridium sporogenes, Escherichia 
fergusonii, Clostridium hathewayi, Edwardsiella tarda, , 
Clostridium asparagiforme,  Proteus penneri, 
Anaerococcus hydrogenalis, Providencia rettgeri) 
metabolizes some dietary nutrients like 

phosphatidylcholine, choline, L carnitine and generate 

gut bioactive metabolite trimethylamine N-oxide 

(TMAO) [55-57]. Several studies suggested that TMAO 

actively contributes in development of atherosclerosis 

by formation of foam cells by macrophage and 

macrophage migration. It also increases accumulation 

of oxidized LDL into macrophages by upregulation of 

CD 36 expression by this process more macrophages 

converted into foam cells. This TMAO also increase the 
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synthesis of inflammatory markers, in response to 

inflammation macrophages start penetrating blood 

vessel through endothelial barrier and accumulate in 

intima media and start the plaque formation progress 

in atherosclerosis [58,59].   

Preventive strategies and interventions for 

cardiovascular disease 

Modifications in lifestyle  

To mitigate the risk of CVD, it is important to follow a 

holistic approach it includes physical, mental, social 

health treatment. For the physical health treatment, 

the individual should have balance diet with rich in 

vegetables, lean proteins, good fat, fresh and seasonal 

fruits. The individuals must involve in physical activity 

minimum 150 minutes/weeks. The physical activity in 

the form of swimming, brisk walking, cycling, running 

etc. This physical activity maintains body weight, blood 

pressure and improves heart health. For the mental 

health, manage stress by truthful coping mechanism 

and practicing mindfulness, relaxation techniques, 

involve with enjoyable activities. The persons should 

avoid processed food, food with added sugars, 

saturated and trans-fat in their diet also quit smoking 

and avoid second hand smoke exposure. Reduce air 

pollution, toxic chemicals, and other environmental 

hazards exposure and advocating for stricter 

regulations, using eco-friendly products, and 

promoting sustainable practices. Individuals also visit 

for regular health check-ups, monitor cholesterol 

levels, blood pressure level and other relevant 

biomarkers, for early management and detection CVD 

risk. Individuals with existing conditions like 

hypertension or diabetes, closely follow prescribed 

medication regimens and consult healthcare 

professionals regularly [61]. 

Dietary Changes and their Molecular Benefits: 

A healthy diet may have significant molecular benefits 

in the prevention of CVD. Changes in diet can affect a 

variety of biological pathways and processes that 

contributes to CVD risk. Eating a diet rich in green 

vegetables and fruits and whole grains rich in 

antioxidants, vitamins and phytochemicals [62]. These 

compounds can neutralize harmful free radicals, 

decrease oxidative stress and reduce inflammation, 

which increase the risk of CVD. Use healthy fats like 

olive oil, avocados, and fruits are included by lowering 

harmful and increasing beneficial LDL cholesterol HDL 

cholesterol can be improved [63].  Additionally, these 

fats contribute to the improvement of endothelial 

function and the regulation of inflammation, both of 

which are critical for the maintenance of healthy blood 

vessels. Dietary ingredients like flaxseeds and fatty fish 

are rich in omega-3 fatty acids, have anti-inflammatory 

and anti-thrombotic qualities that reduces the risk of 

blood clots and decrease risk of CVD. Reduce processed 

foods with saturated fats and added sugars in diet 

which can prevent the accumulation of AGEs and 

reduce insulin resistance which are also linked to 

elevated inflammation and oxidative stress and 

increase risk factor for CVD and metabolic disorder 

[52,64]. 

Increasing physical activity and its molecular impact  

In the preventive strategies the physical activity has a 

major contribution. In the physical exercise including 

aerobic, physical training or both combat the negative 

impact of sedentary lifestyle and environmental 

toxicants [65]. The physical exercise promotes the 

synthesis of endothelial progenitor cells, which are 

essential for vascular regeneration and repair [66]. It is 

also suggested that routine exercise regulate lipid and 

glucose metabolism and lowering the insulin 

resistance, metabolic syndrome and dyslipidaemia risk 

and encourage healthy lipid profile. Studies also 

suggested that physical activity promote absorption of 

glucose by skeletal muscle [67].  

Reducing exposure to environmental toxicants  

As we already seen that the exposure of environmental 

toxicants can cause cardiovascular disease, therefor It 

is essential to limiting the exposure of toxicants via 

implementing major policies and strategies to mitigate 

the risk of CVD. It is important to make regulations and 

laws  to reduce pollution emissions from 

transportation, industries, other resources of air 

pollution. it is also suggested that installation of 

common air filter system to eliminate PM < 2.5 and PM 

<10 from environment.  To reduce exposure of 

hazardous chemical and POP, increase the use of eco-

friendly, organic product [31]. Regulatory and 

governmental organizations and plays a critical role in 

in making policy decisions for reducing exposure of 

environmental toxicants and lowering the risk of CVD 

in general populations. Government should make some 

strict regulation to control [68]. Make regulations 

controlling manufacture of polychlorinated biphenyls 

(PCBs), and certain pesticides [69]. The preparation of 

new and strict guidelines for which maintains the 

quality standards of consumers goods and reduces the 

toxic substance from their products [70]. 

Personalized Risk Assessment and Molecular 

Biomarkers: 

Assessment of CVD risk and prevention at individual 

level using genetic and molecular marker is very 

crucial. The health care individuals may accurately 

identify the risk factors of CVD by several molecular 

markers with using high-end technology and diagnostic 
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tools [71,72]. The regular monitoring of several 

biomarkers improves the understanding the stage of 

disease and assess the risk level. Recent advanced 

technologies for example genomics, proteomics and 

metabolomics in diagnosis of CVD and offers specific 

pathway for its development. So, health care provider 

can improve the diagnostic, prevention and create 

treatment plans and increase overall health outcomes 

in CVD patients [73].  

Development of targeted interventions and biomarkers 

and therapeutics: 

For the efficient treatment and prevention of CVD and 

the formation of targeted interventions and 

therapeutics by molecular and genetic markers play a 

major role.  There are multiple pathways are suggested 

in which various genes and proteins which are involved 

CVD development in exposure of environmental 

toxicants and sedentary lifestyle. The several 

researchers suggested some biological drugs like 

monoclonal antibodies and gene therapy which target 

these gene and protein and improve the disease 

outcome [74]. These targeted agents are effective and 

have less side effects compared with traditional broad- 

spectrum therapies. Another interesting approach is to 

explore RNA therapies, including small interfering RNA 

(siRNA) and antisense oligonucleotides, which can 

selectively inhibit or repress the expression of 

pathogenic genes by specific molecular mechanisms 

contributing to heart disease In addition, researchers 

use stem cell therapies to repair or regenerate damaged 

cardiovascular tissue and explore the potential of 

various neuromechanical techniques, offer new 

treatment options for CVD [75].  

Policy Interventions and Societal-Scale Actions 

Pollution Control at Source and Clean Energy 

Transition Government supported initiatives that 

reduce pollution at its source and promote a swift 

switch to clean energy are the only ways to prevent 

pollution-related cardiovascular disease for the long 

term. This has two benefits: it slows down climate 

change. Air Quality Standards: To guarantee improved 

air quality, support and enforce strict National Ambient 

Air Quality Standards (NAAQS). Lessen Reliance on 

Fossil Fuels: Reduce dependence on energy-intensive 

farming, industrial pollution, and transportation based 

on fossil fuels. Encourage Green Energy and Spaces: 

Encourage the creation of green spaces and the use of 

green energy sources [76]. 

Implement thorough indoor and outdoor air pollution 

mitigation strategies to address household air pollution 

(HAP), particularly in areas where solid fuels (wood, 

coal, and agricultural waste) are used for heating, 

cooking, and lighting. Switching to clean fuels, such as 

electricity and gas, dramatically reduces indoor 

particulate matter levels [9]. Steer clear of mining and 

manufacturing that uses a lot of resources: Minimise 

actions that cause manufactured chemicals and 

hazardous metals to spread through the air [10]. 

Control Manufactured Chemicals: Create and advocate 

for substitutes for bisphenol A (BPA), phthalates, 

polychlorinated biphenyls (PCBs), plastics, and 

perfluoroalkyl and polyfluoroalkyl substances (PFAS) 

[77]. 

Machine learning and Artificial intelligence (AI) for 

predicting and preventing cardiovascular disease 

Artificial intelligence and machine learning approaches 

are game-changing technologies in CVD diagnosis and 

prediction, prevention, diagnosis, and treatment. 

Artificial intelligence (AI) algorithms are used to 

predict the onset of disease, customise treatment, and 

enhance clinical decision-making by utilising 

enormous volumes of clinical, imaging, and biosignal 

data. Machine learning (ML) models, especially deep 

learning frameworks such as long short-term memory 

(LSTM) and convolutional neural networks (CNNs), 

have shown exceptional performance in identifying 

heart failure, myocardial infarction, and arrhythmias 

from imaging and electrocardiogram (ECG) data [78]. 

Through the integration of data from wearable 

technology, imaging modalities, and electronic health 

records, the American Heart Association emphasises 

AI's contribution to precision medicine by identifying 

at-risk groups and optimising treatment. American 

Heart Association (AHA) suggested the role of AI in 

medicine precision by using of health records including 

patients’ data and imaging to identify the risk of CVD 

and treatment.  Moreover, tools in AI improves the 

automated interpretation of cardiac imaging and ECG 

and increase the efficiency and accessibility specifically 

in socially disadvantaged areas. In hospital areas, AI 

algorithms can use frequently for predetermine several 

cardiac events like cardiac arrest, arrhythmias and 

heart failure decompensation and immediate rapid 

response for treatment of CVD [79]. A study suggested 

that AI can predict the risk of CVD in diabetes by using 

association rule mining (ARM). Authors observed that 

by AMR the elevated random blood sugar (more than 

175 mg/dl) and blood HbA1c (more than 6.6 %) 

increases risk of CVD in diabetes conditions [80]. 

Limitation  

While numerous studies suggested possible links 

between environmental pollutants and cardiovascular 

disease, they also have many limitations. It is difficult 

to demonstrate cause and effect because much of the 

evidence to date is observational. Comparing studies is 

complicated due to differences in study design, the way 
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exposure was measured, and the populations/groups 

examined. Studies from middle and low-income 

countries and are often missing, and we rarely have 

evidence from longitudinal studies. Additionally, while 

people are generally exposed to mixtures of pollutants, 

many studies examine only individual pollutants, and 

we do not have standardized tools to quantify the 

exposure or the health effects. Future studies should 

also include better designs, broader populations, and 

more real-life exposure scenarios. 

Conclusion  

To tackle the global burden of cardiovascular diseases, 

a holistic approach is necessary that incorporates 

lifestyle changes, environmental damage reduction, 

and targeted actions. By adopting healthier lifestyles, 

reducing exposure to toxins, and using personalized 

risk assessments and molecular biomarkers, we can add 

layers of defence against cardiovascular disease. The 

usage of targeted therapeutics based on individuals' 

genetic and molecular profiles is also enormously 

promising. By utilizing a multidisciplinary approach, 

and committing to early prevention and intervention, 

and precision medicine, we reduce the risk of 

cardiovascular disease so people will be healthy. 

we can longitudinally shift the course of 

cardiovascular disease into the normal context of 

resilience and finally not as disablement. 
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