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Abstract
The first chapter is determined to focus on introducing air pollution’s cardiovascular impacts in the UK, outlines problem statements, rationale, aims, and objectives and research questions. The chapter highlighted the study’s significance for mid-life adults aged 40-50.
The literature review has highlighted the increase of the air pollution in the UK has resulted in pollution-related hospitalizations leading to the diagnosis of ischaemic heart disease. This chapter reviews literature on PM2.5 exposure in the UK, analysing regional and the temporal patterns, exceedances and scholarly evidence. This further establishes the ambient air pollution levels affected for cardiovascular risks among 40-50 years. The theoretical implication has also been provided for outlining the interrelation between the key research variables such as air pollution and cardiovascular disease. Lastly, the literature gap has also been discussed that was crucial for outlining the significance of conducting the research. 
The methodology chapter has determined that the research has included qualitative research for analysing the secondary data that is narrowing the scope of study about CVDs and air pollution. Furthermore, the 16 peer-reviewed articles have been selected through screening and quality appraisal tools CASP checklist method for evaluating the final outcomes of this topic.
The sixth chapter has focused on the summary of major findings by linking with the research objectives. The recommendations have been presented for further improvements by addressing the research problems. The limitations and future research have also been mentioned in this chapter.
The finding chapter has selected 16 peer review articles in terms of conducting a thematic analysis. The thematic analysis has evaluated that the rising exposure of PM2.5 has increased risk for cardiovascular disease among older adults. Personal exposure to PM2.5 has been higher than ambient concentrations, with ratios sometimes exceeding, particularly in indoor environments. Therefore, the presence of such negative impacts of higher PM2.5 exposure has a negative impact on population health qualities, particularly cardiac diseases. 
The discussion chapter has highlighted that the majority of deprived communities within a country tend to be exposed towards higher levels of ambient air pollution. The pathogenesis mechanism of PM2.5 within adults has been encompassed with an intricate biological mechanism that has affected most of the organ system as well as resulted in rising health complications. According to the secondary qualitative analysis, the evidence of association between long-term exposure in terms of Ambient PM2.5 as well as depression and anxiety has been beneficial in enhancing the health condition of the population, especially cardiac health. 
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[bookmark: _Toc218885155]Chapter 1: Introduction
[bookmark: _Toc218885156]1.1 Background of the topic
Air pollution, according to the WHO (2025) is the contamination of the indoor and the outdoor environment with any chemical, physical or biological agent that modifies the natural characteristics of the atmosphere. The purpose of the dissertation is the outdoor environment. Air pollution is strongly associated with increased cardiovascular diseases (CVDs) risks such as heart attacks, stroke and heart failure within the UK. Air pollution remains a critical public health challenge globally and within the UK. In 2024, WHO and the Global Burden of Disease study had estimated that ambient air pollution accounted for approx. 4.2 million deaths annually, with around 68% attributed towards coronary heart disease and stroke (World Health Organization, 2024). The World Heart federation reports that over 20 million deaths each year are directly linked with CVDs and that air pollution is a major albeit often overlooked contributor (World-heart-federation, 2025). In the UK, the burden is substantial, as the British Heart Foundation has indicated that almost 14,000 heart and circulatory disease deaths are annually attributed specifically to particulate-matter pollution (British Heart Foundation, 2020). Meanwhile, ambient PM2.5 (Particulate Matter) exposure has caused an estimated 48,625 premature adult deaths within 2019. Thus, air quality has developed and almost 99% of the UK population is still exposed to toxic air resulting in over 500 deaths per week with economic losses exceeding up to £500 million weekly. 
The exposure health outcome level, a lead mark 2025 UK Biobank study tracked nearly 300,000 individuals over 2010-2020 finding that residents of the most polluted areas have faced almost 27% higher risk of developing heart failure and also a 7% higher risk of stroke compared to those within cleaner areas. The rise of just 1μg/m2 within PM2.5 elevated the heart failure risk by almost 7% and stroke risks by 3% (World Heart Federation, 2024). It is also identified that a UK cohort study revealed that each 1μg/m2 rise within PM2.5 is corresponding with a 2.6% increased risk of ischaemic heart diseases that are affirming to positive exposure and outcome relationship. Therefore, the air pollution’s role in terms of elevating CVD risks especially related to PM2.5 is persistent and in the UK, context is directly linked with clear and also pressing targeted public health strategies. Thus, this creates a substantial public health burden within the working-age group (40-50), impacting the morbidity, mortality and also population wellbeing. 
[bookmark: _Toc218885157]1.2 Rationale 
The rationale for focusing on individuals aged 40-50 stems from several considerations of critical life stage and high burden of preventable CVD. The age group is typically marked as the transition within mid-life during the early cardiovascular risks to become clinically relevant (Teketo Kassaw Tegegne et al. 2023). In the UK, it is estimated that almost 14,000 deaths per year from heart and circulatory diseases are widely linked to air pollution based on preventable through exposure reductions (GOV.UK, 2020). The quantifiable exposure to focus on the outcome relationships indicates that even modest increases (Bankofengland, 2025). It is involved within PM2.5 amplifies risks with heart failure approx. 7% and stroke to approx. 3% per 1μg/m2 increase. In addition, each 1μg/m2 rise within PM2.5 raises the ischaemic heart disease risks by almost 2.6% (British Heart Foundation, 2025). The widespread exposure is nearly focused on the entire UK population; those remain exposed to harmful air pollution levels. There are a number of air pollutants that must be considered as the causes, sulphur dioxide. 
Informing the policy and interventions is understood based on exposure outcome links within the age cohort can guide targeted public health strategies. The weekly death tolls have exceeded 500 and economic costs are staggering with £500 million lost per week. These are further aligned with urban planning as well as regulations strategies for reducing the cumulative burden of CVD and also achieving cleaner air goals (NHS England, 2023). Furthermore, the rationale is grounded within the strong and also current evidence linking air pollution exposure to adverse cardiovascular outcomes. Therefore, the significant impact within morbidity and mortality is specific to high-risk age groups and also the potential for meaningful interventions. 
The topic analysing the association between air pollution exposure and cardiovascular health outcomes in individuals aged 40-50 is chosen particularly as this age group is a transitional life stage where the early onset of cardiovascular issues often begins to emerge. Unlike the older adults the symptoms might already be advanced, individuals between 40 to 50 years hold greater potential for early preventive measures, lifestyle modifications and the medical interventions. Henceforth, identifying exposure risk relationships within this demographic might support timely clinical responses and reduce the long-term disease burden. 
[bookmark: _Toc218885158]1.3 Research questions 
· What is the relationship between long-term exposure to air pollution and the prevalence of cardiovascular health outcomes among individuals aged 40-50 in the UK?

[bookmark: _Toc218885159]1.4 Aims and Objectives 

Aim: The aim of the study is to analyse the associations between long-term exposures to air pollution and the cardiovascular health outcomes among individuals aged 40-50 in the UK, in order to better understand the potential health risks and to inform public health interventions. 

Objectives: 

· To analyse the levels of exposure for major air pollutants for example PM2.5 among individuals aged 40-50 in chosen regions of the UK 
· To evaluate the presence and types of cardiovascular health outcomes for example hypertension, heart disease and stroke in the target population 
· To determine the statistical relationship between the air pollution exposure levels and the risks of developing cardiovascular health diseases across the individuals aged 40-50 years

[bookmark: _Toc218885160]1.5 Significance of the topic and the dissertation 
Air pollution is increasingly recognised as a major global public health concern and its detrimental effects extend beyond the respiratory complications to involve significant cardiovascular risks. In the UK, rapid urbanisation, industrial activities and the rise of vehicular emissions have contributed to persistent air pollution levels, particularly within densely populated areas. The CVDs already being one of the leading causes of mortality within the UK, understanding modifiable environmental contributions for example air pollution is crucial for designing effective interventions and in reducing healthcare costs (British Heart Foundation, 2024). Thus, the issue holds critical relevance for public health policy, medical research and the preventive care frameworks.
Subsequently, research in the UK has primarily focused either on the older individuals or border adult population samples, leaving a gap regarding the mid-life vulnerabilities to pollution-induced cardiovascular disorders. The dissertation mitigates the gap through narrowing the age scope and providing targeted insights that can inform the public health strategies, urban planning and the regulatory measures on air quality (British Heart Foundation, 2025). Therefore, the study contributes to supporting evidence-based policy marketing that enhances societal awareness on the often-overlooked cardiovascular consequences of air pollution exposure within mid-life audits. 
[bookmark: _heading=h.yd2n90f5t91]The political relevance is aligned with policymakers that require robust data that are most affected. The study can further inform the targeted strategies such as urban planning, emission regulations and also health messaging. The public health implications are resulting from empowering health professionals and the communities for advocating regulatory change and individual-level awareness (GOV.UK, 2022). Potentially improving population health outcomes tends to reduce the future CVD burdens. Therefore, the significance could make a meaningful contribution towards public health scholarship and to analyse policy by focusing on specific, actionable demographics informed by the latest evidence. 
[bookmark: _Toc218885161]1.6 Dissertation structure 
The chapter 1 introduction, discusses that the research questions and the background reviews is setting the context, by outlining objectives and to manage establishing significance. Furthermore, chapter 2 is managing literature reviewing the detailed synthesis of the global and UK-specific evidence linking air pollution especially PM2.5 to cardiovascular outcomes. Subsequently, chapter 3 methodology describes study design, data sources for example UK Biobook exposure to assessment, outcome, outcome measures and also statistical models. Moreover, chapter 4 findings focus on presentation and analysis concerning exposure levels and CVD outcomes within 40-50 years. On the other hand, chapter 5 discussions are ensured to focus on interpretation and implications for public health, comparison with other studies and limitations. Thus, chapter 6 conclusion and recommendations focus on summary of key insights, policies and also practice recommendations that suggest future research. 
[bookmark: _Toc218885162]1.7 Summary of the chapter 
The current chapter has introduced the critical health issues of air pollution and its impacts on the cardiovascular health risks, particularly focusing on the UK and the individuals aged 40-50. It presents up-to-date evidence showing the quantifiable associated with PM2.5 exposure to articulate the clear problem statement, rationale and the research aim and objectives. The chapter refined research questions and highlighted the study’s significance of the health outcomes, policy development and theoretical understanding. The research has also outlined the structure of the dissertation to guide the reader through the planned analysis and the interpretation. Thus, the next chapter would delve deeper within the existing literature informing the study. 

[bookmark: _heading=h.65a6kfdodjn6]

[bookmark: _Toc218885163]Chapter 2 Literature review
[bookmark: _Toc218885164]2.1 Chapter introduction
The chapter gathers and evaluates the existing literature on the impact of air pollution exposure and its impact on the cardiovascular health of people aged 40 to 50 years in the UK. The evaluation of this chapter can be helpful in analysing the relationship between the topic variables to great extent. The literature review chapter is going to be a crucial aspect for this research as it can provides context, identifies knowledge gaps, and builds credibility by summarizing existing research, showing your familiarity with the field, and justifying study's significance. It can further help to define the research key objectives, avoid duplication, and establish theoretical frameworks, guide methodology, and position unique contribution within the broader academic conversation. The discussion of air pollution exposure, along with its influence on the healthcare outcome in the UK, is provided in the chapter based on theoretical implications and underpinnings. The Social Cognitive Theory and Biopsychosocial Model are integrated for understanding the physical aspects along with behaviour, environmental and genetic influences on the healthcare outcome. 
[bookmark: _Toc218885165]2.2 The UK air pollution context 
The increasing emissions from industries in the UK have been one of the significant reasons behind the increasing air pollution (Lelieveld et al. 2021). As per the opinion of Gul and Das (2023), air pollution within a country severely harms public health, strains economies, damages the environment as well as impacts vulnerable populations such as children and the elderly, leading to huge societal burdens and reduced quality of life. It has been recognised that the UK legislation uses a multi-faceted approach, combining legal mandates and strategic plans, to tackle air pollution by focusing on controlling emissions at the source and reducing harmful pollutant levels where people live and breathe. For instance, the Environment Act 2021 of the UK has established a legally binding duty on the government to bring forward at least two new air quality targets in secondary legislation (UK AIR, 2025). Similar to the context, the UK implements National Emission Ceilings (NECs) under regulations such as the National Emission Ceilings Regulations 2018, setting legally binding limits for key air pollutants (Gov, 2025). This signifies that the country’s legislation combines broad national emission cuts with specific concentration limits and exposure reduction goals, alongside sector-specific policies. Local authorities who must act towards the objectives prescribed in the regulations (UK AIR, 2025) often execute air quality management. Thus, the UK has established strong regulations in terms of enhancing the quality of air as an objective, enforcing action at the national, regional and local levels. 
It has been recognised that cardiovascular diseases have been managed through medical management and dietary habits. As per the analysis of Yadav et al. (2021) have recognised that the high relative risk of cardiovascular mortality per 10 mg/m3 increase because of PM2.5 within both rural and rural areas. On the other hand, Yan et al. (2025) have stated that 8.5% people under 45 have diabetes among the UK population. Changing dietary habits is effective and crucial for improving cardiovascular health as well as body mass. In other words, by making the body strong, the cardiovascular health of the population has been promoted. The UK needs to focus on the same procedures for health management.  Theoretical implications of SCT have included the understanding of health behaviours including physical activities and nutritional behaviour based on personal and environmental interaction (Rad et al. 2023). Furthermore, self-management and improved willingness of people to address CVD include the particular application of this theoretical application. People who are experiencing CVD are facing the risk of increased mortality due to air pollutants such as PM 2.5. Medical management and dietary habits making have been considered as the key aspect behind promoting self-awareness about CVD. 
It has been recognised from the literature review section that long-term exposure of air pollution per 10 μg/m3 causes increased mortality rates by 2–4% within the field of cardiovascular health (Dehghani et al. 2022). It can be stated from the literature review section and secondary qualitative database that the increased exposures of air pollutants such as PM 2.5 and PM 10 has impacted the cardiovascular health of the UK population. Industrial activities as well as the usage of fossil fuels in the rural areas, are the key areas of the increased air pollution within the spice segments of the UK. On the other hand, the 40 to 50-year-old population is facing the risk of CVD that has been promoted by air pollution exposure. Thus, the establishment of environmental regulation is an effective way to handle the air pollutants factors as well as morbidity due to CVD.
[bookmark: _Toc218885166]2.3 Exposure levels of PM2.5 among 40–50-year-old adults in the UK 
The key aspect is to understand that the exposure context is a foundational step in evaluating the influence of air pollution on cardiovascular health among midlife adults (Perry et al. 2023). Tudor et al. (2025) explained that PM2.5 (Particulate Matter) levels are aligned within the UK to have steadily declined ambient exposures that remain non-trivial, especially within residential and urban locales frequented by individuals aged 40-50 years. According to Figure 2.1, the official UK air quality statistics state that focus on urban background PM2.5 concentrations decreased from approximately 12.4 μg/m3 in 2009 towards a historic low of 7.2 μg/m3 in 2024 (GOV.UK, 2024). On the other hand, roadside PM2.5 levels fell from 12.8 μg/m3 to 7.5 μg/m3 over the same period. Thus, the declines are aligned with remaining above the WHO 5 μg/m3 annual guidelines; those are underscoring continued exposure risks even within relatively low-concentration environments. 
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[bookmark: _heading=h.ew84k8yd51wl][bookmark: _Toc218885144]Figure 2.1: Annual mean concentrations of PM10 in the UK
(GOV.UK, 2024)
Subsequently, despite the downward trends, PM2.5 and NO2 still breach WHO targets within several days annually (Shu et al. 2023). PM2.5 exceedances have dropped from 60 to 22 days per year, while the NO2 exceedances fell from almost 136 to 40 days. Furthermore, Wiehn et al. (2025) focused on these exceedances that are likely disproportionately affecting 40–50-year-olds who live, commute and also work within urban settings based on daily activities coinciding with peak pollution periods. In addition, seasonal dynamics matter for the health conditions of the individuals in the UK. Apart from this, the UK peaks within PM2.5 are around 8 to 9 μg/m3; those are observed within both the roadside and the urban background sites; those are typically driven by the domestic heating and evening traffic (Keast et al. 2022). On the other hand, Sharma et al. (2024) have argued that short-term exposure causes immediate symptoms such as coughing as well as irritation, but long-term exposure severely harms organ systems and reduces life expectancy. This signifies that the increasing percentage of air pollution within the county can lead to global warming to a great extent. Greenhouse gas emissions disrupt the atmospheric balance, leading to global warming, melting glaciers as well as rising sea levels. Thus, this matters for the 40-50 cohort that is likely to be gone during these hours, suggesting elevated personal exposure during the evening. 
The peer-reviewed research is further determined to emphasise the key impacts of relatively low PM2.5 levels that are widely linked to cardiovascular outcomes. The Environment International study has been using UK Biobank data that have detected statistically significant cardiovascular events (MACE), heart failure (those are relative to risks of approx. 1.22) and cardiac arrest (RR approx. 1.16). Conversely, Stuenkel (2024) has evaluated that environmental risk factors such as air pollution is one of the major risk factors for elders to experience significant cardiovascular diseases, leading to premature heart conditions. Another UK Biobank corroborates the key findings; those are aligned well with analysis focusing on the audits aged 40-50 years old, exploring 1-, 3- and 5-year moving averages of PM2.5 and its links to cardiovascular hospital admissions. This implicitly affirms that long-term exposure is facing low ambient levels typical of several UK regions matters for mid-life cardiovascular health. In the UK, the improved key aspects are still biologically meaningful for CVD risks. Thus, this literature concept justifies objective 1 and also highlights the critical requirements for understanding the exposure distributions across the demographic and the regional strata involving finer-grained temporal patterns.
[bookmark: _Toc218885167]2.4 Evaluating the types of cardiovascular health outcomes within the target population of the UK due to air pollution
The types of cardiovascular health issues within the UK population are ischemic heart disease, atrial fibrillation and heart failure as the people are exposed to fine particulate matter (PM2.5) (Wan Mahiyuddin et al. 2023). As mentioned in the report of Wang et al. (2021), the long-term exposure to ambient air pollutants has increased the incidence of heart failure across the UK, leading to the effect of genetic susceptibility. As highlighted in the report of Wang et al. (2022), the interactions of air pollutants have increased the risk of coronary heart disease, as per the National Health Service (NHS) of the UK and Scotland. On the contrary, Ghazihosseini et al. (2023) have determined that CVD is highly influenced and impacted by air pollution, responsible for causing 7.6% of global mortality and exposure to particulate matter < 2.5 µm (PM2.5). As stated by Joshi et al. (2022), the predominant cause of air pollution has created a risk of adverse cardiovascular events that include oxidative stress and inflammation, which contribute to the global burden of disease. Therefore, Figure 2.2 has determined that the effect of air pollution and particle inhalation in the UK has a higher contribution to the cardiovascular effects and chronic lung inflammation. 
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[bookmark: _heading=h.tqpzfffua4p2][bookmark: _Toc218885145]Figure 2.2: Determining the cardiovascular adverse effects due to air pollution
(Source: Joshi et al. 2022) 
· Heart failure due to air pollution in the UK 
The long-term exposure to the air particles has increased the risk of heart failure among the 40-50 age group across the UK. As addressed by Luo et al. (2022) in the report that Cardio cardio-metabolic multimorbidity due to ambient air pollution is higher among those 40 years and older, which might reach 1.5 billion by 2050. It is determined that air pollution is considered the fourth risk factor for public health due to the long-term exposure to PM2.5 and NO2 has an immense impact on heart conditions. As illustrated in the report of Gao et al. (2022), air pollution has a negative impact on health outcomes, and ageing-related changes might be reassuring in CVDs. On the other hand, an increase in PM2.5 in the UK has been considered a risk factor for developing heart failure, with elevated blood pressure and mortality from heart conditions. As illustrated by Khraishah et al. (2022), the short-term and long-term exposure to PM2.5 has an increased risk of cardiovascular events within the UK as a consequence of climate change. Not relevant to the above discussion. This signifies that tiny PM2.5 particles get into the bloodstream, causing inflammation, damaging blood vessels, increasing clotting risk as well as straining the heart.
· Ischemic heart disease risk due to exposure to PM2.5
The rise of air pollution is a significant risk factor for ischemic heart disease (IHD) as it has a link between exposures to PM2.5 across the target population of the UK (Zhang et al. 2022). As per the opinion of Kim et al. (2021), IHD is caused due to the inflammation of the cardiovascular system due to inhaling environmental factors among the older, male, low-income population in the UK. Moreover, long-term exposure to the PM2.5 within the UK has created the risk of IHD even within the residential areas due to the rise of GHG emissions in the air (Lin et al. 2025). As highlighted in the report of Wolf et al. (2021), exposure to the outdoor air pollution, consisting of PM2·5, NO,2 and warm-season ozone increase the risk of stroke and acute CHDs. Apart from this the issue relates to air pollution within the 40 to 50 age group in the UK, which includes systemic inflammation, oxidative stress and changes in heart rate variability. As per the view of Brown et al. (2025), the presence of PM2.5 and NO2 in the air has a high contribution to the creation of inflammation, oxidative stress, as well as endothelial dysfunction. Therefore, Figure 2.4 shows the risk ratio for each pollutant, with SO2 being the highest. It can be argued that the environmental determinants, that is, air pollution and CVD, have led to outcomes such as an increase in hospital admissions. 
[image: ]
[bookmark: _heading=h.hkld1s9xsd2o][bookmark: _Toc218885146]Figure 2.4: Risk ratios due to air pollution in the UK lead to CVD 
(Brown et al. 2025)
· Atrial fibrillation caused by PM2.5
The short-term exposure to pollutants such as PM2.5 has triggered the risk of atrial fibrillation within the UK population aged between 40 to 50 years old. As per the report of Vanoli et al. (2024), long-term exposure to low ambient PM2.5 has increased hospital admissions due to CVD events and a decline in adverse clinical endpoints. Additionally, the AF is the common type of arrhythmia that is an irregular heartbeat resulting in having irregular pulse rate and disrupts the normal flow of blood. As mentioned by Li et al. (2025), external environments have a direct impact on the cardiovascular health of an individual as increased pollution directly impacts the atrial fibrillation (AF) and cardiac structures, leading to cardiovascular diseases. Thus, the risk factor associated with risks of air pollution is due to a chaotic rhythm that disrupts blood flow due to blood clots in the target population. 
[bookmark: _Toc218885168]2.5 Analysing the relationship between air pollution exposure and challenges of cardiovascular health among people aged between 40-50 years in the UK 
The exposure of individuals to air pollution, especially emissions from traffic and industrial sources, is positively associated with increasing morbidity and mortality rates of cardiovascular disease (Mallah et al. 2023). Dehghani et al. (2022) defined that long-term exposure to particulate matter air pollution per 10 μg/m3 causes an increase in mortality rates by 2–4% with the highest cardiovascular-based mortality. The below Figure 2.5 also outlines the high level of correlation between rail pollution as a key risk factor in influencing cardiovascular diseases, along with lifestyle patterns. The statistical analysis of Wang et al. (2022) recorded a total of 11,881 deaths in the UK due to CV and coronary heart disease, and air pollution with a diameter of 2.5 (PM2.5), 10 (PM10) was linked with all the deaths. The author also highlighted that integrating healthy dietary patterns modified the association of PM 2.5, NO2 and NOx with all causes of mortality in the UK. This emphasised that the implication of effective dietary patterns including vegetable and fruit intakes, has shown positive interactions with PM 2.5, NO2 and NOx. 
The long-term exposure of individuals aged 40 and above to fine particulate air pollution (PM 2.5) has been widely considered a major risk factor for cardiovascular diseases (Li et al. 2023). Luo et al. (2022) have outlined that the risks of cardiometabolic multimorbidity (CMM) among individuals journeying from 40 to 60 are higher due to increased exposure to air pollution. The statistical analysis of the articles outlined that an aerodynamic diameter of 2.5 µm (PM2.5), along with nitrogen dioxide (NO2) increases mortality rates among people by 3% (Luo et al. 2022). The increasing exposure to fine particulate matter leads to a corresponding increase in mortality and morbidity rates among people aged 40 and above by 3%. The risks of air pollution caused by CVD rates among middle-aged people are a major concern in various countries, including the UK and the EU. Thus, increasing air pollution leads to severe health problems such as respiratory diseases, cardiovascular issues, cancers, and neurological disorders, causing millions of premature deaths globally, while also damaging ecosystems through acid rain as well as climate change. 
The rates of CVD are a growing public health concern in the UK due to their impact on the overall healthcare outcome and pollution in the UK. Yan et al. (2025) highlighted that CVD prevalence among healthy people aged less than 45 years was 8.5% and with diabetic health issues was 13.8% among the UK population. However, Basith et al. (2022) have contradicted that air pollution, especially fine particulate matter generated from traffic and industry, severely challenges cardiovascular health by causing inflammation, oxidative stress, and endothelial dysfunction. This leads to increased blood pressure, irregular heartbeats, blood clotting, and accelerated plaque build-up that significantly raises risks for heart attacks, strokes, and overall heart failure and death, with millions of deaths linked to pollution annually. This highlighted that the risks of contracting CVD are higher among both healthy individuals with no existing health issues and is higher in people with existing health issues. In contrast, Jin et al. (2022) outlined that increased PM2.5 and NO2 levels in warm-season O3 are linked with high cardiovascular disease, including congestive heart failure and stroke. 
The statistical analysis highlighted that prolonged exposure of people with existing health-related issues increases the risks of mortality and morbidity. Alexeeff et al. (2023) highlighted that PM 2.5 exposure among people aged 40 and above have 38% higher risks of acute myocardial infarction and 50% risk of ischemic heart disease. The author emphasised that as the rates of air pollution are growing, the risks of heart disease, including acute myocardial infarction, ischemic heart disease and heart failure, are growing. Thus, the statistical analyses outlined that the prevalence of CVD is higher among middle-aged people in the UK, which is further impacted by the increased exposure to air pollution. The suggestion on improving lifestyle is positively linked with enhancing the health quality and outcome among people with CVD, with the increased risks of air pollution. Liu et al. (2025) have outlined that air pollution is one of the issues that have a high impact on the overall cardiovascular health outcome along with other factors such as dietary habits, increasing risks of CVD by 34%. Although dietary patterns and air pollution caused by CVD and death are not directly related, the improvement in dietary patterns can act as supportive strategies for enhancing the heart health of individuals. Moreover, as outlined by Global Health Guidelines, the rates of CVD and deaths caused by air pollution have increased by 6.0%, emphasising individual long-term exposure (Pu et al. 2024). The author also highlighted that an unhealthy lifestyle is positively associated with increasing risks of cardiovascular issues among individuals, making them more exposed to air pollution as a key risk factor. Thus, the impact of air pollution on people is crucial to be managed to assist in reducing mortality rates and improving health through enhancing dietary preferences and patterns.
[bookmark: _Toc218885169]2.6 Theoretical Framework 
[bookmark: _Toc218885170]2.6.1 Social Cognitive Theory
Social cognitive theory is efficient for understanding individual behaviour patterns of people aged from 40 to 50 in the UK for mitigating air pollution exposure based on individual knowledge. Rad et al. (2023) outlined that SCT is a health behaviour model, assisting in understanding individuals’ health behaviours, including physical activities and nutritional behaviour based on personal and environmental interaction. This is highly relevant from a public health perspective. SCT assists in evaluating the health behaviour of individuals based on their individual behaviour, attitude, environment and physical activities that are effective for improving healthy patterns and outcomes. This signifies that people may choose to stay indoors on high-pollution days, change their exercise routines, or migrate to cleaner areas as coping strategies. Moreover, the SCT is also effective in comprehending the willingness to adhere to healthy lifestyle choices of people aged from 40 to 50 in the UK. Marye et al. (2023) have outlined that SCT is effective and efficient as it assists in understanding the self-management and improved willingness of people to enhance CVD. Self-efficacy of individuals based on the SCT is effective and efficient for strengthening healthcare outcomes of people experiencing CVD. Thus, actions aimed at reducing personal contribution to pollution, such as using public transportation, reducing energy consumption, or advocating for policy changes, can help in reducing the key aspects of air pollution. 
[image: ]
Figure 2.8: Social Cognitive theory implication 
(Rad et al. 2023)
Activation to initiate improved dietary behaviours among people with additional healthcare issues, such as hypertension and diabetes, is enhanced and underfunded with SCT. Marye et al. (2023) outlined that SCT is efficient in understanding CVD risk factors such as self-management, willingness to improve, taking measures to reduce environmental impact and improving awareness. However, in the context of increasing air pollution, SCT helps to explain why individuals as well as communities engage in certain behaviours and explains how policymakers can design effective interventions to encourage healthier and more environmentally responsible actions. These include an individual's knowledge, self-efficacy, outcome expectations, as well as demographic characteristics. Accordingly, the management of heart health through physical activities and nutritional capabilities can be effectively comprehended by SCT for reducing CVD risks and managing the impact of air pollution. However, On the other hand, the existing literature states that the long-term exposure to ambient air pollutants has increased the incidence of heart failure across the UK, leading to the effect of genetic susceptibility (Wang et al. 2022).Thus, the SCT is effective for understanding individual behaviour patterns, including diet and physical activities, along with management of the air pollution exposure to reduce CVD risk factors. This signifies that the behaviours and expectations of family, friends, and community members significantly influence an individual's actions based on pro-environmental behaviour, social norms, and people who are more likely to conform. 
[bookmark: _Toc218885171]2.7 Conceptual framework 
[image: ]
Figure 2.9: Conceptual framework 
[bookmark: _Toc218885172]2.8 Gap in the literature
The suggestion on improving lifestyle is positively linked with enhancing the health quality and outcome among people with CVD, with the increased risks of air pollution. The existing literature lacks emphasis on the association between poor air pollution and its impact on increasing the rates of CVD cases in the UK by significantly focusing on middle-aged people. Sagheer et al. (2024) have highlighted that, based on the data from the World Health Organisation, nearly 45% of the air pollution-associated deaths are due to CVD as compared to 8% deaths globally that are caused by respiratory disease. This outlines the impact that CVD has on causing death in the global healthcare sector; however, the emphasis on air pollution exposure to CVD rates is lacking. In this regard, the study is addressing the issue by analysing the impact of air pollution exposure on causing CVD-related issues among people aged from 40 to 50 in the UK. Moreover, the existing study also outlines that the air pollution associated with death caused by CVD in low-income countries has increased to 89% (Sagheer et al. 2024). However, the impact of CVD and the rates of air pollution in impacting healthcare outcomes in the UK are lacking. Thus, the current study has focused on analysing the association between air pollution exposure and cardiovascular health outcomes in 40-50 years of people living in the UK. 

[bookmark: _Toc218885173]2.9 Chapter summary
It can be concluded from the analysis of existing literature that cardiovascular health has been affected within the 40 to 50-year-old population in the UK due to exposure to poor-quality air pollution. Despite various legislation and guidance having been implemented at the UK national, regional and local levels to reach air quality objectives. The increase in morbidity and mortality among the target population across the UK may be due to cardiovascular diseases. It has been recognised that the UK legislation uses a multi-faceted approach, combining legal mandates and strategic plans, to tackle air pollution by focusing on controlling emissions at the source and reducing harmful pollutant levels where people live and breathe. Apart from this, greenhouse gas emissions disrupt the atmospheric balance, leading to global warming, melting glaciers as well as rising sea levels. It is determined that the exposure to fine PM2.5 has a high contribution to inflammation, oxidative stress, and vascular dysfunction, and has increased the risk of hospital admissions. The application of Social Cognitive Theory in this chapter has created a better understanding of the different factors that must be considered when understanding individuals' behaviours when knowing including air pollution and its impact on health and healthcare outcomes. 
 
[bookmark: _heading=h.zbupvsq9xr9][bookmark: _heading=h.ej18cfapfeiz][bookmark: _Toc218885174]Chapter 3: Research methodology
[bookmark: _heading=h.9m6levg0dyes][bookmark: _Toc218885175]3.1 Methods and methodology
The methodology chapter has provided the information regarding the method and technique used by the research for determining the link between air pollution exposure and cardiovascular health outcomes.
[bookmark: _heading=h.retayqjm7kvd][bookmark: _Toc218885176]3.2 Introduction
Purpose of this chapter is to highlight a justice's choice of method, which is secondary data analysis of the data for meeting the research objective. The research has included a systematic review related to the impact of air pollution on CVDs on the health outcome of the UK. The research has included the ethical consideration that is protection of the data used from existing data and avoiding plagiarism by citing the authors. 
[bookmark: _heading=h.8vwu9aqpoqnn][bookmark: _Toc218885177]3.3 Research philosophy
The research has implicated the adaptation of interpretivism philosophy for exploring the impact of air pollution on cardiovascular health within the UK based on the analysis of the relevant data. The research has used an interpretivist research philosophy to determine the meaning of human behaviour and social phenomena for the analysis of existing data (William, 2024). Interpretivism is chosen for the study that is determined to allow for a deeper understanding of air pollution exposure that is associated with the cardiovascular health outcomes within individuals aged 40-50 in the UK by interpreting the existing patterns, contexts and the meanings within the health data. The cardiovascular outcomes are not influenced by the pollution exposure alone but are further shaped by the social environment, behaviour and demographic factors, for example, urban living, occupational exposure, lifestyle and healthcare access. Interpretivism is determined to support analysing those complicated interactions rather than further assuming a pure objective cause-and-effect relationship (Gamage, 2025). Furthermore, the philosophy is considered to enable the researcher to interpret the trends, variations and contextual explanations that are found within epidemiological as well as public health datasets, policy reports and also previous studies. Moreover, focusing on outcomes is understood and is also reported across several regions or populations in the UK, which helps in explaining the disparities within cardiovascular risk linked to the air quality. Therefore, the interpretivism philosophy is appropriate for further interpreting the secondary evidence to generate any meaningful insights within the pollution-related cardiovascular health impacts.  

[bookmark: _heading=h.fh3ly9d8kppa][bookmark: _Toc218885178]3.4 Ethical consideration 
· The ethical considerations have been strictly maintained despite the reliance on the secondary data. Since the primary data collection has not been chosen, direct risks to human participants have been avoided. 
· The ethical principles of confidentiality, integrity and transparency guided the research. The secondary data sources have been collected from publicly available materials by considering peer-reviewed journals, government statistics and organisational reports to link with compliance with intellectual property and citation standards. 
· The data has been used to comply with the UK Data Protection Act (DPA) 2018 and General Data Protection Regulation (GDPR) by ensuring that reliable and sensitive information, such as individual health records have been accessed without appropriate protections (GOV.UK, 2025). 
[bookmark: _heading=h.4n9iowalyrg2][bookmark: _Toc218885179]3.5 Why SR is needed
The systematic review designs are relatively quick and cost-effective for determining the impact created by poor air quality on heart health based on the review of the articles (Giuggioli and Pellegrini, 2023). Therefore, the research has an SLR design that assists in determining the factors responsible for air pollution exposure from the evaluation of predetermined data across the UK population.
[bookmark: _heading=h.tn3e3g62jywa][bookmark: _Toc218885180]3.6 Research approach
The research has applied an inductive approach for drawing conclusions about the impact of the increase in air pollution in the UK on the CVD health outcome of the middle-aged population. Kumar and Ujire (2024) highlighted that, the research approach within the research has aimed to develop the theory within the qualitative research that is narrowing the scope of the study. The research has extracted the information from earlier published medical air pollution data and its impact on the CVD outcome of the middle-aged population across the UK from the existing data to meet the research objective. As per Fife and Gossner (2024), inductive approaches prioritise examining meanings, ideas and narratives of the individual from the published literature within the qualitative research. Thus, advantage of using the inductive approach in the research is having definitive conclusions within the critical thinking to determine the reassertion objective based on the existing data related to air pollution and CVD. 
[bookmark: _heading=h.lmuokc6vgmqh][bookmark: _Toc218885181]3.7 Research strategy
The inductive research approach is chosen because the study aims to develop broader insights and conclusions from the existing evidence on air pollution exposure and the cardiovascular health outcomes for 40-50-year-old individuals in the UK. Moreover, rather than testing the predetermined hypothesis, the deductive approach is able to allow patterns (Riazi, 2025). These are associated with the themes emerging from the analysis of secondary data sources, for example, epidemiological studies and also national health statistics (Ahmad and Wilkins, 2024). The multifactorial nature of cardiovascular disease supports exploring varying pollution levels, geographical locations and the exposure to durations that are related to health outcomes. The approaches are particularly suitable for air pollution research that continues to evolve and further emerges evidence that might reveal new associations or the risk patterns specific to the middle-aged population. Subsequently, the synthesis of findings is from multiple datasets, as an inductive approach enables theory development regarding pollution-related cardiovascular risks within the UK context. Therefore, it further provides flexibility as well as depth in understanding complicated environmental health relationships. 
[bookmark: _heading=h.gwn8n5ojwd5e][bookmark: _Toc218885182]3.8 Study design-systematic review
The research has been outlined based on a systematic research design for exploring findings from earlier publications about describing the relationship between air pollution and CVDs of the UK and analysing the qualitative information. As mentioned in the report of Hall and Liebenberg (2024), for example, the qualitative research has included the descriptions of experiences based on the unique ability to determine the ideas of individuals. 
The inclusion criteria have been presented in the required articles investigating the association between air pollution exposure, such as PM2.5, P, 10, NO2 and cardiovascular health outcomes such as hypertension, heart disease or stroke, among adults aged 40-50 years in the UK. This research has chosen 16 peer-reviewed articles from PubMed and Google Scholar to ensure the reliability and credibility of the topic. 
Furthermore, these articles have been published between 2020 and 2025 by maintaining relevance and the regency and relevance of the study. The article has excluded the cardiovascular outcomes based on the younger than 40 years and older than 50 age groups. The selection of articles enhanced the strength by focusing the study to be able to synthesise the findings sections linking with predefined aims. However, this sampling technique has limited the generalisability by ensuring only high-quality; contextually appropriate articles for this research. This research has also achieved a higher depth of analysis and relevance to the identified age group populations of the UK to restrict the evidence-based selected sources.
[bookmark: _heading=h.l6cic7rdd6vl][bookmark: _Toc218885183]3.9 Method of data collection
[bookmark: _heading=h.yrtwhoiyni6u][bookmark: _Toc218885184]3.9.1 Search strategy
The research has included a qualitative strategy for analysing the information based on the link between air pollution and cardiovascular health outcomes across the UK population. As per the opinion of Dalimunthe et al. (2024), the use of a qualitative strategy by collecting secondary data from the health department, government articles and community meeting the research objective. Thus, the application of qualitative strategy helps in generating news regarding the long-term exposure to PM 2.,5 creating a negative impact on the health outcome of the UK middle-aged population. 
The research has focused on secondary data collection to integrate evidence from academic articles, government reports and health datasets. Qualitative strategy provides rich, contextual insights into consumer behaviour, motivations, and preferences, going beyond simple statistics (Putra and Sheyoputri, 2024). The 16 peer-reviewed researchers have systematically identified and selected from an electronic database searching using the keywords such as “AIR POLLUTION”; “CARDIOVASCULAR HEALTH”; “UK”. These articles have provided inferences into pollutant exposures such as particulate matter like PM2.5, PM10 and nitrogen oxide (NO2) and their association with the critical health outcomes like hypertension, heart failure, ischemic heart disease and arrhythmias. Additionally, the publicly available data from organisations such as DEFRA and the British Heart Foundation have been utilised for establishing the prevalence of UK statistics and exposure levels within the UK.
[bookmark: _heading=h.25ipn5rc1i29][bookmark: _Toc218885185]3.9.2 Framing research question: PICO
	PICO
	Search Terms

	Population
	 The UK population aged between 40 and 50

	Intervention
	 The factor being investigated regarding the relation between air pollution exposure and cardiovascular health, and evaluating the interventions of public health policies

	Comparison
	Health campaign for social awareness about air pollution exposure and cardiovascular health 

	Outcome
	 Public health policies for personal exposure reduction and lifestyle modifications can improve the cardiovascular health of the target population.

	SETTING 
	The UK healthcare context has been considered exploring cardiovascular health


[bookmark: _Toc218885133]Table 3.1: PICO search terms
(Source: Self-made)
[bookmark: _heading=h.4jdunxdmu3zs][bookmark: _Toc218885186]3.9.3 Database search procedure
	Key terms 
	AND 
	OR
	Data base

	“cardiovascular health outcomes”, “air pollution”, “Air Pollution in UK”,
	“cardiovascular health outcomes”, “air pollution” AND  “Air Pollution in UK”,
	“cardiovascular health outcomes”, “air pollution” OR “Air Pollution in UK”,
	PubMed: 4

	“cardiovascular health outcomes”, “air pollution”, "middle-aged population"
	“cardiovascular health outcomes”, “air pollution” AND "middle-aged population"


	“cardiovascular health outcomes”, “air pollution” OR "middle age population"


	Google Scholar: 10

	“Air Pollution in UK”, "middle-aged population" and “40-50 years old”
	“Air Pollution in UK”, "middle-aged population” AND  “40-50 years old”
	“Air Pollution in UK”, "middle-aged population" OR “40-50 years old”
	ResearchGate: 2


[bookmark: _Toc218885134]Table 3.2: Boolean operators 
(Source: Self-created) 
[bookmark: _heading=h.bgbofxu211p0][bookmark: _Toc218885187]3.9.4 HAND search
A manual process of including manual browsing to select specific journals and conference proceedings in a systematic research design is considered a hand search (Dagher and Khan, 2025). Therefore, the hand research has supported collecting articles primarily, which are aligned to air pollution exposure and cardiovascular diseases, to illustrate the health outcome of the middle-aged UK population. 
3.9.5 Grey literature
Producing research information using outside and traditional resources, such as government data and conference papers, for critical analysis regarding the relation between air pollution exposure and cardiovascular health outcomes. Benefits of using this method using SLR are to find data based on inclusive criteria on improving the cardiovascular health addressing the air pollution exposure.
[bookmark: _heading=h.76xjvy6gpryt][bookmark: _Toc218885188]3.9.6 Inclusion and Exclusion criteria 
	Criteria
	Inclusion
	Exclusion

	Population 
	In maintaining the inclusion criteria, the articles published between 2021 and 2025 are considered within the research
	In maintaining the exclusion criteria, the articles those are published before 2021 are not included in the research

	Intervention
	In this research, only the English language is considered for better outcomes and articles written in the English Language are given added preference. 
	In the research, other than the English language, no other languages are considered, and articles written in other Languages are not given added preference.

	Comparison 
	Having the key terms such as “HEALTH OUTCOMES”, “AIR POLLUTION IN UK”. 
	Limited key terms used, such as “HEALTH OUTCOMES”, “AIR POLLUTION IN THE UK”

	Outcome
	Relation between air pollution exposure and cardiovascular health using peer-reviewed articles  
	Non-peer-reviewed articles are excluded when finding a relation between air pollution exposure and cardiovascular health using peer-reviewed articles 

	Settings
	Only the UK healthcare setting has been considered. 
	All the other healthcare settings and policies other than the UK are excluded.


[bookmark: _heading=h.j18dxxh9d5e7][bookmark: _Toc218885135]Table 3.3: Inclusion and Exclusion criteria
[bookmark: _heading=h.e5voh13pb36x](Source: Self-developed)
The inclusion and exclusion criteria used for database searches are presented in the table (Table 3.1). The inclusion and exclusion assist in defining the key criteria that have been utilised for gathering authentic and qualified research articles (Fabiano et al. 2024). The essential characteristic has been discussed in the inclusion and exclusion criteria for evaluating the impact of cardiovascular health outcomes of 40-50 years due to air pollution. Emon (2023) has discussed that the use of inclusion and exclusion criteria is efficient in systematic review for gathering reliable and relevant information for accurate data analysis. The key criteria that have been considered for gathering the information regarding the association of air pollution and cardiovascular health outcomes include articles published in the English language, published between 2021 to 2025. Moreover, peer-reviewed articles have only been considered in the study for an authentic and reliable assessment of the research topic (Dalimunthe et al. 2024). Thus, inclusion and exclusion criteria have been provided in the study that has been utilized for gathering relevant information on the association of air pollution and cardiovascular health outcomes among individuals aged from 40-50 years. 
[bookmark: _heading=h.k3hghd91e4jk][bookmark: _Toc218885189]3.10 Screening results
	Database
	Search Dates
	Inclusion Year
	Search Results
	Excluded
	Included

	PubMed
	26.11.2025
	2021-2025
	66781
	5674
	4

	Research gate
	27.11.2025
	2021-2025
	3456
	654
	2

	Google Scholar
	01.12.2025
	2021-2025
	3452
	367
	9

	HAND SEARCH
	03.12.2025
	2021-2025
	4676
	2344
	1

	TOTAL ARTICLES
	_
	_
	_
	_
	16


[bookmark: _Toc218885136]Table 3.4: Screening result 
(Source: Self-developed) 
[bookmark: _heading=h.3z8z16qwmy87][bookmark: _Toc218885190]3.11 Study selection
The article is derived from databases such as PubMed, ScienceDirect, ResearchGate and Google Scholar related to air pollution and CVDs health outcomes across the middle-aged population in the UK. 
[bookmark: _heading=h.4utdihgssqf7][bookmark: _Toc218885191]3.12 Left articles form the whole process
After conducting the sturdy selection process following inclusion and exclusion criteria, 71654 articles have been excluded. Benefit of using qualitative articles in the research is detailed insights into complex phenomena by describing the data on air pollution and CVDs.
[bookmark: _heading=h.cmtr4hzh8q3z][bookmark: _Toc218885192]3.13 PRISMA chart
[image: ]
[bookmark: _heading=h.b1723unoj4ur][bookmark: _Toc218885147]Figure 3.1: PRISMA flow diagram
(Source: Self-made)
The PRISMA framework is crucial for systematic reviews and meta-analyses because it ensures transparency, credibility, and consistency in reporting research (Nezameslami et al. 2025). The current study uses the PRISMA Framework for recording and supporting the search for relevant articles regarding the impact of air pollution exposure on cardiovascular health outcomes (Chapter 4). The focus of the study is to gather relevant and reliable information regarding the impact of air pollution and its impact on the cardiovascular health outcome among people aged from 40 to 50 years in the UK. 
[bookmark: _heading=h.mhen5po7fvc2][bookmark: _Toc218885193]3.14 Quality assessment (QA)
[image: ]
[bookmark: _heading=h.bsk9hxt5vldd][bookmark: _Toc218885148]Figure 3.2: Quality appraisal tool with CASP checklist
(Source: Self-made)
Research screening process has been applied by using the ‘Critical Appraisal Skills Program (CASP)’ checklist by ensuring the methodological rigour. CASP is appropriate since this thoroughly evaluates the trustworthiness, relevance and results of the research articles by enhancing the associations between exposures and health outcomes (CASP, 2025). Every 16 peer-reviewed articles of this study have been selected from PubMed by screening against CASP criteria to improve clarity, reliability and validity of the research. The studies have demonstrated methodological adequacy and transparency through thematic analysis. The articles that have lacked sufficient details by displaying a high risk of bias and did not align with the research objectives have already been excluded. Hence, the use of CASP checklists has enhanced consistency, reducing subjectivity in screening of the articles by strengthening the overall credibility of the dissertation's conclusions.
[bookmark: _heading=h.n0ccjz9ahpba][bookmark: _Toc218885194]3.15 Data characteristics and data extraction
	Study author’s name
	Objective/Purpose
	Sample
	Methodology
	Strengths
	Weaknesses
	Results
	Conclusion
	Data
extraction
criteria
	Data
extraction
criteria
	Themes
per each
articles

	Woodward et al. (2024)
	The research aims to evaluate the impacts of policies that help in mitigating air pollution on the bias in exposure across deprivation groups
	Unavailable 
	Secondary method by using the UK Integrated Assessment Model

	The use of extensive existing data and recognising the statistical analysis has been a potential strength 
	The exceedances of a limit value have been a potential limitation of the research methodology. 
	The key findings of the article have recognised that the prevalence as well as incidence of health impacts associated with air pollution are considered to be substantially greater among deprived UK populations compared to less deprived populations.
	The difference of life expectancy for males is 9.4 years, whereas, 1.6 years for females.  
	The article aligns with objective 1 due to the availability of information based on PM2.5 exposure

	The article aligns with objective 2 due to the availability of information based on the stroke incident
	Theme 1 


[bookmark: _heading=h.6vfwgnrqwlx3][bookmark: _Toc218885137]Table 3.1: Data characteristics and data extraction
(Source: Self-developed)
This secondary data collection has followed the PRISMA 2020 guidelines, analysing the relevant keywords in selected articles (2020-2025) from authentic databases. The studies with poor methodological details, non-English papers or published prior to 2020 have been excluded to ensure the high-quality, transparent and replicable evidence selection with consistent systematic review standards. Therefore, this secondary data collection has ensured data transparency by documenting the searched databases, utilising keywords and inclusion rationale. This has described the cost-effectiveness and methodological rigour consistent with the secondary systematic research. This method has shown strong, evidence-based patterns that have supported the exploration of associations and trends without requiring the primary data collections to enhance research validity and replicability.
[bookmark: _heading=h.uhtt4ia4e9x8][bookmark: _Toc218885195]3.16 Data synthesis
The thematic analysis approach has been chosen for this research by investigating patterns emerging from the secondary data. This methodology has been chosen for its ability to understand recurrent concepts by highlighting similarities and differences, and organising findings into meaningful themes. The analysis has followed Braun and Clarke’s six-step model to apply familiarisation with data, generating initial data codes by searching for themes, reviewing themes, definitions and naming themes by generating the final outcomes of this study (Naeem et al. 2023). The thematic analysis has been supported by the research objectives to enable researchers to comprehend statistical relationships along with the contextual implications for health and social care. The data triangulation has been achieved by comparing findings from several authentic sources to improve research validity. The thematic data analysis has enabled strategic data interpretation of diverse evidence by following PRISMA 2020 guidelines. This strategy has ensured the association with research objectives by highlighting causal connections and wider public health implications through systematic synthesis and a transparent analytical process.
[bookmark: _heading=h.u9c64cu0y7or][bookmark: _Toc218885196]3.17 Limitation of the methods
The ethical review and oversight have been considered, with the project designed to align with the expectations of a postgraduate research program in public health. In addition to this, the findings have presented in a balanced manner by avoiding bias and generality for intending solely for academic and public health improvement. This research has ensured credibility and responsibility by adhering to these ethical frameworks. This ethical consideration has reinforced their contribution to evidence-based practices by addressing the health impacts of air pollution in the UK.
It can be summarised from the methodology chapter that the middle-aged population of the UK uses a qualitative strategy in the research for determining the impact created by long-term exposure to the air pollutant. The data were systematically reviewed from the 16 articles to address the research questions linked with the air population and CVDs health outcomes in the UK. This chapter has also highlighted the studies which have focused on the UK’s middle-aged population using the systematic review by enhancing the long-term air pollution affecting CVDs. 
[bookmark: _heading=h.kqxji0g0j7cd][bookmark: _Toc218885197]3.18 Chapter summary
The chapter concludes that the data from 16 articles have been reviewed following PRISMA 2020 and CASP frameworks to ensure transparent selection, rigorous quality appraisal, ethical integrity and reliability in the secondary data analysis. The research has included ethical consideration by securing the data storage processes and citing the author in the secondary analysis.


[bookmark: _heading=h.ed6da8rjvul8][bookmark: _Toc218885198]Chapter 4: Findings
[bookmark: _heading=h.7hxpu6u62yn6][bookmark: _Toc218885199]4.1 Introduction
The chapter is going to establish a thematic analysis through selecting topic-relevant articles from authentic sources. The establishment of thematic analysis can effectively evaluate the key context of the thesis. Additionally, interpreting information through thematic analysis can be beneficial in addressing the research objectives as well as answering the research questions. 
[bookmark: _heading=h.uh7l1tkd5gpl][bookmark: _Toc218885200]4.2 Results
[bookmark: _heading=h.6if9req1w8lz][bookmark: _Toc218885201]4.2.1 Systematic Review of Databases
	Databases
	Search results
	Left after
exclusion
	Inclusion results

	Google Scholar
	3643
	743
	10

	Research Gate
	2455
	215
	2

	PubMed 
	1569
	247
	4


[bookmark: _heading=h.f2p2f5rx8il][bookmark: _Toc218885138]Table 4.1: Systematic Review of Databases
(Source: Created by Learner)
[bookmark: _heading=h.v546c9ws0kv9][bookmark: _Toc218885202]4.2.2 PRISMA diagram
[image: ]
[bookmark: _Toc218885149]Figure 4.1: PRISMA 
(Source: Self-developed)
Mengiste et al. (2021) have outlined the use of the PRISMA framework used in systematic reviews for transparently reporting the data analysis obtained from diverse sources to develop findings. The use of the PRISM flowchart is effective in outlining and visualising the overall processes of gathering, checking, analysing and screening the datasets for final inclusion, showing numbers with each stage.
16

[bookmark: _heading=h.wm1cgbgo9am2][bookmark: _Toc218885203]4.2.3 Data characteristics table 
	Study author’s name
	Objective/Purpose
	Sample
	Methodology
	Strengths
	Weaknesses
	Results
	Conclusion
	Data
extraction
criteria
	Data
extraction
criteria
	Themes
per each
articles

	Woodward et al. (2024)
	The research aims to evaluate the impacts of policies that help in mitigating air pollution on the bias in exposure across deprivation groups
	Unavailable 
	Secondary method by using the UK Integrated Assessment Model

	The use of extensive existing data and recognising the statistical analysis has been a potential strength 
	The exceedances of a limit value have been a potential limitation of the research methodology. 
	The key findings of the article have recognised that the prevalence as well as incidence of health impacts associated with air pollution are considered to be substantially greater among deprived UK populations compared to less deprived populations.
	The difference of life expectancy for males is 9.4 years, whereas, 1.6 years for females.  
	The article aligns with objective 1 due to the availability of information based on PM2.5 exposure

	The article aligns with objective 2 due to the availability of information based on the stroke incident
	Theme 1 

	Amnuaylojaroen and Parasin (2024)
	The article aims to compare the pathogenesis of the disease caused by PM2.5 in people of different ages, focusing on how children, adults
	A total of 10 articles were screened
	Secondary qualitative method
	The use of inclusion and exclusion criteria has strengthened the research's key findings.  
	Lack of primary quantitative research has developed potential bias within the data collection procedure. 
	The research findings have represented the correlation between the exposures to PM2.5 during childhood as well as elevated the likelihood of experiencing respiratory symptoms such as lung dysfunction and asthma. 
	The correlation between PM2.5 exposure is 9.8 µg/m3, which signifies a higher risk of heart attacks and stroke.
	The article aligns with objective 1 due to the availability of huge amounts of information about PM2.5-Related Disorders in Different Age Groups. 
	The article aligns with objective 2 due to the presence of human health information’s 
	Theme 1

	Zheng et al. (2024)
	The objective of the present study was to compare the strength of the aforementioned associations in middle-aged and elderly adults
	The primary quantitative method has been used within this research article.
	Included 7371 participants in the COPD surveillance from Guangdong
	The potential strengths of associations between the 722-day means of PM concentrations and asthma and asthma-related respiratory symptoms in single-pollutant models.
	The causality between long-term exposure to ambient PMs and asthma and asthma-related respiratory symptoms cannot be inferred because of the cross-sectional study design
	The key findings of the association of respective pollutant per 10 μg·m−3 increases have been consistent among adolescents regarding asthma and asthma-related respiratory symptoms.
	PM exposure has not significantly increased the risk of asthma among people having a family history of allergy.
	The article meets research objective 1 by evaluating the Long-term associations of PM1 versus PM2.5 and PM10
	The article meets research objective 2 by analysing the impact of PM2.5 on asthma and respiratory disease. 
	Theme 1

	Wu et al. (2025)
	The article aims to evaluate the PM2.5 exposure and socioeconomic disparities
	The secondary qualitative method has been used for this research
	Statistical analysis of GBD 2021 Dataset v2.0, released in 2024
	The use of such a data set has helped to evaluate the potential effect and cause of PM2.5. 
	It is extremely challenging to precisely quantify and eliminate measurement errors in epidemiological indicators, which results in data inconsistencies.
	The key findings of the articles have identified current evidence of PM2.5 as a crucial risk factor regarding ICH as well as strokes.
	The increase in air pollution exposure has resulted in an increase of 20% of ischemic strokes, along with 12% haemorrhagic strokes among middle-aged populations.
	The article meets research objective 1 by evaluating PM2.5 exposure and socioeconomic disparities in intracerebral haemorrhage burden
	The article meets research objective 1 by evaluating life loss (YLLs) for PM2.5-attributable ICH.
	Theme 1

	Krismanuel (2025)
	The research aims to provide actionable recommendations for policymakers, healthcare professionals, and the public to address the burden of CVD 
	The secondary qualitative method has been used within this article
	peer-reviewed articles published between 2015 and 2025
	The validity of these findings is strengthened by the observation of this link across various study designs, including cohort, case-control, and time-series analyses
	Publication bias may result from this, as studies with statistically significant positive results have a higher chance of getting published
	The chronic exposure to fine PM2.5 as well as incident to strokes and IHD, has shown for 10 μg/m3 in concentration
	The article concludes that PM2.5 increases the risk of serious cardiovascular disease by 10% to 20%. 

	The article meets research objective 2 
	The article meets research question 2 
	Theme 2 

	de Bont et al. (2022)
	The article aims to summarise the current epidemiological evidence linking ambient air pollution and multiple CVD
	The article has used an umbrella review using a secondary method
	Inclusion and exclusion criteria have been used in this article for selecting 56 peer-reviewed articles that were published between 2010 and 31 January 2021.
	The general strength of this umbrella review is that it provides a comprehensive overview of the effect of ambient air pollution on multiple cardiovascular outcomes.
	High heterogeneity was observed among the different meta-analyses, which may weaken arguments for causality
	The key finding of the article has highlighted that the rate of mortality and morbidity regarding hypertension as well as stroke has increased due to the increase in air exposure.
	The influence of pathways depends on the pollutant types, dose as well as duration of exposure.
	Meet objective 2
	The article fulfils research objective 3
	Theme 2

	Montone et al. (2023)
	The research aims to examine the concept of exposome, highlighting the close relationship between PM2.5 and other environmental exposures
	The secondary qualitative method has been used in this article 
	Not mentioned 
	The use of extensive secondary information has helped the article to establish a deep analysis of the topic. 
	The findings may not accurately reflect the mechanism by which PM2.5 mediates the risk of ACS being rather a hallmark for other mechanisms
	The findings highlight that the adverse effect of PM2.5 has manifested even with higher levels of exposure below the recommended standard of the WHO at 5 μg/m3 annually.
	Acute exposure of PM2.5 triggers ACS within the context of chronic long-term exposure, which promotes the progression of affects other traditional CV risk factors such as hypertension, type 2 diabetes and dyslipidaemia.
	The articles meet objective 2 of the research by evaluating the key impacts of air pollution on human health. 
	The article meets objective three of the research by analysing diverse clinical perspectives. 
	Theme 2

	Palacio et al. (2023)
	The article aims to explore a more comprehensive and multi-perspective assessment of how the effect of atmospheric pollutants on cardiac activity
	The article has used the secondary qualitative method for accumulating information’s 
	A total of 57 full papers were identified for inclusion in the
methodological review.
	Sufficient evidence had been reviewed to conclude that a
slight exposure to high levels of air pollution could reduce
quality of life
	A meta-analysis was not performed due to the heterogeneity in
the design and content of the included studies.
	The findings of the article have highlighted a marked increase in the area of fibrosis within a group treated with PM2.5 that received 10 mg per Kg body weight suspended in saline solutions.
	The effect of NO2 exposure on the generation of pulmonary
fibrosis can trigger lung and heart disease
	The article meets objective 2 of the research 
	The article meets objective 3 of the research 
	Theme 2

	Yadav et al. (2021)
	The article aims to evaluate the impact of air pollution of cardiovascular disease. 
	The secondary qualitative method has been used within this article 
	Not mentioned 
	Various experimental and epidemiological studies have strengthened the article’s general knowledge on the association of pollution with cardiovascular morbidity and mortality, and shown that air pollution
	Lack of empirical research has been a potential limitation of the articles. 
	It has been recognised from this article that high exposure to air pollution on health is equivalent to hypertension, smoking and physical inactivity.
	The cardiovascular health of individuals is positively correlated with a high range of air pollution.
	The article meets objective 3 of the research 
	The article fulfils objective 4 of this research 
	Theme 3

	Khoshakhlagh et al. (2024)
	The research aims to evaluate the burden of cardiovascular disease attributed to air pollution
	A meta-analysis has been used within the article 
	A sample of 92 peer-reviewed articles has been used within this article. 
	The study reveals the global burden of CVDs related to air pollution
	Investigating the effect of air pollution on only one type of CVDs, examining a limited number of air pollutants, are potential limitations. 
	The findings of this research have shown that the cardiovascular physiology of individuals is negatively impacted by high air pollution exposure.
	The level of stroke among CVD patients has increased by 1.8 times because of increased air pollution exposure.
	The article meets objective 3 of the research 
	The article fulfils objective 4 of this research 
	Theme 3

	Kumar et al. (2025)
	The research aims to evaluate the key cause of environmental pollutants as an emerging concern 
	A meta-analysis has been used within this research 
	Not mentioned 
	The study demonstrated the identification of 171 suspect compounds in PM2.5 samples that had 40 active components
	The inherent limitations of observational data necessitate caution in drawing definitive conclusions.
	It has been identified from the findings section that cardiovascular diseases include heart failure and hypertension, which are mainly increased with PM2.5 exposure.
	The article has also found “WHO guideline regarding 10 µg/m3 that contributes to cardiovascular issues”.

	The articles meet objective 3 of the research by evaluating the key impacts of air pollution on human health. 
	The article meets objective four of the research by analysing diverse clinical perspectives. 
	Theme 3

	Luo et al. (2022)
	The article aims to evaluate the impacts of PM2.5 air pollution and cardiovascular diseases 
	Secondary qualitative method has been used within this article for accumulating information’s 
	Stratified random-cluster
A sampling strategy was used to select 2,526,145 non-institutionalised individuals from 31
provincial-level administrative division
	This study indicated that a high PM2.5 concentration could lead to a high burden of CVD-related
disability
	The results should be interpreted with caution
because the onset of CVD-related disability was based on self-reported retrospective
information
	This article has recognised the “CVD burden attributed to PM2.5”.  Therefore, the increased air pollution rate has negatively impacted the cardiovascular health of the population mainly from the middle age group.
	These findings imply that PM2.5 has a marginal decreasing effect on CVD morbidity at high levels of PM2.5
	Meeting objective 3
	The article fulfils research objective 4
	Theme 3

	Miller (2022)
	The article aims to evaluate pharmacological methods
as a means to explore biological mechanisms
	The article has used a secondary qualitative method for accumulating information. 
	Not mentioned 
	The current review provides an overview of studies that have used
pharmacological agents to prevent, reverse and, in a few cases, augment the cardiovascular effect of air pollution
	Lack of empirical evidence within the articles has hindered critical analysis of the key findings. 
	This research finding has recognised that prevention of air pollution exposure through limiting the emission rate and using air purifiers can lower the risk of cardiovascular diseases. 
	It has been recognised that air pollution is associated with considerable cardiovascular morbidity and mortality
	The articles meet objective 4 of the research by evaluating the key impacts of air pollution on human health. 
	The article meets objective 3 of the research by analysing diverse clinical perspectives. 
	Theme 4

	Bevan et al. (2021)
	The article aims to explore the ambient air Pollution and atherosclerosis
	The article has integrated a secondary qualitative method for accumulating information’s 
	Not mentioned 
	The article explores several areas of PM2.5 that cause air pollution. 
	Lack of empirical evidence has affected in depth analysis of the findings. 
	This article has highlighted that air quality measures or testing such as PM2.5 provides data on current air pollution exposure that makes patients of cardiovascular diseases aware of medical management and taking dietary supplements
	Small elevation in risk due to an
increase in PM2.5 translates into hundreds of thousands
of lives potentially lost
	The article meets objective 4 of the research 
	The article fulfils objective 3 of this research 
	Theme 4

	Joshi et al. (2022)
	The article aims to explore the effect of Air pollution and cardiovascular disease
	The article has integrated a secondary qualitative method for accumulating information’s 
	A population-based prospective study in 4494 participants
	Several potential mechanisms have been used in the article that has proposed a link between particle inhalation and cardiovascular disease, including oxidative stress and inflammation
	Lack of empirical evidence within the articles has hindered critical analysis of the key findings. 


	The effective usage of a facemask and indoor air purification systems has been recognised from the findings of this article to handle the negative impacts of air pollution exposure and manage the cardiovascular conditions in an effective manner.
	The presence of such negative impacts of higher PM2.5 exposure has a negative impact on population health qualities, particularly cardiac diseases.
	The article meets objective 3 of the research 

	The article meets objective 4 of the research 
	Theme 4


	Bălă et al. (2021)
	The article aims to summarise the most important air pollutants and their impact on the main respiratory diseases
	The secondary qualitative method has been used in this research 
	Not Mentioned 
	The characteristics of this review refer in particular to the lung
diseases caused by air pollutants
	Lack of empirical evidence 
	Cardiovascular systems of local individuals have been maintained in an effective way by lowering the emission rate.
	It has been recognised from this article that lowering the emission rate in the indoor environment by limiting the burning of coal is a major way of controlling the air pollutants.
	The article meets objective 4 of the research 
	The article fulfils objective 4 of this research 
	Theme 4


[bookmark: _heading=h.dpxv06skejy1][bookmark: _Toc218885139]Table 4.2: Data characteristics
(Source: Self-developed)

[bookmark: _heading=h.hdf7l4god4t7][bookmark: _Toc218885204]4.3 Data extraction and synthesis
[bookmark: _heading=h.vj4p0ewngi66][bookmark: _Toc218885205]4.3.1 Data extraction for quantitative studies
[Refer to appendix 3]
[bookmark: _heading=h.lfn58kcgph56][bookmark: _Toc218885206]4.3.2 Data extraction for qualitative studies
[Refer to appendix 2]
[bookmark: _heading=h.ya29q9lv1zk0][bookmark: _Toc218885207]4.3.3 Development of Themes
	Outcomes
	Page
	Line
	Data extracted
	Subthemes

	Theme 1: Major exposure of air pollutants such as PM2.5 impacts the health of middle-aged people (40-50 years) negatively

	3
	“Additional improvements due to the decline in heavy industry and the transition from coal power to less polluting energy generation” (Woodward et al. 2024, p.3)
	deprived communities within a country tend to be
exposed to higher levels of ambient air pollution.
	Core Inventory of Air Emissions impact health

	Theme 2: Presence of cardiovascular health issues hypertension, heart disease and
stroke are recognised in high air pollution exposure areas
	780
	“Countries with
low levels of air pollution, there is evidence of associations with cardiovascular health” (de Bont et al. 2022, p.780)
	The short-term exposure to PM2.5 has
increased the risk percentage by 2.50 per 10 μg/m
	Health inequalities promoted by air pollution exposure 

	Theme 3: Cardiovascular health diseases among the individuals aged 40-50 years and air
 pollution exposure levels are positively correlated
	2
	“the main cause for which is cardiovascular diseases
in 70e80% of the cases and rest are due to respiratory diseases and
Malignancies” (Yadav et al. 2021. p.2)
	Relative risk of cardiovascular mortality per 10 mg/m3 increase because of PM2.5 within both the
rural and rural areas
	Cardiovascular diseases are one of the common reasons for the global death rate.

	Theme 4: Limiting emission rate, checking air quality, using indoor air purifiers, and
 using face masks help in reducing air pollution exposure along with the presence of
cardiovascular diseases
	2
	“The health effects of air pollution persist at staggering levels” (Miller, 2022. p.2)
	Emission rate and
using air purifiers can lower the risk of cardiovascular diseases.
	The level of cardiac
oxidative promote the tendency of stroke.


[bookmark: _heading=h.wwipiwx4ktnl][bookmark: _Toc218885140]Table 4.5: Development of Themes
(Source: Created by Learner)
[bookmark: _heading=h.dd3fjt3qjy62][bookmark: _Toc218885208]4.3.4 Thematic Findings
Theme 1: Major exposure of air pollutants such as PM2.5 impacts the health of middle-aged people (40-50 years) negatively
Woodward et al. (2024) have stated that the prevalence as well as incidence of health impacts associated with air pollution are considered to be substantially greater among deprived UK populations compared to less deprived populations. The difference in life expectancy for males is 9.4 years, whereas, 1.6 years for females.
Amnuaylojaroen and Parasin (2024) have used a secondary qualitative method for evaluating the correlation between the exposures to PM2.5 during childhood, as well as increasing the likelihood of experiencing respiratory symptoms such as lung dysfunction and asthma. It has been recognised that the correlation between PM2.5 exposures is 9.8 µg/m3 of concentration, which signifies a higher risk of heart attacks and stroke.
As per the argument of Zheng et al. (2024), the association of respective pollutant per 10 μg·m−3 increase has been consistent among adolescents regarding asthma and asthma-related respiratory symptoms. Additionally, PM exposure has not significantly increased the risk of asthma among people with a family history of allergy. 
The key findings of Wu et al. (2025) have highlighted the current evidence of PM2.5 as a crucial risk factor regarding ICH as well as strokes. The increase in air pollution exposure has resulted in an increase of 20% of ischemic strokes, along with 12% haemorrhagic strokes among middle-aged populations.
Theme 2: Presence of cardiovascular health issues, such as hypertension, heart disease and stroke, is recognised in high air pollution exposure areas
Krismanuel (2025) has used a secondary qualitative method for evaluating the impacts of chronic exposure to fine PM2.5 and its relation to stroke incidents. It has been recognised that chronic exposure to fine PM2.5, as well as incident to strokes and IHD, has shown for 10 μg/m3 in concentration. This has resulted in increasing that risk of serious cardiovascular disease by 10% to 20%. 
As per the key findings of de Bont et al. (2022), the rate of mortality and morbidity regarding hypertension as well as stroke has increased due to the increase in air exposure. The article also contradicts that the influence of pathways depends on the pollutant types, dose, as well as duration of exposure.
Montone et al. (2023) have utilized a secondary qualitative method for analysing the adverse effect of PM2.5. The findings highlight that the adverse effect of PM2.5 has manifested even with higher levels of exposure below the recommended standard of the WHO at 5 μg/m3 annually. Additionally, acute exposure to PM2.5 triggers ACS within the context of chronic long-term exposure, which promotes the progression of affects other traditional CV risk factors such as hypertension, type 2 diabetes and dyslipidaemia.
The key findings of Palacio et al. (2023) have stated that the increase in the area of fibrosis in a group treated with PM2.5 that received 10 mg per Kg body weight suspended in saline solutions. 
Theme 3: Cardiovascular health diseases among individuals aged 40-50 years and air pollution exposure levels are positively correlated
As per the key findings of Yadav et al. (2021), high exposure to air pollution on health is equivalent to hypertension, smoking and physical inactivity. Therefore, the cardiovascular health of individuals is positively correlated with a high range of air pollution.  
As per the view of Khoshakhlagh et al. (2024), the cardiovascular physiology of individuals is negatively impacted by high air pollution exposure. The level of stroke among CVD patients has increased by 1.8 times because of increased air pollution exposure. 
Kumar et al. (2025) have argued that cardiovascular diseases include heart failure and hypertension, which are mainly increased with PM2.5 exposure. This article has also found “WHO guideline regarding 10 µg/m3, which contributes to cardiovascular issues”.
Luo et al. (2022) have integrated a secondary qualitative method and recognised the “CVD burden attributed to PM2.5”.  Therefore, the increased air pollution rate has negatively impacted the cardiovascular health of the population, mainly among the middle-aged group. 
Theme 4: Limiting the emission rate, checking the air quality, using indoor air purifiers, and using face masks 
Miller (2022) has highlighted that prevention of air pollution exposure through limiting the emission rate and using air purifiers can lower the risk of cardiovascular diseases. 
Bevan et al. (2021) have argued that air quality measures or testing, such as PM2.5 provides data on current air pollution exposure that makes patients with cardiovascular diseases aware of medical management and taking dietary supplements.
According to the analysis of Joshi et al. (2022), the effective usage of a facemask and indoor air purification systems has been recognised from the findings of this article to handle the negative impacts of air pollution exposure and manage the cardiovascular condition in an effective manner.
Additionally, Bălă et al. (2021) have contradicted that lowering the emission rate in the indoor environment by limiting the burning of coal is a major way of controlling the air pollutants. Cardiovascular systems of local individuals have been maintained in an effective way by lowering the emission rate.
[bookmark: _heading=h.894fz08o0c7x][bookmark: _Toc218885209]4.4 Summary of Main Findings
Findings of Theme 1
Major exposure to air pollutants such as PM2.5 negatively impacts the health of middle-aged and older adults by increasing the risk of cardiovascular diseases like heart attack and stroke. As per the opinion of Woodward et al. (2024), deprived communities within a country tend to be exposed to higher levels of ambient air pollution. Additionally, it has been estimated that approximately 48 billion Euros is the extra cost for health inequalities faced by the NHS in the UK. However, the author has contradicted that the UK government has focused on reducing the exposure level by 27% within the end of 2040. On the other hand, Amnuaylojaroen and Parasin (2024) have argued that the pathogenesis mechanism of PM2.5 within adults encompasses an intricate biological mechanism that has affected most of the organ systems and resulted in rising health complications. Thus, the presence of such negative impacts of higher PM2.5 exposure has a negative impact on population health, particularly cardiac diseases. 
[image: ]
[bookmark: _heading=h.fwck29svli36][bookmark: _Toc218885150]Figure 4.1: Impact of PM2.5 on population 
(Source: Woodward et al. 2024)
Long-term PM2.5 exposure contributes to chronic obstructive pulmonary disease as well as lower-respiratory infections such as pneumonia. As per the key findings of Zheng et al. (2024), the adjusted p-value for PM2.5 is 0.01 for Asthma and 0.007 for president cough. Additionally, the mean value for Asthma caused due to the high exposure of PM2.5 is 40.09±7.94, which is slightly stronger in men compared to females. On the other hand, Wu et al. (2025) have argued that a negative correlation was observed between the standard deviation level as well as age standardised rates of death. Therefore, the r-value for death was -0.76, whereas the p-value was <0.001, which indicates the positive relation between CVD and air pollution. 
[image: ]
[bookmark: _heading=h.yeu3epix6ie0][bookmark: _Toc218885151]Figure 4.2: Death rate regarding the rise of PM2.5 exposure 
(Source: Wu et al. 2025)
Findings of Theme 2
Pollutants such as fine PM2.5 and NO₂ can trigger inflammation, oxidative stress, as well as endothelial dysfunction, which damage blood vessels and raise blood pressure, increasing the likelihood of heart attacks, heart failure, and strokes. As per the onion of Krismanuel (2025), short-term increases in PM2.5 and PM10 concentrations are highly linked to daily hospital admissions as well as cardiovascular-related events. The rate of cardiovascular diseases has accounted for 60% of air pollution, which has also increased morbidity as well as mortality rates in the present times. On the other hand, de Bont et al. (2022), the short-term exposure of PM2.5 has increased the risk percentage by 2.50 per 10 μg/m3. However, the long-term exposure of PM2.5 has been constant regarding the increase in stroke percentage among a country's population. Thus, PM2.5can penetrates the lungs as well as enter the bloodstream, which can lead to widespread adverse health effects. 
[image: ]
[bookmark: _heading=h.nqsbplc1h58][bookmark: _Toc218885152]Figure 4.3: Effect of PM2.5 exposure 
(Source: Palacio et al. 2023)
PM2.5 has the potential to promote the modification of cholesterol within 7-ketocholesterol in the circulating LDL fractions. This further stimulates the CD36-mediated phagocytosis through macrophages. As per the analysis of Montone et al. (2023), the exposure of PM2.5 has been associated with lower levels of high-density lipoprotein cholesterol as well as apolipoprotein. On the other hand, Palacio (2023), has argued that cardiac dysfunction is considered to be the major effect of PM2.5 exposure that has negatively impacted an individual's cardiac conduction. Thus, Long-term exposure can lead to chronic elevation in blood pressure as well as atherosclerosis, increasing the risk of heart attacks and heart failure.
Findings of Theme 3
It has been recognised that air pollution, mainly because of PM2.5, is mainly because of the burning of fossil fuels and biomass. Generation of dust from industries, mining as well as construction, indicates the generation of pollutants PM2.5. Yadav et al. (2021) have recognised that the high relative risk of cardiovascular mortality per 10 mg/m3 increase because of PM2.5 within both rural and rural areas. On the other hand, Khoshakhlagh et al. (2024) have recognised that cardiovascular diseases are one of the common reasons for the global death rate. The mortality rate among the middle-aged and adult groups regarding cardiovascular health is promoted through air pollution exposure. PM2.5 (86.6%) as well as PM10 (40%) are the obtained data that promote the death rates. Therefore, exploring the hospital admission rates and its reasons, the positive relation between PM and cardiovascular health of adults have been recognised.  
[image: ]
[bookmark: _heading=h.q6udu9w10bxa][bookmark: _Toc218885153]Figure 4.4: Increase in cardiovascular diseases due to PM2.5 exposure 
(Source: Luo et al. 2022)
Kumar et al. (2025) have stated that PM2.5 exposure promotes inflammation as well as metabolic disruptions. It has promoted the comorbidities as well as chronic air-pollutant exposure, which is recognised to affect life expectancy by increasing the chances of CVD.  Cardiovascular diseases and air pollution exposure levels are positively correlated, with chronic exposure significantly increasing the risk of heart attacks, strokes, and other cardiovascular events. As per the findings of Luo et al. (2022) lower rate of PM2.5 exposure has no significant relationship with PM2.5 concentration as well as increasing odds of disabilities regarding cardiovascular events. Thus, the mechanism involves inflammation and oxidative stress in cardiovascular tissues, leading to systemic effects like high blood pressure, endothelial dysfunction, and the development of atherosclerotic lesions.
Findings of Theme 4
Air pollutants such as PM2.5 have high effects on the cardiovascular health of the population, mainly in urban areas. Miller (2022) has stated that PM2.5 promotes the level of cardiac oxidative stress as well as inflammation, which promotes the tendency of stroke.  Therefore, limiting the industrial emission rate through rules and regulations, as well as using air purifiers, can lower the risk of cardiovascular diseases in the UK. On the other hand, Bevan et al. (2021) have stated that ambient air pollution ≤2.5 μ causes major death across the world. The association between cardiovascular mortality and long-term ozone exposures have promoted the death rates. Air quality measures or testing processes by the WHO, medical management and dietary supplements can lower the negative impact of air pollution exposure, which leads to lower cardiovascular death. 
[image: ]
[bookmark: _heading=h.cayz70lpn9py][bookmark: _Toc218885154]Figure 4.5: Air pollution exposure 
(Source: Joshi et al. 2022)
It has been recognised that high air pollution exposure has promoted cardiovascular conditions such as arrhythmias and cardiac arrest. Joshi et al. (2022) have recognised that 10 µg/m3 increases in the level of PM2.5 are associated with 0.89% of increased risk of atrial fibrillation. Usage of a facemask as well as using indoor air purification systems have helped in handling the negative impacts of air pollution exposure. It has also managed cardiovascular conditions in highly polluted areas in an effective manner. On the other hand, Bălă et al. (2021) have stated that limiting the burning of coal is a significant way of controlling air pollutants. In rural areas, this strategy plays an important role in minimising the exposure of air pollution to cardiovascular health.
[bookmark: _heading=h.vrgd5o3tfpho][bookmark: _Toc218885210]4.5 Conclusion
The above-mentioned chapter has highlighted the key finding that has been extracted from relevant articles, available on authentic websites. The key finding has highlighted that the high rate of PM2.5 exposure has highly impacted the cardiac health condition of individuals at present.  

[bookmark: _heading=h.t0qgd8ddhdwr]

[bookmark: _heading=h.hk0qpzh4i7my][bookmark: _Toc218885211]Chapter 5: Discussion
[bookmark: _heading=h.r8sqiniro5p6][bookmark: _Toc218885212]5.1 Discussion Title
The chapter is going to expose how fine PM2.5 has a high contribution to inflammation, oxidative stress as well as vascular dysfunction, which has increased the risk of hospital admissions. Thus, the necessity for addressing such issues is vital for ensuring the good health of UK older adults. 
[bookmark: _heading=h.vps5zi45azpv][bookmark: _Toc218885213]5.2 Introduction
The discussion chapter is going to illustrate the significance of the findings in terms of evaluating their relevance to the thesis topic. The overall finding evaluated within the thematic analysis is further going to be contrasted with the existing literature information in terms of acknowledging the relevance of the topic. The evaluation of this chapter can be beneficial in drawing a suitable conclusion of the research as well as establishing an in-depth analysis of the thesis objectives. 
The above-mentioned chapter has highlighted the effects of rising PM2.5 exposure that has negatively impacted the UK population's cardiovascular conditions. Pollutants can trigger an inflammatory response and increase oxidative stress, which damages blood vessels and the heart. The thematic analysis has highlighted that long-term exposure to PM2.5 is considered to be a major risk factor for heart disease, stroke, heart failure, and respiratory conditions such as COPD, and it can trigger asthma attacks. 
[bookmark: _heading=h.wrn7sncqidv][bookmark: _Toc218885214]5.3 Discussion
[bookmark: _heading=h.2ka7btzezzac][bookmark: _Toc218885215]5.3.1 Critical Evaluation of Findings
The thematic analysis has highlighted that long-term exposure to PM2.5 is considered to be a major risk factor for heart disease, stroke, heart failure, and respiratory conditions such as COPD, and it can trigger asthma attacks. As per the opinion of Woodward et al. (2024), the majority of deprived communities within a country tend to be exposed towards higher levels of ambient air pollution. This has led to an increase in the effect of cardiovascular diseases among the country's population. Contrary to existing literature reviews, Tudor et al. (2025) have argued that PM2.5 levels are aligned within the UK to have steadily declined ambient exposures that remain non-trivial, especially within residential as well as urban localities frequented by individuals aged 40-50 years. According to the official UK air quality, the PM2.5 concentration in the UK has reduced by 12.4 μg/m3 in 2009. This signifies a positive scenario regarding the benefit of the UK adult population. 
Personal exposure to PM2.5 can be higher than ambient concentrations, with ratios sometimes exceeding, particularly in indoor environments. As per the thematic analysis, Amnuaylojaroen and Parasin (2024), have mentioned that the pathogenesis mechanism of PM2.5 within adults encompasses an intricate biological mechanism that has affected most of the organ systems and resulted in rising health complications. In this respect, the pathogenesis mechanism of PM2.5 within adults encompasses an intricate biological mechanism that has affected most of the organ systems as well as resulted in rising health complications (Wang and Liu 2023). Contrary to existing literature, Wiehn et al. (2025), exceedances that are likely disproportionately affecting adults who live, committee and also work within urban settings based on daily activities coinciding with peak pollution periods. This signifies that the seasonal dynamic matters for the health condition of the UK adult population. The UK peaks within PM2.5 are considered to be around 8 to 9 μg/m3. These are observed within both the roadside as well as the urban background sites for those who are typically driven by the domestic hasting and evening traffic.
According to the secondary qualitative analysis, the evidence of association between long-term exposure in terms of Ambient PM2.5 as well as depression and anxiety, can be beneficial in enhancing the health condition of the population, especially cardiac health. For instance, Zheng et al. (2024), have mentioned that the mean value for Asthma caused by the high exposure of PM2.5 is 40.09±7.94, which is slightly stronger in men compared to females. The value signifies that increasing the exposure level has a significant impact on males’ health condition as compared to females. However, contradicting existing literature, Kinsella et al. (2025) have argued that the risk of rising cardiovascular disease is due to levels of concentration below 12-15 μg/m3, which demonstrate the current-day exposure. It has been recognised that exposure to fine PM2.5 has a high contribution to inflammation, oxidative stress as well as vascular dysfunction, and has increased the risk of hospital admissions. The increase in hospitalisation is considered to be the adverse effect of PM2.5 exposure. 
The thematic analysis highlights that prolonged exposure to PM2.5within older adults is considered to be associated with elevated rates of cardiovascular hospitalisation. For instance, Wu et al. (2025), have highlighted that the short-term exposure of PM2.5 has increased the risk percentage by 2.50 per 10 μg/m3. Apart from this, the long-term exposure of PM2.5 has been constant regarding the increase in stroke percentage among a country's population. On the other hand, contradicting existing literature Joshi et al. (2022) have mentioned that the predominant cause for air pollution has created risk of adverse cardiovascular events that included oxidative stress as well as inflammation that contributed to global burden of disease. This signifies that the long-term exposure to air particles has enhanced the risk of heart failure among older adults in the UK. Similar to the context, Krismanuel (2025) has argued that short-term rise within PM2.5 as well as PM10 concentration is highly linked to daily hospital admission as well as cardiovascular-related events. Therefore, air pollutants can trigger an inflammatory response as well as increase oxidative stress, which damages blood vessels and the heart.
The air pollution with a diameter of 2.5 is linked to ozone exposure, which has impacted patients’ health by increasing the risks of CVD (Kim et al. 2024). The literature review section has also provided statistical information regarding the 40 to 60-year age group, who mainly suffer from exposure to PM 2.5. Luo et al. (2022) have stated that mortality rates have increased by 3% within middle age people. The middle-income countries within the UK are the main segment that are facing high exposure to air pollution as well as experiencing problems managing cardiovascular health. On the other hand, Khoshakhlagh et al. (2024) have recognised that cardiovascular diseases are a common reason behind the global death rate. In the UK, the increased rate of CVD is promoted by PM2.5 and PM10 that are needed to be addressed to ensure the health of the population. 
Metabolic disruption is the main fact within cardiovascular morbidity (Raleigh et al. 2022). Similar to this context, Kumar et al. (2025) have stated on increased inflammation as well as metabolic disruptions because of PM2.5 exposure. The secondary findings section has also highlighted the oxidative stress, the process of damaging cells as well as hardening the arteries. Luo et al. (2022) evaluated the rate of PM2.5 exposure has no critical relationship between PM2.5 concentration and increasing odds of disabilities regarding cardiovascular events. Bikis (2023), have stated that the individuals from the rural or urban areas who have to suffer from high air pollution exposure can maintain their health by following the medical management as well as dietary rules in an effective manner. 
From the secondary qualitative analysis, the positive correlation between CVD and air pollution exposure has been recognised. Miller (2022) has suggested that limiting the emission rate and using air purifiers can lower the risk of cardiovascular diseases. On the other hand, Bevan et al. (2021) have stated that ambient air pollution ≤2.5 μ causes major death in the present environment. Regular monitoring of air quality has made the CVD patients concerned regarding medical management (Joshi et al. 2022). Usage of a facemask and processing with indoor air purification systems has assisted in handling the negative impacts of air pollution exposure. In addition, Bălă et al. (2021) have stated that limiting the burning of coal for controlling the air pollutants and lowering the risk of CVD mobility in the local areas. Therefore, the application of effective policies within a particular location has helped in lowering the air pollution rate. “DEFRA (the UK's Department for Environment, Food & Rural Affairs)” focuses on daily forecasting and summarising to preceding pollutant levels (Gov UK, 2025). Modelling (the Daily Air Quality Index: DAQI), ecosystem impacts, and measuring various pollutants are the facts considered by DEFRA. The health impacts of air pollutants have been handled in an effective manner. On the other hand, the British Heart Foundation (BHF)” has invested in funding and research in handling cardiovascular impacts through advocating for stricter air quality laws (BHF, 2025). Raising public awareness on the CVD risks of air pollution on heart health is another research area of BHF (Conrad et al. 2024). Hence, effective implication of environmental regulations as well as self-awareness has addressed CVD by handheld air pollutants. 
[bookmark: _heading=h.efgfccoisa3d][bookmark: _Toc218885216]5.3.2 Discussion of Themes in response to research objectives 
Objective 1
This dissertation has successfully addressed the four research objectives to establish the outset. The first objective has analysed the levels of exposure to major air pollutants such as PM2.5 among individuals aged 40-50 in the UK, which has been achieved through the literature review and secondary data from DEFRA and recent epidemiological studies. These sources have confirmed the high exposure levels, especially in the urban areas, with a focus on extending recommendations by the WHO.
Objective 2
The second objective has emphasised to evaluate the presence and types of cardiovascular health outcomes within the target population which has met by synthesising evidence from 16 purposively selected PubMed articles. The review has highlighted that hypertension, ischemic heart disease, atrial fibrillation and stroke are prevalent among midlife adults exposed to poor air quality with significant implications for morbidity and mortality.
Objective 3
The third objective to recommend the statistical relationship between the air pollution exposure and cardiovascular risks has been mentioned here by thematic analysis of the selected articles. The findings consistently addressed strong associations between long-term pollutant exposure and elevated cardiovascular risks.
Objective 4
The fourth objective is to recommend effective strategies that have been shown by evidence-based proposals for policy reform, preventive healthcare and public awareness campaigns.
[bookmark: _heading=h.jg0hnaxuk6jq][bookmark: _Toc218885217]5.4 Implications and Future Research Needs
The future research will emphasise extending the constraints of these dissertations. Firstly, the longitudinal cohort studies with personal exposure monitoring are required to gain more accurate outcomes than modelled residential data. This will also reduce exposure misclassification by clarifying causal pathways. Secondly, the broader age groups will be able to provide life-course analysis by showing the way midlife risks compare with earlier or later stages of life. Thirdly, the integration of biomarkers of inflammation, oxidative stress and vascular functions into epidemiological studies could highlight the understanding of mechanisms linking with the pollutants associated with heart disease. Furthermore, the intervention-based studies will evaluate the clean air policies in order to provide essential evidence of health benefits across the UK. The higher focus will be on the health inequalities context, as the underprivileged populations often experience both higher and lower exposure related to cardiovascular outcomes. Therefore, future research will generate stronger evidence by informing interventions and strengthening policy aimed at protecting vulnerable midlife populations in the UK.
[bookmark: _heading=h.c0vw32y7816][bookmark: _Toc218885218]5.5 Strengths and Limitations or Bias
This dissertation has also some limitations which are related to methodological bias. This study has fully reloaded on the secondary data from 16 peer-reviewed journal articles from credible sources which evidences by introducing potential selection bias. The purposive sampling technique ensures the relevance to the research question and objectives by excluding articles outside the inclusion criteria might have limited perspectives (Tajik et al. 2025). The time frame of 2020-2025 meant that the older or valuable longitudinal studies have not been considered here. In addition to this, the dependence on prior published research shows the research has been constrained by the methodological rigour of those articles, including the measurement of exposure and defined cardiovascular outcomes. The utilisation of thematic analysis has provided useful patterns but this is interpretive and subject to researcher bias in data coding. Therefore, the secondary qualitative research for the dissertation could not strategically build the associations rather than casualty between air pollution and cardiovascular diseases.
Recommendation 1: Increasing the UK’s environmental policy and regulation
The government of the UK is required to improve strong regulations on air quality by adhering to the updated WHO guidelines on PM2.5 and NO2 (WHO, 2021). The expansion of lower carbon emission zones with strict vehicle emission rules and investment in renewable energy sources are required to reduce ambient pollutant concentrations in the urban areas. Therefore, the emissions need to be reduced at the source, which will directly connect with the lower cardiovascular risk factors to minimise the risks associated with the cardiovascular system.
Recommendation 2: Integrating environmental risks associated with cardiovascular healthcare
The healthcare services need to be implemented since the air pollution exposure into cardiovascular risk assessments for adults aged 40-50. The general practitioners can understand the patients with higher risks and provide targeted preventive interventions such as regular blood pressure (BP) monitoring, quitting smoking support and minimising regular exposure in the high-pollution areas (Gaya et al. 2024). The public health campaigns need to complement this approach by integrating the health awareness associated with cardiovascular risks in the toxic air to offer real-world strategies for self-protection.
[bookmark: _heading=h.794y9eh1pxm7][bookmark: _Toc218885219]5.6 Conclusions
[bookmark: _heading=h.4s0fdce95vk3]In conclusion, this dissertation has analysed the connection between air pollution exposure and cardiovascular health outcomes across the middle-aged people in the UK. This research has started by outlining the prevalence of the problem in the first chapter by stating the research aim, objectives and questions as well. Furthermore, the literature review chapter has highlighted the key pollutants, including PM2.5 and NO2, with their physiological effects on the cardiovascular systems by evaluating evidence to connect long-term exposure, such as hypertension, ischemic disease and premature mortality.
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[bookmark: _Toc218885221]Appendix 1: CASP tool in Appraisal
Critical Appraisal Summary for Included Studies
Appraisal Questions
●	Was the question clearly focused?
●	Did the authors look for the right type of papers?
●	Were all relevant studies included?
●	Was quality assessment of included studies sufficient?
●	Was combining results reasonable?
●	What are the overall results?
●	How precise are the results?
●	Can the results be applied locally?
●	Were all important outcomes considered?
●	Are the benefits worth the harms and costs?
Notes
●	N/A: Not applicable (e.g., reviews not aimed at combining results or theoretical analyses).
●	Yes: The criterion is fully met.
●	No: The criterion is not met.
●	Can't Tell: It is not clear whether the criterion is met based on available information.
[bookmark: _heading=h.uxo4bxemsnyk][bookmark: _Toc218885222]Appendix 2: Qualitative studies
	Details of study
	Study 1
	Study 2
	Study 3
	Study 4
	Study 5
	Study 6
	Study 7
	Study 8
	Study 9
	Study 10
	Study 11
	Study 12
	Study 13
	Study 14
	Study 15

	Date of data extraction
	25.12.2025 
	26.12.2025
	26.12.2025
	27.12.2025
	28.12.2025
	28.12.2025
	29.12.2025
	30.12.2025
	30.12.2025
	31.12.2025
	31.12.2025
	31.12.2025
	31.12.2025
	31.12.2025
	31.12.2025

	Title:
	“Assessing PM2. 5
exposure bias towards deprived areas in England using a new indicator”
	“Pathogenesis of PM2. 5-related disorders in
different age groups: children, adults, and the elderly”
	“Impact of neighbourhood and environmental factors on the risk of incident cardiovascular
disease: a systematic review and meta-analysis”


	“Air pollution and cardiovascular diseases: mechanisms, evidence, and
mitigation strategies”


	“Ambient air pollution and cardiovascular diseases: An umbrella review of systematic reviews
and meta‐analyses”
	“Impact of air pollution on ischemic heart disease: evidence, mechanisms, clinical
perspective”

	“Air
pollution and cardiac diseases: a review of experimental studies”

	“Air pollution and its impact on cardiovascular
health–It&#39;s time to act fast”

	“Burden of cardiovascular disease attributed to air pollution: a systematic revie”


	“Environmental pollutants as emerging concerns for cardiac diseases: A review on their
impacts on cardiac health”


	“air pollution and
cardiovascular disease-associated disability among middle-aged and older adult”


	“Ambient air
pollution and atherosclerosis: insights into dose, time, and mechanisms”
	“Air pollution and cardiovascular disease: the
Paul wood lecture, British cardiovascular society 2021”
	“Air pollution
exposure—the (in) visible risk factor for respiratory diseases”


	“The cardiovascular effects of air pollution: Prevention and reversal by
pharmacological agent”


	Source: 
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar
	Google scholar

	Purpose of study
	To evaluate the impacts of policies that help in mitigating air pollution on the bias in exposure across deprivation groups


	To compare the pathogenesis of the disease caused by PM2.5 in people of different ages, focusing on how children, adults


	To evaluate the PM2.5 exposure and socioeconomic disparities
	To provide actionable recommendations for policymakers, healthcare professionals, and the public to address the burden of CVD 


	To summarise the current epidemiological evidence linking ambient air pollution and multiple CVD


	To examine the concept of exposome, highlighting the close relationship between PM2.5 and other environmental exposures


	To explore a more comprehensive and multiperspective assessment of how the effect of atmospheric pollutants on cardiac activity


	To evaluate the impact of air pollution of cardiovascular disease


	To evaluate the burden of cardiovascular disease attributed to air pollution


	To evaluate the key cause of environmental pollutants as an emerging concern 


	To evaluate the impacts of PM2.5 air pollution and cardiovascular diseases
	To explore the ambient air Pollution and atherosclerosis

	To explore the effect of Air pollution and cardiovascular disease
	To summarise the most important air pollutants and their impact on the main respiratory diseases


	To evaluate pharmacological methods
as a means to explore biological mechanisms


	Study design
	The secondary qualitative research method is used for this healthcare research. 

	Secondary qualitative research method
	The secondary qualitative method has been used for this research
	The secondary qualitative method has been used for this research
	The secondary qualitative method has been used for this research
	The secondary qualitative method has been used for this research
	The article has used the secondary qualitative method for accumulating informations 
	The secondary qualitative method has been used within this article 


	Secondary qualitative method
	A meta-analysis has been used within this research 
	Secondary qualitative method
	Secondary qualitative method
	Secondary qualitative method
	Secondary qualitative method
	Not applicable

	Population:
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not identified
	Not applicable

	Sample selection
	Purposive sampling
	Purposive sampling
	Purposive sampling
	Purposive sampling
	Purposive sampling
	Purposive sampling
	Purposive sampling
	Not mentioned 


	Not mentioned 


	Not mentioned 


	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not applicable

	Sample size (number)
	Not identified
	A total of 10 articles were screened
	Statistical analysis of GBD 2021 Dataset v2.0, released in 2024

	Not identified
	Not identified
	Not identified
	A total of 57 full papers were identified for inclusion in the
methodological review.

	Not identified
	A sample of 92 peer-reviewed articles has been used within this article. 


	Not mentioned 


	Not mentioned 


	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not applicable

	age
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not applicable

	Education, years 
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not applicable

	Ethnicity/race
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not applicable

	religion
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not applicable

	Setting
	Healthcare
	Healthcare
	Healthcare
	Healthcare
	Healthcare
	Healthcare
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not applicable

	Primary diagnosis at time of event
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not applicable

	exposure
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not mentioned 
	Not applicable



	Outcomes
	It has been recognised from the article that recognised that the prevalence as well as incidence of health impacts associated with air pollution are considered to be substantially greater among deprived UK populations compared to less deprived populations.
	It has been represented the correlation between the exposures to PM2.5 that elevated the likelihood of experiencing respiratory symptoms such as lung dysfunction and asthma. 


	current evidence of PM2.5 as a crucial risk factor regarding ICH as well as strokes.

	The chronic exposure to fine PM2.5 as well as incident to strokes and IHD, has shown for 10 μg/m3 in concentration
	The rate of mortality and morbidity regarding hypertension as well as stroke has increased due to the increase in air exposure.


	The adverse effect of PM2.5 has manifested even with higher levels of exposure below the recommended standard of the WHO at 5 μg/m3 annually.


	The article have highlighted a marked increase in the area of fibrosis within a group treated with PM2.5 that received 10 mg per Kg body weight suspended in saline solutions.
	The cardiovascular health of individuals is positively correlated with a high range of air pollution.
	Investigating the effect of air pollution on only one type of CVDs, examining a limited number of air pollutants, are potential limitations. 


	“WHO guideline regarding 10 µg/m3 that contributes to cardiovascular issues”
	It has been recognised that air pollution is associated with considerable cardiovascular morbidity and mortality




	Small elevation in risk due to an
increase in PM2.5 translates into hundreds of thousands
of lives potentially lost
	The effective usage of a facemask and indoor air purification systems has been recognised from the findings of this article to handle the negative impacts of air pollution exposure and manage the cardiovascular conditions in an effective manner.


	Cardiovascular systems of local individuals have been maintained in an effective way by lowering the emission rate.
	It has been recognised that air pollution is associated with considerable cardiovascular morbidity and mortality



	Adverse effects 
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable


(Source: Self-developed)

[bookmark: _heading=h.ymw34ldyzjif][bookmark: _Toc218885223]Appendix 3: Quantitative studies
	Details of study
	Study 1

	Date of data extraction
	29.12.2025 

	Title:
	“Long-term associations of PM1 versus PM2. 5 and PM10 with
asthma and asthma-related respiratory symptoms in the middle-aged and elderly population”

	Source: 
	Google scholar

	Purpose of study


	
 To compare the strength of the aforementioned associations in middle-aged and elderly adults

	Study design
	
The primary quantitative method has been used within this research article.

	Population:
	Not identified

	Sample size


	Included 7371 participants in the COPD surveillance from Guangdong



	Criteria for diagnosis, illness type etc
	Not applicable

	Any secondary characteristics such as diagnosis
	Articles related to PMs and asthma

	Exclusion criteria
	Not applicable

	Inclusion criteria
	Provided data on COPD survival in healthcare 

	Setting
	Not applicable

	Intervention
	Not applicable

	Comparator
	Not applicable

	Outcomes
	The key findings of the association of respective pollutant per 10 μg·m−3 increases have been consistent among adolescents regarding asthma and asthma-related respiratory symptoms.


	Adverse effects 
	Not applicable


(Source: Self-developed)
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