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Background: Coronary Artery Disease (CAD) is a growing public health concern, especially in polluted 
urban areas like Delhi. Air pollution exacerbates CAD progression through systemic in�ammation and 
oxidative stress, further aggravated by the environmental and psychological stress prevalent in such 
areas.

Introduction: This study focuses on understanding the impact of air pollution on CAD management 
from the perspective of healthcare professionals in Delhi. While quantitative data exists linking 
pollution to cardiovascular diseases, qualitative insights from cardiologists and interventional 
cardiologists remain underexplored. This study addresses the gap by collecting their experiences in 
managing CAD in high-pollution areas.

Methods: A qualitative research design was employed, using semi-structured interviews and 
questionnaires to gather data from healthcare professionals. Thematic analysis was conducted to 
identify patterns in the responses, focusing on the perceived impact of air pollution on CAD 
progression, treatment challenges, and recovery.

Results: The �ndings reveal that air pollution accelerates CAD progression, with higher acute 
coronary events during periods of high pollution. Lifestyle changes alone are insu�cient for 
advanced CAD, necessitating medical interventions. Patients exposed to pollution face slower 
recovery after procedures like angioplasty, with a signi�cant lack of patient awareness regarding 
pollution’s impact on cardiovascular health.

Conclusions: Air pollution poses signi�cant challenges to CAD management. Urgent action from 
policymakers and healthcare providers is needed to mitigate its e�ects through stricter emission 
controls, public health education, and integrated patient care. Without such interventions, the 
burden of CAD in polluted environments will continue to rise.

ABSTRACT Cardiovascular diseases; 
Coronary artery disease; Air 
pollution; Angioplasty; 
Patient care

KEYWORDS

Received 02 May 2024; 
Revised 31 May 2024; 
Accepted 07 June 2024

ARTICLE HISTORY

© 2024 The Author(s). Published by Reseapro Journals. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

*Correspondence:  Mr. Durgapada Sarkhel, Department of Biotechnology, MITS School of Biotechnology, Odisha, India, 751024, Tel/ Fax: +91 9861362141, e-mail: 
durgapadasarkhel98@gmail.com

Coronary Artery Disease (CAD) is a major global public health 
concern, with urban environments posing unique challenges 
due to environmental and lifestyle factors. In densely populated 
cities like Delhi, air pollution plays a signi�cant role in the 
progression of cardiovascular diseases, including CAD [1]. 
Pollutants such as particulate matter (PM2.5 and PM10) and 
nitrogen oxides (NOx), originating from vehicular emissions, 
industrial activities, and construction, are prevalent in Delhi. 
�ese pollutants enter the respiratory system and bloodstream, 
leading to systemic in�ammation, oxidative stress, and 
endothelial dysfunction, all of which contribute to the 
development and worsening of CAD [2].

 While the physical e�ects of air pollution are 
well-established, the psychological stress caused by living in 
polluted and congested urban areas also worsens cardiovascular 
risk. Chronic stress, common in urban settings, leads to elevated 
blood pressure, increased in�ammation, and other 
physiological responses that exacerbate CAD. �e combined 
impact of environmental pollution and psychological stress 
presents signi�cant challenges for healthcare providers 
managing CAD in cities like Delhi [3].

understanding of how environmental and psychological 
stressors interact in CAD management. By addressing these 
gaps, this research aims to provide a more nuanced 
understanding of the challenges healthcare providers face in 
managing CAD in one of the world’s most polluted cities [6].

 �is research has signi�cant implications for both clinical 
practice and public health policy. For healthcare providers, 
understanding the impact of environmental factors like air 
pollution on CAD patients is essential for developing 
comprehensive treatment plans [7]. Integrating knowledge of 
pollution’s e�ects into patient care could lead to targeted 
interventions, including early diagnostic screenings, 
personalized treatment protocols, and patient education on 
minimizing exposure to pollutants. �is approach could 
improve outcomes, particularly for high-risk individuals with 
pre-existing cardiovascular conditions [8].

 From a policy perspective, this research underscores the 
urgent need for stronger air quality regulations and urban 
planning initiatives aimed at reducing environmental health 
risks. Stricter emissions standards, cleaner energy alternatives, 
and the expansion of green spaces are critical to lowering 
pollution levels in cities like Delhi. Public health campaigns 
highlighting the link between air pollution and cardiovascular 
disease can also encourage preventive behaviours, such as 

reducing outdoor activities during peak pollution periods or 
using protective measures like air puri�ers [9].
�e following research questions guide this study:

1. How do cardiologists and interventional cardiologists in 
Delhi perceive the impact of air pollution on the 
progression and management of CAD?

2. What speci�c challenges do healthcare professionals face 
when diagnosing and treating CAD in high-pollution urban 
environments?

3. What strategies do healthcare providers recommend for 
mitigating the combined e�ects of air pollution and stress in 
CAD patients?

 �e objective of this study is to explore the qualitative 
experiences of healthcare professionals in Delhi, focusing on 
how air pollution in�uences CAD management. �rough 
interviews with cardiologists and interventional cardiologists, 
the study will gather insights into the challenges these 
professionals face and the strategies they recommend for 
mitigating the e�ects of both pollution and stress on 
cardiovascular health. �e �ndings will contribute to the 
existing body of knowledge on how environmental factors a�ect 
chronic diseases and provide valuable guidance for clinical 
practices and public health policies aimed at improving 
cardiovascular health in polluted urban centers (Figure 1) [10].

 Despite extensive quantitative research linking air 
pollution to CAD, the perspectives and experiences of 
healthcare professionals working in polluted environments 
remain underexplored. Existing studies predominantly focus 
on pollution levels, clinical outcomes, and hospital 
admissions, o�ering robust quantitative data. However, there 
is a lack of qualitative research examining how healthcare 
providers such as cardiologists and interventional 
cardiologists perceive and manage the impact of air pollution 
on CAD [4]. �is gap in the literature is critical because 
healthcare professionals engaged in diagnosing and treating 
CAD patients in highly polluted areas can provide valuable 
insights into the challenges posed by environmental factors.

 �is study seeks to address this gap by collecting 
qualitative data from healthcare providers in Delhi, including 
cardiologists and interventional cardiologists. �e aim is to 
understand how these professionals perceive air pollution’s 
contribution to CAD, the challenges they encounter in 
treating patients, and the strategies they employ to mitigate 
the combined e�ects of pollution and stress [5]. �e lack of 
region-speci�c qualitative data limits the current 

Methodology
�is study employed a qualitative research design to explore the 
perspectives of healthcare professionals, speci�cally 
cardiologists and interventional cardiologists, on the impact of 
air pollution on CAD management in Delhi. Semi-structured 
interviews and questionnaires were utilized as the primary 
methods of data collection. Semi-structured interviews provided 
�exibility, allowing the interviewer to explore key topics while 
enabling the healthcare professionals to elaborate on their 
experiences. �is approach ensured that the data collected 
captured both prede�ned areas of inquiry and emergent themes 
from the professionals' detailed re�ections on their practice [11].

 �e use of questionnaires helped to standardize speci�c 
responses, ensuring that certain aspects of CAD 
management under pollution conditions were uniformly 
addressed. �e mixed-method approach of interviews and 
questionnaires allowed for a comprehensive understanding 
of the challenges faced by these professionals in managing 
CAD patients, particularly in the context of a high-pollution 
urban environment like Delhi. Interviews were conducted 
either in person or via online platforms, depending on the 
availability of the healthcare professionals, ensuring 
�exibility and access across diverse clinical settings (Table 1) 
[12].

Ethical considerations
Ethical approval for the study was granted by the institutional 
ethics review board of the lead hospital. All healthcare 
professionals were provided with detailed information about 
the study's aims and procedures before participation. Written 
informed consent was obtained from all participants, ensuring 
that they fully understood their rights, including the option to 
withdraw from the study at any time without penalty [17]. To 
ensure con�dentiality, all identifying information was 
anonymized. Participants were assured that the �ndings would 
be reported in aggregate form, with no individual healthcare 
professional being identi�able in the �nal publication. �ese 
ethical protocols ensured that the study was conducted in 

accordance with the highest standards of data protection and 
participant con�dentiality, fostering an environment in which 
healthcare professionals could openly share their clinical 
insights and experiences [18].
Results 
We describe herein the key �ndings and themes based on the 
qualitative interviews on the impact of air pollution on CAD 
management. �is involved collecting qualitative data through 
interviews and questionnaires before conducting content 
analysis to identify and interpret themes. Table 2 summarizes 
the questions asked, the themes identi�ed, the responses from 
participants, and the key �ndings and themes derived from the 
content analysis.

Discussion
�e �ndings from this study emphasize the severe impact of air 
pollution on the progression and management of Coronary 
Artery Disease (CAD) in highly polluted environments like 
Delhi. Both participants observed that air pollution accelerates 
CAD progression by causing systemic in�ammation, oxidative 
stress, and endothelial dysfunction. �ese physiological e�ects 
lead to faster plaque buildup in the arteries, which increases the 
frequency of acute coronary events, especially during 
high-pollution periods such as winter. �ese observations align 
with existing research, such as Liao et al. (2021), who 
demonstrated that exposure to PM2.5 signi�cantly increases the 
risk of myocardial infarction by exacerbating atherosclerosis 
[19]. Similarly, Huang et al. (2021) reported that short-term 
exposure to elevated pollution levels can signi�cantly heighten 
the incidence of heart attacks and other acute cardiovascular 
events, a �nding that supports the experiences shared by the 
participants [20].

 �e participants also noted that while lifestyle changes, 
including dietary modi�cations and exercise, are bene�cial for 
managing early-stage CAD, they are o�en insu�cient for 
advanced cases, which require medical interventions such as 
angioplasty. �is observation is consistent with clinical 
guidelines for CAD, which advocates a combination of lifestyle 
modi�cation and pharmacological treatment, particularly for 
high-risk individuals. Studies by Figtree et al. (2023) 
highlighted the importance of medications such as statins, 
beta-blockers, and ACE inhibitors in reducing the risk of 
recurrent coronary events by controlling blood pressure, 
lowering cholesterol levels, and reducing in�ammation [21]. 
�e participants further emphasized the importance of 
optimizing medical management before surgical interventions, 

which is supported by Hussain et al. (2023), who emphasized 
the need for perioperative care tailored to CAD patients in 
polluted environments [22]. Proper medical management, they 
noted, not only improves surgical outcomes but also reduces the 
risk of post-operative complications, which tend to be higher in 
patients exposed to long-term pollution.

 Another critical �nding was that pollution signi�cantly 
hinders recovery a�er surgical interventions like angioplasty. 
�e participants observed that patients exposed to high levels of 
air pollution experienced slower healing and more frequent 
post-operative complications. �ese �ndings are consistent with 
the research of Motairek et al. (2023), who found that patients 
living in polluted environments exhibited longer recovery times 
following coronary interventions, largely due to the prolonged 
systemic in�ammation caused by chronic exposure to 
pollutants [23]. �is prolonged in�ammatory response impairs 
the body’s natural healing processes, increasing the risk of 
restenosis and necessitating closer post-operative monitoring. 
Zare et al (2016) also emphasized the importance of continuous 
follow-up and treatment adjustments for patients recovering 
from angioplasty in highly polluted areas, a point echoed by the 
participants in this study [24].

 A signi�cant concern highlighted by both participants was 
the lack of awareness among individuals regarding the link 
between air pollution and cardiovascular health. �is lack of 
understanding delays diagnosis and intervention, leading to 
worse outcomes for CAD patients. Public health education 
campaigns aimed at raising awareness of the cardiovascular 
risks posed by air pollution are crucial. �is observation is 
supported by Connor et al. (2020), who found that increased 
patient education on environmental risk factors improved 
cardiovascular disease management [25]. �eir study 

concluded that patients who understood the link between air 
pollution and heart disease were more likely to adhere to 
prescribed treatments and adopt protective behaviors, such as 
reducing outdoor activities during high-pollution periods and 
using air puri�ers at home.

 �e participants also observed a notable increase in CAD  
cases during the winter months, which they attributed to the 
combined e�ects of colder temperatures and elevated pollution 
levels [26]. Testa et al. (2022) con�rmed that both cold weather 
and increased pollution act as triggers for acute coronary 
events. Cold temperatures induce vasoconstriction, which 
raises blood pressure and exacerbates the in�ammatory e�ects 
of pollution, increasing the risk of heart attacks [27]. �is 
seasonal variation underscores the importance of continuous 
monitoring and preventive strategies during periods of high 
pollution, particularly in urban areas that experience signi�cant 
seasonal pollution spikes [28].

 While stents are e�ective in managing CAD, the participants 
emphasized that their long-term success is o�en compromised 
in patients exposed to high levels of pollution. �is observation 
aligns with �ndings by Misumida et al. (2016), who 
demonstrated that pollution increases the likelihood of 
restenosis, necessitating more frequent follow-up visits and 
adjustments to medical management [29]. Long-term follow-up 
is especially critical in polluted environments, as patients are at 
greater risk of post-surgical complications, even a�er successful 
interventions. �e participants recommended reducing 
exposure to pollution and closely monitoring stents to prevent 
restenosis and improve patient outcomes [30].

 �e emphasis placed by the participants on integrating 
discussions of air quality into patient consultations and 
promoting environmental controls, such as avoiding outdoor 
activities during peak pollution hours, is aligned with 
numerous public health recommendations. Rajagopalan et al. 
(2024) demonstrated that policies aimed at reducing vehicular 
emissions and increasing urban green spaces signi�cantly 
reduced the incidence of cardiovascular disease in polluted 
cities. �ese public health interventions, combined with 
individual protective measures, can help alleviate the burden of 
CAD in heavily polluted environments like Delhi [31].

Conclusions
�is study demonstrated a clear link between air pollution and 
the progression of Coronary Artery Disease (CAD) in Delhi, 
with long-term exposure to pollutants accelerating CAD 
through systemic in�ammation and oxidative stress. 
Participants reported an increase in acute coronary events 
during periods of high pollution, particularly in winter. 
Additionally, recovery from procedures like angioplasty was 
slower in polluted environments, primarily due to chronic 
in�ammation and prolonged exposure to environmental 
stressors. A key �nding was the signi�cant lack of awareness 
among individuals regarding the cardiovascular risks posed by 
air pollution and stress.

 Given the clear evidence of the detrimental e�ects of air 
pollution on CAD, immediate action is required from 
policymakers, healthcare providers, and public health experts. 
Policymakers should enforce stricter emission controls and 
promote green infrastructure to improve air quality. Healthcare 
providers must incorporate environmental risk assessments 

into regular consultations, providing tailored advice for at-risk 
individuals, such as using air quality monitors and avoiding 
outdoor activities during high pollution periods. Public health 
campaigns should prioritize educating the population on the 
cardiovascular risks of both pollution and stress, encouraging 
protective behaviors and early intervention strategies.

 Tackling the rising burden of CAD in polluted urban 
environments requires urgent collaboration between healthcare 
systems and environmental policymakers. Ensuring cleaner air 
and integrating environmental health into routine patient care 
are essential steps toward reducing the health risks for at-risk 
populations. Without decisive action, the harmful e�ects of air 
pollution and environmental stress will continue to exacerbate 
cardiovascular disease, placing millions at increased risk.
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Coronary Artery Disease (CAD) is a major global public health 
concern, with urban environments posing unique challenges 
due to environmental and lifestyle factors. In densely populated 
cities like Delhi, air pollution plays a signi�cant role in the 
progression of cardiovascular diseases, including CAD [1]. 
Pollutants such as particulate matter (PM2.5 and PM10) and 
nitrogen oxides (NOx), originating from vehicular emissions, 
industrial activities, and construction, are prevalent in Delhi. 
�ese pollutants enter the respiratory system and bloodstream, 
leading to systemic in�ammation, oxidative stress, and 
endothelial dysfunction, all of which contribute to the 
development and worsening of CAD [2].

 While the physical e�ects of air pollution are 
well-established, the psychological stress caused by living in 
polluted and congested urban areas also worsens cardiovascular 
risk. Chronic stress, common in urban settings, leads to elevated 
blood pressure, increased in�ammation, and other 
physiological responses that exacerbate CAD. �e combined 
impact of environmental pollution and psychological stress 
presents signi�cant challenges for healthcare providers 
managing CAD in cities like Delhi [3].

understanding of how environmental and psychological 
stressors interact in CAD management. By addressing these 
gaps, this research aims to provide a more nuanced 
understanding of the challenges healthcare providers face in 
managing CAD in one of the world’s most polluted cities [6].

 �is research has signi�cant implications for both clinical 
practice and public health policy. For healthcare providers, 
understanding the impact of environmental factors like air 
pollution on CAD patients is essential for developing 
comprehensive treatment plans [7]. Integrating knowledge of 
pollution’s e�ects into patient care could lead to targeted 
interventions, including early diagnostic screenings, 
personalized treatment protocols, and patient education on 
minimizing exposure to pollutants. �is approach could 
improve outcomes, particularly for high-risk individuals with 
pre-existing cardiovascular conditions [8].

 From a policy perspective, this research underscores the 
urgent need for stronger air quality regulations and urban 
planning initiatives aimed at reducing environmental health 
risks. Stricter emissions standards, cleaner energy alternatives, 
and the expansion of green spaces are critical to lowering 
pollution levels in cities like Delhi. Public health campaigns 
highlighting the link between air pollution and cardiovascular 
disease can also encourage preventive behaviours, such as 

reducing outdoor activities during peak pollution periods or 
using protective measures like air puri�ers [9].
�e following research questions guide this study:

1. How do cardiologists and interventional cardiologists in 
Delhi perceive the impact of air pollution on the 
progression and management of CAD?

2. What speci�c challenges do healthcare professionals face 
when diagnosing and treating CAD in high-pollution urban 
environments?

3. What strategies do healthcare providers recommend for 
mitigating the combined e�ects of air pollution and stress in 
CAD patients?

 �e objective of this study is to explore the qualitative 
experiences of healthcare professionals in Delhi, focusing on 
how air pollution in�uences CAD management. �rough 
interviews with cardiologists and interventional cardiologists, 
the study will gather insights into the challenges these 
professionals face and the strategies they recommend for 
mitigating the e�ects of both pollution and stress on 
cardiovascular health. �e �ndings will contribute to the 
existing body of knowledge on how environmental factors a�ect 
chronic diseases and provide valuable guidance for clinical 
practices and public health policies aimed at improving 
cardiovascular health in polluted urban centers (Figure 1) [10].

 Despite extensive quantitative research linking air 
pollution to CAD, the perspectives and experiences of 
healthcare professionals working in polluted environments 
remain underexplored. Existing studies predominantly focus 
on pollution levels, clinical outcomes, and hospital 
admissions, o�ering robust quantitative data. However, there 
is a lack of qualitative research examining how healthcare 
providers such as cardiologists and interventional 
cardiologists perceive and manage the impact of air pollution 
on CAD [4]. �is gap in the literature is critical because 
healthcare professionals engaged in diagnosing and treating 
CAD patients in highly polluted areas can provide valuable 
insights into the challenges posed by environmental factors.

 �is study seeks to address this gap by collecting 
qualitative data from healthcare providers in Delhi, including 
cardiologists and interventional cardiologists. �e aim is to 
understand how these professionals perceive air pollution’s 
contribution to CAD, the challenges they encounter in 
treating patients, and the strategies they employ to mitigate 
the combined e�ects of pollution and stress [5]. �e lack of 
region-speci�c qualitative data limits the current 

Methodology
�is study employed a qualitative research design to explore the 
perspectives of healthcare professionals, speci�cally 
cardiologists and interventional cardiologists, on the impact of 
air pollution on CAD management in Delhi. Semi-structured 
interviews and questionnaires were utilized as the primary 
methods of data collection. Semi-structured interviews provided 
�exibility, allowing the interviewer to explore key topics while 
enabling the healthcare professionals to elaborate on their 
experiences. �is approach ensured that the data collected 
captured both prede�ned areas of inquiry and emergent themes 
from the professionals' detailed re�ections on their practice [11].

 �e use of questionnaires helped to standardize speci�c 
responses, ensuring that certain aspects of CAD 
management under pollution conditions were uniformly 
addressed. �e mixed-method approach of interviews and 
questionnaires allowed for a comprehensive understanding 
of the challenges faced by these professionals in managing 
CAD patients, particularly in the context of a high-pollution 
urban environment like Delhi. Interviews were conducted 
either in person or via online platforms, depending on the 
availability of the healthcare professionals, ensuring 
�exibility and access across diverse clinical settings (Table 1) 
[12].

Ethical considerations
Ethical approval for the study was granted by the institutional 
ethics review board of the lead hospital. All healthcare 
professionals were provided with detailed information about 
the study's aims and procedures before participation. Written 
informed consent was obtained from all participants, ensuring 
that they fully understood their rights, including the option to 
withdraw from the study at any time without penalty [17]. To 
ensure con�dentiality, all identifying information was 
anonymized. Participants were assured that the �ndings would 
be reported in aggregate form, with no individual healthcare 
professional being identi�able in the �nal publication. �ese 
ethical protocols ensured that the study was conducted in 

accordance with the highest standards of data protection and 
participant con�dentiality, fostering an environment in which 
healthcare professionals could openly share their clinical 
insights and experiences [18].
Results 
We describe herein the key �ndings and themes based on the 
qualitative interviews on the impact of air pollution on CAD 
management. �is involved collecting qualitative data through 
interviews and questionnaires before conducting content 
analysis to identify and interpret themes. Table 2 summarizes 
the questions asked, the themes identi�ed, the responses from 
participants, and the key �ndings and themes derived from the 
content analysis.

Discussion
�e �ndings from this study emphasize the severe impact of air 
pollution on the progression and management of Coronary 
Artery Disease (CAD) in highly polluted environments like 
Delhi. Both participants observed that air pollution accelerates 
CAD progression by causing systemic in�ammation, oxidative 
stress, and endothelial dysfunction. �ese physiological e�ects 
lead to faster plaque buildup in the arteries, which increases the 
frequency of acute coronary events, especially during 
high-pollution periods such as winter. �ese observations align 
with existing research, such as Liao et al. (2021), who 
demonstrated that exposure to PM2.5 signi�cantly increases the 
risk of myocardial infarction by exacerbating atherosclerosis 
[19]. Similarly, Huang et al. (2021) reported that short-term 
exposure to elevated pollution levels can signi�cantly heighten 
the incidence of heart attacks and other acute cardiovascular 
events, a �nding that supports the experiences shared by the 
participants [20].

 �e participants also noted that while lifestyle changes, 
including dietary modi�cations and exercise, are bene�cial for 
managing early-stage CAD, they are o�en insu�cient for 
advanced cases, which require medical interventions such as 
angioplasty. �is observation is consistent with clinical 
guidelines for CAD, which advocates a combination of lifestyle 
modi�cation and pharmacological treatment, particularly for 
high-risk individuals. Studies by Figtree et al. (2023) 
highlighted the importance of medications such as statins, 
beta-blockers, and ACE inhibitors in reducing the risk of 
recurrent coronary events by controlling blood pressure, 
lowering cholesterol levels, and reducing in�ammation [21]. 
�e participants further emphasized the importance of 
optimizing medical management before surgical interventions, 

which is supported by Hussain et al. (2023), who emphasized 
the need for perioperative care tailored to CAD patients in 
polluted environments [22]. Proper medical management, they 
noted, not only improves surgical outcomes but also reduces the 
risk of post-operative complications, which tend to be higher in 
patients exposed to long-term pollution.

 Another critical �nding was that pollution signi�cantly 
hinders recovery a�er surgical interventions like angioplasty. 
�e participants observed that patients exposed to high levels of 
air pollution experienced slower healing and more frequent 
post-operative complications. �ese �ndings are consistent with 
the research of Motairek et al. (2023), who found that patients 
living in polluted environments exhibited longer recovery times 
following coronary interventions, largely due to the prolonged 
systemic in�ammation caused by chronic exposure to 
pollutants [23]. �is prolonged in�ammatory response impairs 
the body’s natural healing processes, increasing the risk of 
restenosis and necessitating closer post-operative monitoring. 
Zare et al (2016) also emphasized the importance of continuous 
follow-up and treatment adjustments for patients recovering 
from angioplasty in highly polluted areas, a point echoed by the 
participants in this study [24].

 A signi�cant concern highlighted by both participants was 
the lack of awareness among individuals regarding the link 
between air pollution and cardiovascular health. �is lack of 
understanding delays diagnosis and intervention, leading to 
worse outcomes for CAD patients. Public health education 
campaigns aimed at raising awareness of the cardiovascular 
risks posed by air pollution are crucial. �is observation is 
supported by Connor et al. (2020), who found that increased 
patient education on environmental risk factors improved 
cardiovascular disease management [25]. �eir study 

concluded that patients who understood the link between air 
pollution and heart disease were more likely to adhere to 
prescribed treatments and adopt protective behaviors, such as 
reducing outdoor activities during high-pollution periods and 
using air puri�ers at home.

 �e participants also observed a notable increase in CAD  
cases during the winter months, which they attributed to the 
combined e�ects of colder temperatures and elevated pollution 
levels [26]. Testa et al. (2022) con�rmed that both cold weather 
and increased pollution act as triggers for acute coronary 
events. Cold temperatures induce vasoconstriction, which 
raises blood pressure and exacerbates the in�ammatory e�ects 
of pollution, increasing the risk of heart attacks [27]. �is 
seasonal variation underscores the importance of continuous 
monitoring and preventive strategies during periods of high 
pollution, particularly in urban areas that experience signi�cant 
seasonal pollution spikes [28].

 While stents are e�ective in managing CAD, the participants 
emphasized that their long-term success is o�en compromised 
in patients exposed to high levels of pollution. �is observation 
aligns with �ndings by Misumida et al. (2016), who 
demonstrated that pollution increases the likelihood of 
restenosis, necessitating more frequent follow-up visits and 
adjustments to medical management [29]. Long-term follow-up 
is especially critical in polluted environments, as patients are at 
greater risk of post-surgical complications, even a�er successful 
interventions. �e participants recommended reducing 
exposure to pollution and closely monitoring stents to prevent 
restenosis and improve patient outcomes [30].

 �e emphasis placed by the participants on integrating 
discussions of air quality into patient consultations and 
promoting environmental controls, such as avoiding outdoor 
activities during peak pollution hours, is aligned with 
numerous public health recommendations. Rajagopalan et al. 
(2024) demonstrated that policies aimed at reducing vehicular 
emissions and increasing urban green spaces signi�cantly 
reduced the incidence of cardiovascular disease in polluted 
cities. �ese public health interventions, combined with 
individual protective measures, can help alleviate the burden of 
CAD in heavily polluted environments like Delhi [31].

Conclusions
�is study demonstrated a clear link between air pollution and 
the progression of Coronary Artery Disease (CAD) in Delhi, 
with long-term exposure to pollutants accelerating CAD 
through systemic in�ammation and oxidative stress. 
Participants reported an increase in acute coronary events 
during periods of high pollution, particularly in winter. 
Additionally, recovery from procedures like angioplasty was 
slower in polluted environments, primarily due to chronic 
in�ammation and prolonged exposure to environmental 
stressors. A key �nding was the signi�cant lack of awareness 
among individuals regarding the cardiovascular risks posed by 
air pollution and stress.

 Given the clear evidence of the detrimental e�ects of air 
pollution on CAD, immediate action is required from 
policymakers, healthcare providers, and public health experts. 
Policymakers should enforce stricter emission controls and 
promote green infrastructure to improve air quality. Healthcare 
providers must incorporate environmental risk assessments 

into regular consultations, providing tailored advice for at-risk 
individuals, such as using air quality monitors and avoiding 
outdoor activities during high pollution periods. Public health 
campaigns should prioritize educating the population on the 
cardiovascular risks of both pollution and stress, encouraging 
protective behaviors and early intervention strategies.

 Tackling the rising burden of CAD in polluted urban 
environments requires urgent collaboration between healthcare 
systems and environmental policymakers. Ensuring cleaner air 
and integrating environmental health into routine patient care 
are essential steps toward reducing the health risks for at-risk 
populations. Without decisive action, the harmful e�ects of air 
pollution and environmental stress will continue to exacerbate 
cardiovascular disease, placing millions at increased risk.
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Data collection methods
�e data collection process involved two key approaches: 
semi-structured interviews and questionnaires. �e 
semi-structured interviews provided detailed qualitative data, 
focusing on the healthcare professionals' experiences in 
managing CAD in a high-pollution context. �e interviews 
were designed to explore key areas such as the role of air 
pollution in the progression of CAD, clinical challenges in 
diagnosis and treatment, and the impact of environmental 
stressors on patient outcomes [13]. �e open-ended nature of 
these interviews allowed the healthcare professionals to provide 
nuanced insights into the interaction between air quality and 
cardiovascular disease management.

 �e questionnaires were designed to gather structured data, 
particularly regarding clinical protocols and management 
strategies. �e questions addressed key aspects of CAD 
management, such as the use of diagnostic tools like 
angiography and echocardiography, as well as the 
pharmacological treatments commonly prescribed. �e 
combination of interviews and questionnaires allowed for the 
collection of both qualitative insights and quantitative data, 
providing a comprehensive understanding of the clinical 
challenges posed by air pollution in CAD management [14].

Data analysis
Data analysis was conducted using thematic analysis, a method 
that allows for the identi�cation and interpretation of patterns 
within qualitative data. �e interviews were transcribed 
verbatim, and the transcriptions were reviewed thoroughly to 
ensure that the content was fully understood. �e analysis 
began with open coding, where segments of the text were 
labeled with speci�c codes representing key concepts, such as 
impact of air pollution on CAD and clinical challenges in 
polluted environments [15].

Once the initial coding was completed, the codes were grouped 
into broader categories to identify common themes across the 
data. �ese categories were re�ned through review and 
discussion within the research team, ensuring consistency in 
how the data were interpreted. Questionnaire data were also 
analyzed, with responses coded and compared to the qualitative 
data from the interviews. �is process allowed for the 
integration of quantitative �ndings with qualitative insights, 
ensuring that the analysis captured both the depth and breadth 
of the healthcare professionals' experiences (Figure 2) [16]. 
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Coronary Artery Disease (CAD) is a major global public health 
concern, with urban environments posing unique challenges 
due to environmental and lifestyle factors. In densely populated 
cities like Delhi, air pollution plays a signi�cant role in the 
progression of cardiovascular diseases, including CAD [1]. 
Pollutants such as particulate matter (PM2.5 and PM10) and 
nitrogen oxides (NOx), originating from vehicular emissions, 
industrial activities, and construction, are prevalent in Delhi. 
�ese pollutants enter the respiratory system and bloodstream, 
leading to systemic in�ammation, oxidative stress, and 
endothelial dysfunction, all of which contribute to the 
development and worsening of CAD [2].

 While the physical e�ects of air pollution are 
well-established, the psychological stress caused by living in 
polluted and congested urban areas also worsens cardiovascular 
risk. Chronic stress, common in urban settings, leads to elevated 
blood pressure, increased in�ammation, and other 
physiological responses that exacerbate CAD. �e combined 
impact of environmental pollution and psychological stress 
presents signi�cant challenges for healthcare providers 
managing CAD in cities like Delhi [3].

understanding of how environmental and psychological 
stressors interact in CAD management. By addressing these 
gaps, this research aims to provide a more nuanced 
understanding of the challenges healthcare providers face in 
managing CAD in one of the world’s most polluted cities [6].

 �is research has signi�cant implications for both clinical 
practice and public health policy. For healthcare providers, 
understanding the impact of environmental factors like air 
pollution on CAD patients is essential for developing 
comprehensive treatment plans [7]. Integrating knowledge of 
pollution’s e�ects into patient care could lead to targeted 
interventions, including early diagnostic screenings, 
personalized treatment protocols, and patient education on 
minimizing exposure to pollutants. �is approach could 
improve outcomes, particularly for high-risk individuals with 
pre-existing cardiovascular conditions [8].

 From a policy perspective, this research underscores the 
urgent need for stronger air quality regulations and urban 
planning initiatives aimed at reducing environmental health 
risks. Stricter emissions standards, cleaner energy alternatives, 
and the expansion of green spaces are critical to lowering 
pollution levels in cities like Delhi. Public health campaigns 
highlighting the link between air pollution and cardiovascular 
disease can also encourage preventive behaviours, such as 

reducing outdoor activities during peak pollution periods or 
using protective measures like air puri�ers [9].
�e following research questions guide this study:

1. How do cardiologists and interventional cardiologists in 
Delhi perceive the impact of air pollution on the 
progression and management of CAD?

2. What speci�c challenges do healthcare professionals face 
when diagnosing and treating CAD in high-pollution urban 
environments?

3. What strategies do healthcare providers recommend for 
mitigating the combined e�ects of air pollution and stress in 
CAD patients?

 �e objective of this study is to explore the qualitative 
experiences of healthcare professionals in Delhi, focusing on 
how air pollution in�uences CAD management. �rough 
interviews with cardiologists and interventional cardiologists, 
the study will gather insights into the challenges these 
professionals face and the strategies they recommend for 
mitigating the e�ects of both pollution and stress on 
cardiovascular health. �e �ndings will contribute to the 
existing body of knowledge on how environmental factors a�ect 
chronic diseases and provide valuable guidance for clinical 
practices and public health policies aimed at improving 
cardiovascular health in polluted urban centers (Figure 1) [10].

 Despite extensive quantitative research linking air 
pollution to CAD, the perspectives and experiences of 
healthcare professionals working in polluted environments 
remain underexplored. Existing studies predominantly focus 
on pollution levels, clinical outcomes, and hospital 
admissions, o�ering robust quantitative data. However, there 
is a lack of qualitative research examining how healthcare 
providers such as cardiologists and interventional 
cardiologists perceive and manage the impact of air pollution 
on CAD [4]. �is gap in the literature is critical because 
healthcare professionals engaged in diagnosing and treating 
CAD patients in highly polluted areas can provide valuable 
insights into the challenges posed by environmental factors.

 �is study seeks to address this gap by collecting 
qualitative data from healthcare providers in Delhi, including 
cardiologists and interventional cardiologists. �e aim is to 
understand how these professionals perceive air pollution’s 
contribution to CAD, the challenges they encounter in 
treating patients, and the strategies they employ to mitigate 
the combined e�ects of pollution and stress [5]. �e lack of 
region-speci�c qualitative data limits the current 

Methodology
�is study employed a qualitative research design to explore the 
perspectives of healthcare professionals, speci�cally 
cardiologists and interventional cardiologists, on the impact of 
air pollution on CAD management in Delhi. Semi-structured 
interviews and questionnaires were utilized as the primary 
methods of data collection. Semi-structured interviews provided 
�exibility, allowing the interviewer to explore key topics while 
enabling the healthcare professionals to elaborate on their 
experiences. �is approach ensured that the data collected 
captured both prede�ned areas of inquiry and emergent themes 
from the professionals' detailed re�ections on their practice [11].

 �e use of questionnaires helped to standardize speci�c 
responses, ensuring that certain aspects of CAD 
management under pollution conditions were uniformly 
addressed. �e mixed-method approach of interviews and 
questionnaires allowed for a comprehensive understanding 
of the challenges faced by these professionals in managing 
CAD patients, particularly in the context of a high-pollution 
urban environment like Delhi. Interviews were conducted 
either in person or via online platforms, depending on the 
availability of the healthcare professionals, ensuring 
�exibility and access across diverse clinical settings (Table 1) 
[12].

Ethical considerations
Ethical approval for the study was granted by the institutional 
ethics review board of the lead hospital. All healthcare 
professionals were provided with detailed information about 
the study's aims and procedures before participation. Written 
informed consent was obtained from all participants, ensuring 
that they fully understood their rights, including the option to 
withdraw from the study at any time without penalty [17]. To 
ensure con�dentiality, all identifying information was 
anonymized. Participants were assured that the �ndings would 
be reported in aggregate form, with no individual healthcare 
professional being identi�able in the �nal publication. �ese 
ethical protocols ensured that the study was conducted in 

accordance with the highest standards of data protection and 
participant con�dentiality, fostering an environment in which 
healthcare professionals could openly share their clinical 
insights and experiences [18].
Results 
We describe herein the key �ndings and themes based on the 
qualitative interviews on the impact of air pollution on CAD 
management. �is involved collecting qualitative data through 
interviews and questionnaires before conducting content 
analysis to identify and interpret themes. Table 2 summarizes 
the questions asked, the themes identi�ed, the responses from 
participants, and the key �ndings and themes derived from the 
content analysis.

Discussion
�e �ndings from this study emphasize the severe impact of air 
pollution on the progression and management of Coronary 
Artery Disease (CAD) in highly polluted environments like 
Delhi. Both participants observed that air pollution accelerates 
CAD progression by causing systemic in�ammation, oxidative 
stress, and endothelial dysfunction. �ese physiological e�ects 
lead to faster plaque buildup in the arteries, which increases the 
frequency of acute coronary events, especially during 
high-pollution periods such as winter. �ese observations align 
with existing research, such as Liao et al. (2021), who 
demonstrated that exposure to PM2.5 signi�cantly increases the 
risk of myocardial infarction by exacerbating atherosclerosis 
[19]. Similarly, Huang et al. (2021) reported that short-term 
exposure to elevated pollution levels can signi�cantly heighten 
the incidence of heart attacks and other acute cardiovascular 
events, a �nding that supports the experiences shared by the 
participants [20].

 �e participants also noted that while lifestyle changes, 
including dietary modi�cations and exercise, are bene�cial for 
managing early-stage CAD, they are o�en insu�cient for 
advanced cases, which require medical interventions such as 
angioplasty. �is observation is consistent with clinical 
guidelines for CAD, which advocates a combination of lifestyle 
modi�cation and pharmacological treatment, particularly for 
high-risk individuals. Studies by Figtree et al. (2023) 
highlighted the importance of medications such as statins, 
beta-blockers, and ACE inhibitors in reducing the risk of 
recurrent coronary events by controlling blood pressure, 
lowering cholesterol levels, and reducing in�ammation [21]. 
�e participants further emphasized the importance of 
optimizing medical management before surgical interventions, 

which is supported by Hussain et al. (2023), who emphasized 
the need for perioperative care tailored to CAD patients in 
polluted environments [22]. Proper medical management, they 
noted, not only improves surgical outcomes but also reduces the 
risk of post-operative complications, which tend to be higher in 
patients exposed to long-term pollution.

 Another critical �nding was that pollution signi�cantly 
hinders recovery a�er surgical interventions like angioplasty. 
�e participants observed that patients exposed to high levels of 
air pollution experienced slower healing and more frequent 
post-operative complications. �ese �ndings are consistent with 
the research of Motairek et al. (2023), who found that patients 
living in polluted environments exhibited longer recovery times 
following coronary interventions, largely due to the prolonged 
systemic in�ammation caused by chronic exposure to 
pollutants [23]. �is prolonged in�ammatory response impairs 
the body’s natural healing processes, increasing the risk of 
restenosis and necessitating closer post-operative monitoring. 
Zare et al (2016) also emphasized the importance of continuous 
follow-up and treatment adjustments for patients recovering 
from angioplasty in highly polluted areas, a point echoed by the 
participants in this study [24].

 A signi�cant concern highlighted by both participants was 
the lack of awareness among individuals regarding the link 
between air pollution and cardiovascular health. �is lack of 
understanding delays diagnosis and intervention, leading to 
worse outcomes for CAD patients. Public health education 
campaigns aimed at raising awareness of the cardiovascular 
risks posed by air pollution are crucial. �is observation is 
supported by Connor et al. (2020), who found that increased 
patient education on environmental risk factors improved 
cardiovascular disease management [25]. �eir study 

concluded that patients who understood the link between air 
pollution and heart disease were more likely to adhere to 
prescribed treatments and adopt protective behaviors, such as 
reducing outdoor activities during high-pollution periods and 
using air puri�ers at home.

 �e participants also observed a notable increase in CAD  
cases during the winter months, which they attributed to the 
combined e�ects of colder temperatures and elevated pollution 
levels [26]. Testa et al. (2022) con�rmed that both cold weather 
and increased pollution act as triggers for acute coronary 
events. Cold temperatures induce vasoconstriction, which 
raises blood pressure and exacerbates the in�ammatory e�ects 
of pollution, increasing the risk of heart attacks [27]. �is 
seasonal variation underscores the importance of continuous 
monitoring and preventive strategies during periods of high 
pollution, particularly in urban areas that experience signi�cant 
seasonal pollution spikes [28].

 While stents are e�ective in managing CAD, the participants 
emphasized that their long-term success is o�en compromised 
in patients exposed to high levels of pollution. �is observation 
aligns with �ndings by Misumida et al. (2016), who 
demonstrated that pollution increases the likelihood of 
restenosis, necessitating more frequent follow-up visits and 
adjustments to medical management [29]. Long-term follow-up 
is especially critical in polluted environments, as patients are at 
greater risk of post-surgical complications, even a�er successful 
interventions. �e participants recommended reducing 
exposure to pollution and closely monitoring stents to prevent 
restenosis and improve patient outcomes [30].

 �e emphasis placed by the participants on integrating 
discussions of air quality into patient consultations and 
promoting environmental controls, such as avoiding outdoor 
activities during peak pollution hours, is aligned with 
numerous public health recommendations. Rajagopalan et al. 
(2024) demonstrated that policies aimed at reducing vehicular 
emissions and increasing urban green spaces signi�cantly 
reduced the incidence of cardiovascular disease in polluted 
cities. �ese public health interventions, combined with 
individual protective measures, can help alleviate the burden of 
CAD in heavily polluted environments like Delhi [31].

Conclusions
�is study demonstrated a clear link between air pollution and 
the progression of Coronary Artery Disease (CAD) in Delhi, 
with long-term exposure to pollutants accelerating CAD 
through systemic in�ammation and oxidative stress. 
Participants reported an increase in acute coronary events 
during periods of high pollution, particularly in winter. 
Additionally, recovery from procedures like angioplasty was 
slower in polluted environments, primarily due to chronic 
in�ammation and prolonged exposure to environmental 
stressors. A key �nding was the signi�cant lack of awareness 
among individuals regarding the cardiovascular risks posed by 
air pollution and stress.

 Given the clear evidence of the detrimental e�ects of air 
pollution on CAD, immediate action is required from 
policymakers, healthcare providers, and public health experts. 
Policymakers should enforce stricter emission controls and 
promote green infrastructure to improve air quality. Healthcare 
providers must incorporate environmental risk assessments 

into regular consultations, providing tailored advice for at-risk 
individuals, such as using air quality monitors and avoiding 
outdoor activities during high pollution periods. Public health 
campaigns should prioritize educating the population on the 
cardiovascular risks of both pollution and stress, encouraging 
protective behaviors and early intervention strategies.

 Tackling the rising burden of CAD in polluted urban 
environments requires urgent collaboration between healthcare 
systems and environmental policymakers. Ensuring cleaner air 
and integrating environmental health into routine patient care 
are essential steps toward reducing the health risks for at-risk 
populations. Without decisive action, the harmful e�ects of air 
pollution and environmental stress will continue to exacerbate 
cardiovascular disease, placing millions at increased risk.
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Process Step Explanation

Planning Phase 1. Identify research questions and objectives.
2. Determine the scope and methodology of the study.

Interview Design 1. Develop interview questions aligned with research objectives.
2. Choose interview format (structured, semi-structured, or unstructured).

Participant Recruitment 1. Select participants based on the study’s criteria.
2. Obtain informed consent and brief participants.

Conducting Interviews 1. Conduct interviews, recording responses.
2. Ensure consistent interaction with participants.

Data Transcription 1. Convert audio/video recordings into written format.
2. Maintain accuracy and completeness in transcription.

Coding and Categorization 1. Assign codes to relevant segments of data.
2. Group similar codes into categories or themes.

�eme Identi�cation 1. Identify patterns and overarching themes from categorized data.
2. Ensure themes re�ect the core �ndings of the interviews.

Data Interpretation 1. Analyze themes in the context of research questions.
2. Explore relationships and signi�cance of �ndings.

Reporting and Presentation of Findings 1. Compile �ndings into a structured report.
2. Present conclusions and implications of the study.

Table 1. Summary of the process of data collection and analysis through qualitative interview process.

Data collection methods
�e data collection process involved two key approaches: 
semi-structured interviews and questionnaires. �e 
semi-structured interviews provided detailed qualitative data, 
focusing on the healthcare professionals' experiences in 
managing CAD in a high-pollution context. �e interviews 
were designed to explore key areas such as the role of air 
pollution in the progression of CAD, clinical challenges in 
diagnosis and treatment, and the impact of environmental 
stressors on patient outcomes [13]. �e open-ended nature of 
these interviews allowed the healthcare professionals to provide 
nuanced insights into the interaction between air quality and 
cardiovascular disease management.

 �e questionnaires were designed to gather structured data, 
particularly regarding clinical protocols and management 
strategies. �e questions addressed key aspects of CAD 
management, such as the use of diagnostic tools like 
angiography and echocardiography, as well as the 
pharmacological treatments commonly prescribed. �e 
combination of interviews and questionnaires allowed for the 
collection of both qualitative insights and quantitative data, 
providing a comprehensive understanding of the clinical 
challenges posed by air pollution in CAD management [14].

Data analysis
Data analysis was conducted using thematic analysis, a method 
that allows for the identi�cation and interpretation of patterns 
within qualitative data. �e interviews were transcribed 
verbatim, and the transcriptions were reviewed thoroughly to 
ensure that the content was fully understood. �e analysis 
began with open coding, where segments of the text were 
labeled with speci�c codes representing key concepts, such as 
impact of air pollution on CAD and clinical challenges in 
polluted environments [15].

Once the initial coding was completed, the codes were grouped 
into broader categories to identify common themes across the 
data. �ese categories were re�ned through review and 
discussion within the research team, ensuring consistency in 
how the data were interpreted. Questionnaire data were also 
analyzed, with responses coded and compared to the qualitative 
data from the interviews. �is process allowed for the 
integration of quantitative �ndings with qualitative insights, 
ensuring that the analysis captured both the depth and breadth 
of the healthcare professionals' experiences (Figure 2) [16]. 

Figure 2. Flowchart showing the detailed process of data collection 
and analysis.
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Coronary Artery Disease (CAD) is a major global public health 
concern, with urban environments posing unique challenges 
due to environmental and lifestyle factors. In densely populated 
cities like Delhi, air pollution plays a signi�cant role in the 
progression of cardiovascular diseases, including CAD [1]. 
Pollutants such as particulate matter (PM2.5 and PM10) and 
nitrogen oxides (NOx), originating from vehicular emissions, 
industrial activities, and construction, are prevalent in Delhi. 
�ese pollutants enter the respiratory system and bloodstream, 
leading to systemic in�ammation, oxidative stress, and 
endothelial dysfunction, all of which contribute to the 
development and worsening of CAD [2].

 While the physical e�ects of air pollution are 
well-established, the psychological stress caused by living in 
polluted and congested urban areas also worsens cardiovascular 
risk. Chronic stress, common in urban settings, leads to elevated 
blood pressure, increased in�ammation, and other 
physiological responses that exacerbate CAD. �e combined 
impact of environmental pollution and psychological stress 
presents signi�cant challenges for healthcare providers 
managing CAD in cities like Delhi [3].

understanding of how environmental and psychological 
stressors interact in CAD management. By addressing these 
gaps, this research aims to provide a more nuanced 
understanding of the challenges healthcare providers face in 
managing CAD in one of the world’s most polluted cities [6].

 �is research has signi�cant implications for both clinical 
practice and public health policy. For healthcare providers, 
understanding the impact of environmental factors like air 
pollution on CAD patients is essential for developing 
comprehensive treatment plans [7]. Integrating knowledge of 
pollution’s e�ects into patient care could lead to targeted 
interventions, including early diagnostic screenings, 
personalized treatment protocols, and patient education on 
minimizing exposure to pollutants. �is approach could 
improve outcomes, particularly for high-risk individuals with 
pre-existing cardiovascular conditions [8].

 From a policy perspective, this research underscores the 
urgent need for stronger air quality regulations and urban 
planning initiatives aimed at reducing environmental health 
risks. Stricter emissions standards, cleaner energy alternatives, 
and the expansion of green spaces are critical to lowering 
pollution levels in cities like Delhi. Public health campaigns 
highlighting the link between air pollution and cardiovascular 
disease can also encourage preventive behaviours, such as 

reducing outdoor activities during peak pollution periods or 
using protective measures like air puri�ers [9].
�e following research questions guide this study:

1. How do cardiologists and interventional cardiologists in 
Delhi perceive the impact of air pollution on the 
progression and management of CAD?

2. What speci�c challenges do healthcare professionals face 
when diagnosing and treating CAD in high-pollution urban 
environments?

3. What strategies do healthcare providers recommend for 
mitigating the combined e�ects of air pollution and stress in 
CAD patients?

 �e objective of this study is to explore the qualitative 
experiences of healthcare professionals in Delhi, focusing on 
how air pollution in�uences CAD management. �rough 
interviews with cardiologists and interventional cardiologists, 
the study will gather insights into the challenges these 
professionals face and the strategies they recommend for 
mitigating the e�ects of both pollution and stress on 
cardiovascular health. �e �ndings will contribute to the 
existing body of knowledge on how environmental factors a�ect 
chronic diseases and provide valuable guidance for clinical 
practices and public health policies aimed at improving 
cardiovascular health in polluted urban centers (Figure 1) [10].

 Despite extensive quantitative research linking air 
pollution to CAD, the perspectives and experiences of 
healthcare professionals working in polluted environments 
remain underexplored. Existing studies predominantly focus 
on pollution levels, clinical outcomes, and hospital 
admissions, o�ering robust quantitative data. However, there 
is a lack of qualitative research examining how healthcare 
providers such as cardiologists and interventional 
cardiologists perceive and manage the impact of air pollution 
on CAD [4]. �is gap in the literature is critical because 
healthcare professionals engaged in diagnosing and treating 
CAD patients in highly polluted areas can provide valuable 
insights into the challenges posed by environmental factors.

 �is study seeks to address this gap by collecting 
qualitative data from healthcare providers in Delhi, including 
cardiologists and interventional cardiologists. �e aim is to 
understand how these professionals perceive air pollution’s 
contribution to CAD, the challenges they encounter in 
treating patients, and the strategies they employ to mitigate 
the combined e�ects of pollution and stress [5]. �e lack of 
region-speci�c qualitative data limits the current 

Methodology
�is study employed a qualitative research design to explore the 
perspectives of healthcare professionals, speci�cally 
cardiologists and interventional cardiologists, on the impact of 
air pollution on CAD management in Delhi. Semi-structured 
interviews and questionnaires were utilized as the primary 
methods of data collection. Semi-structured interviews provided 
�exibility, allowing the interviewer to explore key topics while 
enabling the healthcare professionals to elaborate on their 
experiences. �is approach ensured that the data collected 
captured both prede�ned areas of inquiry and emergent themes 
from the professionals' detailed re�ections on their practice [11].

 �e use of questionnaires helped to standardize speci�c 
responses, ensuring that certain aspects of CAD 
management under pollution conditions were uniformly 
addressed. �e mixed-method approach of interviews and 
questionnaires allowed for a comprehensive understanding 
of the challenges faced by these professionals in managing 
CAD patients, particularly in the context of a high-pollution 
urban environment like Delhi. Interviews were conducted 
either in person or via online platforms, depending on the 
availability of the healthcare professionals, ensuring 
�exibility and access across diverse clinical settings (Table 1) 
[12].

Ethical considerations
Ethical approval for the study was granted by the institutional 
ethics review board of the lead hospital. All healthcare 
professionals were provided with detailed information about 
the study's aims and procedures before participation. Written 
informed consent was obtained from all participants, ensuring 
that they fully understood their rights, including the option to 
withdraw from the study at any time without penalty [17]. To 
ensure con�dentiality, all identifying information was 
anonymized. Participants were assured that the �ndings would 
be reported in aggregate form, with no individual healthcare 
professional being identi�able in the �nal publication. �ese 
ethical protocols ensured that the study was conducted in 

accordance with the highest standards of data protection and 
participant con�dentiality, fostering an environment in which 
healthcare professionals could openly share their clinical 
insights and experiences [18].
Results 
We describe herein the key �ndings and themes based on the 
qualitative interviews on the impact of air pollution on CAD 
management. �is involved collecting qualitative data through 
interviews and questionnaires before conducting content 
analysis to identify and interpret themes. Table 2 summarizes 
the questions asked, the themes identi�ed, the responses from 
participants, and the key �ndings and themes derived from the 
content analysis.

Discussion
�e �ndings from this study emphasize the severe impact of air 
pollution on the progression and management of Coronary 
Artery Disease (CAD) in highly polluted environments like 
Delhi. Both participants observed that air pollution accelerates 
CAD progression by causing systemic in�ammation, oxidative 
stress, and endothelial dysfunction. �ese physiological e�ects 
lead to faster plaque buildup in the arteries, which increases the 
frequency of acute coronary events, especially during 
high-pollution periods such as winter. �ese observations align 
with existing research, such as Liao et al. (2021), who 
demonstrated that exposure to PM2.5 signi�cantly increases the 
risk of myocardial infarction by exacerbating atherosclerosis 
[19]. Similarly, Huang et al. (2021) reported that short-term 
exposure to elevated pollution levels can signi�cantly heighten 
the incidence of heart attacks and other acute cardiovascular 
events, a �nding that supports the experiences shared by the 
participants [20].

 �e participants also noted that while lifestyle changes, 
including dietary modi�cations and exercise, are bene�cial for 
managing early-stage CAD, they are o�en insu�cient for 
advanced cases, which require medical interventions such as 
angioplasty. �is observation is consistent with clinical 
guidelines for CAD, which advocates a combination of lifestyle 
modi�cation and pharmacological treatment, particularly for 
high-risk individuals. Studies by Figtree et al. (2023) 
highlighted the importance of medications such as statins, 
beta-blockers, and ACE inhibitors in reducing the risk of 
recurrent coronary events by controlling blood pressure, 
lowering cholesterol levels, and reducing in�ammation [21]. 
�e participants further emphasized the importance of 
optimizing medical management before surgical interventions, 

which is supported by Hussain et al. (2023), who emphasized 
the need for perioperative care tailored to CAD patients in 
polluted environments [22]. Proper medical management, they 
noted, not only improves surgical outcomes but also reduces the 
risk of post-operative complications, which tend to be higher in 
patients exposed to long-term pollution.

 Another critical �nding was that pollution signi�cantly 
hinders recovery a�er surgical interventions like angioplasty. 
�e participants observed that patients exposed to high levels of 
air pollution experienced slower healing and more frequent 
post-operative complications. �ese �ndings are consistent with 
the research of Motairek et al. (2023), who found that patients 
living in polluted environments exhibited longer recovery times 
following coronary interventions, largely due to the prolonged 
systemic in�ammation caused by chronic exposure to 
pollutants [23]. �is prolonged in�ammatory response impairs 
the body’s natural healing processes, increasing the risk of 
restenosis and necessitating closer post-operative monitoring. 
Zare et al (2016) also emphasized the importance of continuous 
follow-up and treatment adjustments for patients recovering 
from angioplasty in highly polluted areas, a point echoed by the 
participants in this study [24].

 A signi�cant concern highlighted by both participants was 
the lack of awareness among individuals regarding the link 
between air pollution and cardiovascular health. �is lack of 
understanding delays diagnosis and intervention, leading to 
worse outcomes for CAD patients. Public health education 
campaigns aimed at raising awareness of the cardiovascular 
risks posed by air pollution are crucial. �is observation is 
supported by Connor et al. (2020), who found that increased 
patient education on environmental risk factors improved 
cardiovascular disease management [25]. �eir study 

concluded that patients who understood the link between air 
pollution and heart disease were more likely to adhere to 
prescribed treatments and adopt protective behaviors, such as 
reducing outdoor activities during high-pollution periods and 
using air puri�ers at home.

 �e participants also observed a notable increase in CAD  
cases during the winter months, which they attributed to the 
combined e�ects of colder temperatures and elevated pollution 
levels [26]. Testa et al. (2022) con�rmed that both cold weather 
and increased pollution act as triggers for acute coronary 
events. Cold temperatures induce vasoconstriction, which 
raises blood pressure and exacerbates the in�ammatory e�ects 
of pollution, increasing the risk of heart attacks [27]. �is 
seasonal variation underscores the importance of continuous 
monitoring and preventive strategies during periods of high 
pollution, particularly in urban areas that experience signi�cant 
seasonal pollution spikes [28].

 While stents are e�ective in managing CAD, the participants 
emphasized that their long-term success is o�en compromised 
in patients exposed to high levels of pollution. �is observation 
aligns with �ndings by Misumida et al. (2016), who 
demonstrated that pollution increases the likelihood of 
restenosis, necessitating more frequent follow-up visits and 
adjustments to medical management [29]. Long-term follow-up 
is especially critical in polluted environments, as patients are at 
greater risk of post-surgical complications, even a�er successful 
interventions. �e participants recommended reducing 
exposure to pollution and closely monitoring stents to prevent 
restenosis and improve patient outcomes [30].

 �e emphasis placed by the participants on integrating 
discussions of air quality into patient consultations and 
promoting environmental controls, such as avoiding outdoor 
activities during peak pollution hours, is aligned with 
numerous public health recommendations. Rajagopalan et al. 
(2024) demonstrated that policies aimed at reducing vehicular 
emissions and increasing urban green spaces signi�cantly 
reduced the incidence of cardiovascular disease in polluted 
cities. �ese public health interventions, combined with 
individual protective measures, can help alleviate the burden of 
CAD in heavily polluted environments like Delhi [31].

Conclusions
�is study demonstrated a clear link between air pollution and 
the progression of Coronary Artery Disease (CAD) in Delhi, 
with long-term exposure to pollutants accelerating CAD 
through systemic in�ammation and oxidative stress. 
Participants reported an increase in acute coronary events 
during periods of high pollution, particularly in winter. 
Additionally, recovery from procedures like angioplasty was 
slower in polluted environments, primarily due to chronic 
in�ammation and prolonged exposure to environmental 
stressors. A key �nding was the signi�cant lack of awareness 
among individuals regarding the cardiovascular risks posed by 
air pollution and stress.

 Given the clear evidence of the detrimental e�ects of air 
pollution on CAD, immediate action is required from 
policymakers, healthcare providers, and public health experts. 
Policymakers should enforce stricter emission controls and 
promote green infrastructure to improve air quality. Healthcare 
providers must incorporate environmental risk assessments 

into regular consultations, providing tailored advice for at-risk 
individuals, such as using air quality monitors and avoiding 
outdoor activities during high pollution periods. Public health 
campaigns should prioritize educating the population on the 
cardiovascular risks of both pollution and stress, encouraging 
protective behaviors and early intervention strategies.

 Tackling the rising burden of CAD in polluted urban 
environments requires urgent collaboration between healthcare 
systems and environmental policymakers. Ensuring cleaner air 
and integrating environmental health into routine patient care 
are essential steps toward reducing the health risks for at-risk 
populations. Without decisive action, the harmful e�ects of air 
pollution and environmental stress will continue to exacerbate 
cardiovascular disease, placing millions at increased risk.
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Data collection methods
�e data collection process involved two key approaches: 
semi-structured interviews and questionnaires. �e 
semi-structured interviews provided detailed qualitative data, 
focusing on the healthcare professionals' experiences in 
managing CAD in a high-pollution context. �e interviews 
were designed to explore key areas such as the role of air 
pollution in the progression of CAD, clinical challenges in 
diagnosis and treatment, and the impact of environmental 
stressors on patient outcomes [13]. �e open-ended nature of 
these interviews allowed the healthcare professionals to provide 
nuanced insights into the interaction between air quality and 
cardiovascular disease management.

 �e questionnaires were designed to gather structured data, 
particularly regarding clinical protocols and management 
strategies. �e questions addressed key aspects of CAD 
management, such as the use of diagnostic tools like 
angiography and echocardiography, as well as the 
pharmacological treatments commonly prescribed. �e 
combination of interviews and questionnaires allowed for the 
collection of both qualitative insights and quantitative data, 
providing a comprehensive understanding of the clinical 
challenges posed by air pollution in CAD management [14].

Data analysis
Data analysis was conducted using thematic analysis, a method 
that allows for the identi�cation and interpretation of patterns 
within qualitative data. �e interviews were transcribed 
verbatim, and the transcriptions were reviewed thoroughly to 
ensure that the content was fully understood. �e analysis 
began with open coding, where segments of the text were 
labeled with speci�c codes representing key concepts, such as 
impact of air pollution on CAD and clinical challenges in 
polluted environments [15].

Once the initial coding was completed, the codes were grouped 
into broader categories to identify common themes across the 
data. �ese categories were re�ned through review and 
discussion within the research team, ensuring consistency in 
how the data were interpreted. Questionnaire data were also 
analyzed, with responses coded and compared to the qualitative 
data from the interviews. �is process allowed for the 
integration of quantitative �ndings with qualitative insights, 
ensuring that the analysis captured both the depth and breadth 
of the healthcare professionals' experiences (Figure 2) [16]. 

Questions �eme Participant Answers Answer Content Analysis
How does air 
pollution impact the 
progression of CAD?

Impact of 
Pollution on 
CAD Progression

Participant 1: Pollution accelerates CAD 
progression by increasing in�ammation, 
leading to faster plaque buildup in arteries. 
Participant 2: We o�en see a spike in acute 
coronary events, especially during times of 
high pollution, which worsens pre-existing 
heart conditions.

Both agree that pollution 
aggravates CAD, with 
Participant 2 highlighting 
pollution’s role in triggering 
acute coronary events.

How e�ective are 
lifestyle changes in 
controlling CAD?

Role of Lifestyle 
Changes

Participant 1: Lifestyle changes like diet and 
exercise improve CAD symptoms 
signi�cantly, though adherence can be a 
challenge.
Participant 2: Lifestyle changes are crucial, 
but for severe cases, surgery or medication 
remains necessary alongside these 
adjustments.

While lifestyle changes are 
important, both participants 
emphasize that for advanced 
CAD, additional interventions 
are o�en required.

How important is 
medication in long-
term CAD 
management?

Long-Term 
Medication in 
CAD

Participant 1: Medications like statins and 
beta-blockers are crucial to managing long-
term CAD, reducing the risk of heart attacks. 
Participant 2: Post-surgery, medications are 
indispensable to prevent restenosis and 
manage underlying conditions.

Both stress the importance of 
medication, noting that it is 
vital both in long-term CAD 
management and in preventing 
complications post-
intervention.

Are patients aware of 
air pollution’s e�ect 
on heart health?

Patient 
Awareness of 
Pollution

Participant 1: Most patients do not realize the 
e�ect of pollution on their heart health until 
we explain it during consultations. 
Participant 2: �ere’s a signi�cant lack of 
awareness, and many patients are surprised 
when we link their symptoms to air 
pollution.

Both recognize a gap in patient 
awareness, which suggests a 
need for more patient education 
on the cardiovascular impacts 
of air pollution.

Do you notice 
seasonal �uctuations 
in CAD cases?

Seasonal 
In�uence on 
CAD

Participant 1: Yes, we see more cases in 
winter due to colder weather and higher 
pollution levels, leading to worsened 
symptoms. 
Participant 2: During winter, the number of 
CAD cases increases, with many patients 
experiencing acute episodes due to the poor 
air quality.

Both observe a rise in CAD 
cases during the winter, 
indicating that colder 
temperatures and pollution are 
important triggers for heart 
complications.

Table 2. Summary of Qualitative Interview Responses and Key Findings on the impact of air pollution on CAD management.
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Coronary Artery Disease (CAD) is a major global public health 
concern, with urban environments posing unique challenges 
due to environmental and lifestyle factors. In densely populated 
cities like Delhi, air pollution plays a signi�cant role in the 
progression of cardiovascular diseases, including CAD [1]. 
Pollutants such as particulate matter (PM2.5 and PM10) and 
nitrogen oxides (NOx), originating from vehicular emissions, 
industrial activities, and construction, are prevalent in Delhi. 
�ese pollutants enter the respiratory system and bloodstream, 
leading to systemic in�ammation, oxidative stress, and 
endothelial dysfunction, all of which contribute to the 
development and worsening of CAD [2].

 While the physical e�ects of air pollution are 
well-established, the psychological stress caused by living in 
polluted and congested urban areas also worsens cardiovascular 
risk. Chronic stress, common in urban settings, leads to elevated 
blood pressure, increased in�ammation, and other 
physiological responses that exacerbate CAD. �e combined 
impact of environmental pollution and psychological stress 
presents signi�cant challenges for healthcare providers 
managing CAD in cities like Delhi [3].

understanding of how environmental and psychological 
stressors interact in CAD management. By addressing these 
gaps, this research aims to provide a more nuanced 
understanding of the challenges healthcare providers face in 
managing CAD in one of the world’s most polluted cities [6].

 �is research has signi�cant implications for both clinical 
practice and public health policy. For healthcare providers, 
understanding the impact of environmental factors like air 
pollution on CAD patients is essential for developing 
comprehensive treatment plans [7]. Integrating knowledge of 
pollution’s e�ects into patient care could lead to targeted 
interventions, including early diagnostic screenings, 
personalized treatment protocols, and patient education on 
minimizing exposure to pollutants. �is approach could 
improve outcomes, particularly for high-risk individuals with 
pre-existing cardiovascular conditions [8].

 From a policy perspective, this research underscores the 
urgent need for stronger air quality regulations and urban 
planning initiatives aimed at reducing environmental health 
risks. Stricter emissions standards, cleaner energy alternatives, 
and the expansion of green spaces are critical to lowering 
pollution levels in cities like Delhi. Public health campaigns 
highlighting the link between air pollution and cardiovascular 
disease can also encourage preventive behaviours, such as 

reducing outdoor activities during peak pollution periods or 
using protective measures like air puri�ers [9].
�e following research questions guide this study:

1. How do cardiologists and interventional cardiologists in 
Delhi perceive the impact of air pollution on the 
progression and management of CAD?

2. What speci�c challenges do healthcare professionals face 
when diagnosing and treating CAD in high-pollution urban 
environments?

3. What strategies do healthcare providers recommend for 
mitigating the combined e�ects of air pollution and stress in 
CAD patients?

 �e objective of this study is to explore the qualitative 
experiences of healthcare professionals in Delhi, focusing on 
how air pollution in�uences CAD management. �rough 
interviews with cardiologists and interventional cardiologists, 
the study will gather insights into the challenges these 
professionals face and the strategies they recommend for 
mitigating the e�ects of both pollution and stress on 
cardiovascular health. �e �ndings will contribute to the 
existing body of knowledge on how environmental factors a�ect 
chronic diseases and provide valuable guidance for clinical 
practices and public health policies aimed at improving 
cardiovascular health in polluted urban centers (Figure 1) [10].

 Despite extensive quantitative research linking air 
pollution to CAD, the perspectives and experiences of 
healthcare professionals working in polluted environments 
remain underexplored. Existing studies predominantly focus 
on pollution levels, clinical outcomes, and hospital 
admissions, o�ering robust quantitative data. However, there 
is a lack of qualitative research examining how healthcare 
providers such as cardiologists and interventional 
cardiologists perceive and manage the impact of air pollution 
on CAD [4]. �is gap in the literature is critical because 
healthcare professionals engaged in diagnosing and treating 
CAD patients in highly polluted areas can provide valuable 
insights into the challenges posed by environmental factors.

 �is study seeks to address this gap by collecting 
qualitative data from healthcare providers in Delhi, including 
cardiologists and interventional cardiologists. �e aim is to 
understand how these professionals perceive air pollution’s 
contribution to CAD, the challenges they encounter in 
treating patients, and the strategies they employ to mitigate 
the combined e�ects of pollution and stress [5]. �e lack of 
region-speci�c qualitative data limits the current 

Methodology
�is study employed a qualitative research design to explore the 
perspectives of healthcare professionals, speci�cally 
cardiologists and interventional cardiologists, on the impact of 
air pollution on CAD management in Delhi. Semi-structured 
interviews and questionnaires were utilized as the primary 
methods of data collection. Semi-structured interviews provided 
�exibility, allowing the interviewer to explore key topics while 
enabling the healthcare professionals to elaborate on their 
experiences. �is approach ensured that the data collected 
captured both prede�ned areas of inquiry and emergent themes 
from the professionals' detailed re�ections on their practice [11].

 �e use of questionnaires helped to standardize speci�c 
responses, ensuring that certain aspects of CAD 
management under pollution conditions were uniformly 
addressed. �e mixed-method approach of interviews and 
questionnaires allowed for a comprehensive understanding 
of the challenges faced by these professionals in managing 
CAD patients, particularly in the context of a high-pollution 
urban environment like Delhi. Interviews were conducted 
either in person or via online platforms, depending on the 
availability of the healthcare professionals, ensuring 
�exibility and access across diverse clinical settings (Table 1) 
[12].

Ethical considerations
Ethical approval for the study was granted by the institutional 
ethics review board of the lead hospital. All healthcare 
professionals were provided with detailed information about 
the study's aims and procedures before participation. Written 
informed consent was obtained from all participants, ensuring 
that they fully understood their rights, including the option to 
withdraw from the study at any time without penalty [17]. To 
ensure con�dentiality, all identifying information was 
anonymized. Participants were assured that the �ndings would 
be reported in aggregate form, with no individual healthcare 
professional being identi�able in the �nal publication. �ese 
ethical protocols ensured that the study was conducted in 

accordance with the highest standards of data protection and 
participant con�dentiality, fostering an environment in which 
healthcare professionals could openly share their clinical 
insights and experiences [18].
Results 
We describe herein the key �ndings and themes based on the 
qualitative interviews on the impact of air pollution on CAD 
management. �is involved collecting qualitative data through 
interviews and questionnaires before conducting content 
analysis to identify and interpret themes. Table 2 summarizes 
the questions asked, the themes identi�ed, the responses from 
participants, and the key �ndings and themes derived from the 
content analysis.

Discussion
�e �ndings from this study emphasize the severe impact of air 
pollution on the progression and management of Coronary 
Artery Disease (CAD) in highly polluted environments like 
Delhi. Both participants observed that air pollution accelerates 
CAD progression by causing systemic in�ammation, oxidative 
stress, and endothelial dysfunction. �ese physiological e�ects 
lead to faster plaque buildup in the arteries, which increases the 
frequency of acute coronary events, especially during 
high-pollution periods such as winter. �ese observations align 
with existing research, such as Liao et al. (2021), who 
demonstrated that exposure to PM2.5 signi�cantly increases the 
risk of myocardial infarction by exacerbating atherosclerosis 
[19]. Similarly, Huang et al. (2021) reported that short-term 
exposure to elevated pollution levels can signi�cantly heighten 
the incidence of heart attacks and other acute cardiovascular 
events, a �nding that supports the experiences shared by the 
participants [20].

 �e participants also noted that while lifestyle changes, 
including dietary modi�cations and exercise, are bene�cial for 
managing early-stage CAD, they are o�en insu�cient for 
advanced cases, which require medical interventions such as 
angioplasty. �is observation is consistent with clinical 
guidelines for CAD, which advocates a combination of lifestyle 
modi�cation and pharmacological treatment, particularly for 
high-risk individuals. Studies by Figtree et al. (2023) 
highlighted the importance of medications such as statins, 
beta-blockers, and ACE inhibitors in reducing the risk of 
recurrent coronary events by controlling blood pressure, 
lowering cholesterol levels, and reducing in�ammation [21]. 
�e participants further emphasized the importance of 
optimizing medical management before surgical interventions, 

which is supported by Hussain et al. (2023), who emphasized 
the need for perioperative care tailored to CAD patients in 
polluted environments [22]. Proper medical management, they 
noted, not only improves surgical outcomes but also reduces the 
risk of post-operative complications, which tend to be higher in 
patients exposed to long-term pollution.

 Another critical �nding was that pollution signi�cantly 
hinders recovery a�er surgical interventions like angioplasty. 
�e participants observed that patients exposed to high levels of 
air pollution experienced slower healing and more frequent 
post-operative complications. �ese �ndings are consistent with 
the research of Motairek et al. (2023), who found that patients 
living in polluted environments exhibited longer recovery times 
following coronary interventions, largely due to the prolonged 
systemic in�ammation caused by chronic exposure to 
pollutants [23]. �is prolonged in�ammatory response impairs 
the body’s natural healing processes, increasing the risk of 
restenosis and necessitating closer post-operative monitoring. 
Zare et al (2016) also emphasized the importance of continuous 
follow-up and treatment adjustments for patients recovering 
from angioplasty in highly polluted areas, a point echoed by the 
participants in this study [24].

 A signi�cant concern highlighted by both participants was 
the lack of awareness among individuals regarding the link 
between air pollution and cardiovascular health. �is lack of 
understanding delays diagnosis and intervention, leading to 
worse outcomes for CAD patients. Public health education 
campaigns aimed at raising awareness of the cardiovascular 
risks posed by air pollution are crucial. �is observation is 
supported by Connor et al. (2020), who found that increased 
patient education on environmental risk factors improved 
cardiovascular disease management [25]. �eir study 

concluded that patients who understood the link between air 
pollution and heart disease were more likely to adhere to 
prescribed treatments and adopt protective behaviors, such as 
reducing outdoor activities during high-pollution periods and 
using air puri�ers at home.

 �e participants also observed a notable increase in CAD  
cases during the winter months, which they attributed to the 
combined e�ects of colder temperatures and elevated pollution 
levels [26]. Testa et al. (2022) con�rmed that both cold weather 
and increased pollution act as triggers for acute coronary 
events. Cold temperatures induce vasoconstriction, which 
raises blood pressure and exacerbates the in�ammatory e�ects 
of pollution, increasing the risk of heart attacks [27]. �is 
seasonal variation underscores the importance of continuous 
monitoring and preventive strategies during periods of high 
pollution, particularly in urban areas that experience signi�cant 
seasonal pollution spikes [28].

 While stents are e�ective in managing CAD, the participants 
emphasized that their long-term success is o�en compromised 
in patients exposed to high levels of pollution. �is observation 
aligns with �ndings by Misumida et al. (2016), who 
demonstrated that pollution increases the likelihood of 
restenosis, necessitating more frequent follow-up visits and 
adjustments to medical management [29]. Long-term follow-up 
is especially critical in polluted environments, as patients are at 
greater risk of post-surgical complications, even a�er successful 
interventions. �e participants recommended reducing 
exposure to pollution and closely monitoring stents to prevent 
restenosis and improve patient outcomes [30].

 �e emphasis placed by the participants on integrating 
discussions of air quality into patient consultations and 
promoting environmental controls, such as avoiding outdoor 
activities during peak pollution hours, is aligned with 
numerous public health recommendations. Rajagopalan et al. 
(2024) demonstrated that policies aimed at reducing vehicular 
emissions and increasing urban green spaces signi�cantly 
reduced the incidence of cardiovascular disease in polluted 
cities. �ese public health interventions, combined with 
individual protective measures, can help alleviate the burden of 
CAD in heavily polluted environments like Delhi [31].

Conclusions
�is study demonstrated a clear link between air pollution and 
the progression of Coronary Artery Disease (CAD) in Delhi, 
with long-term exposure to pollutants accelerating CAD 
through systemic in�ammation and oxidative stress. 
Participants reported an increase in acute coronary events 
during periods of high pollution, particularly in winter. 
Additionally, recovery from procedures like angioplasty was 
slower in polluted environments, primarily due to chronic 
in�ammation and prolonged exposure to environmental 
stressors. A key �nding was the signi�cant lack of awareness 
among individuals regarding the cardiovascular risks posed by 
air pollution and stress.

 Given the clear evidence of the detrimental e�ects of air 
pollution on CAD, immediate action is required from 
policymakers, healthcare providers, and public health experts. 
Policymakers should enforce stricter emission controls and 
promote green infrastructure to improve air quality. Healthcare 
providers must incorporate environmental risk assessments 

into regular consultations, providing tailored advice for at-risk 
individuals, such as using air quality monitors and avoiding 
outdoor activities during high pollution periods. Public health 
campaigns should prioritize educating the population on the 
cardiovascular risks of both pollution and stress, encouraging 
protective behaviors and early intervention strategies.

 Tackling the rising burden of CAD in polluted urban 
environments requires urgent collaboration between healthcare 
systems and environmental policymakers. Ensuring cleaner air 
and integrating environmental health into routine patient care 
are essential steps toward reducing the health risks for at-risk 
populations. Without decisive action, the harmful e�ects of air 
pollution and environmental stress will continue to exacerbate 
cardiovascular disease, placing millions at increased risk.
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�e data collection process involved two key approaches: 
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diagnosis and treatment, and the impact of environmental 
stressors on patient outcomes [13]. �e open-ended nature of 
these interviews allowed the healthcare professionals to provide 
nuanced insights into the interaction between air quality and 
cardiovascular disease management.

 �e questionnaires were designed to gather structured data, 
particularly regarding clinical protocols and management 
strategies. �e questions addressed key aspects of CAD 
management, such as the use of diagnostic tools like 
angiography and echocardiography, as well as the 
pharmacological treatments commonly prescribed. �e 
combination of interviews and questionnaires allowed for the 
collection of both qualitative insights and quantitative data, 
providing a comprehensive understanding of the clinical 
challenges posed by air pollution in CAD management [14].

Data analysis
Data analysis was conducted using thematic analysis, a method 
that allows for the identi�cation and interpretation of patterns 
within qualitative data. �e interviews were transcribed 
verbatim, and the transcriptions were reviewed thoroughly to 
ensure that the content was fully understood. �e analysis 
began with open coding, where segments of the text were 
labeled with speci�c codes representing key concepts, such as 
impact of air pollution on CAD and clinical challenges in 
polluted environments [15].

Once the initial coding was completed, the codes were grouped 
into broader categories to identify common themes across the 
data. �ese categories were re�ned through review and 
discussion within the research team, ensuring consistency in 
how the data were interpreted. Questionnaire data were also 
analyzed, with responses coded and compared to the qualitative 
data from the interviews. �is process allowed for the 
integration of quantitative �ndings with qualitative insights, 
ensuring that the analysis captured both the depth and breadth 
of the healthcare professionals' experiences (Figure 2) [16]. 

What are the long-
term outcomes for 
CAD patients in 
polluted areas?

Long-Term 
Prognosis in 
Polluted Areas

Participant 1: Patients from polluted areas 
tend to have worse outcomes, with faster 
disease progression and frequent 
hospitalizations. 
Participant 2: Long-term outcomes are 
poorer, even a�er intervention, as pollution 
complicates recovery and increases 
recurrence rates.

Pollution negatively impacts 
both disease progression and 
post-surgical recovery, stressing 
the need for continuous 
monitoring and preventive 
measures.

Can public health 
initiatives help 
reduce CAD rates?

Public Health 
Initiatives

Participant 1: Yes, if public health initiatives 
focus on reducing air pollution and raising 
awareness, we could lower CAD rates. 
Participant 2: Clean air policies are crucial, 
but they must be paired with education to 
ensure patients understand the risks and take 
precautions.

Public health measures, 
particularly those focused on air 
quality, could have a signi�cant 
impact on CAD incidence, 
especially with increased 
awareness.

How do you 
incorporate air 
quality discussions 
into patient 
consultations?

Discussing Air 
Quality as a Risk 
Factor

Participant 1: I talk about air quality with 
every high-risk patient, especially those who 
live in heavily polluted areas. 
Participant 2: It’s part of my regular 
consultations, especially for follow-ups, 
where we focus on environmental triggers 
like pollution.

Both integrate air quality 
discussions into their patient 
consultations, stressing the 
importance of environmental 
risk factors in ongoing CAD 
management.

Have you seen an 
increase in 
angioplasty 
procedures due to 
pollution?

Frequency of 
Angioplasty in 
Polluted Areas

Participant 1: Many patients from polluted 
areas are referred for angioplasty, o�en 
presenting with severe blockages requiring 
immediate intervention.
Participant 2: Yes, I’ve noticed more frequent 
angioplasties, especially in younger patients 
who develop CAD earlier due to pollution. 

Both participants highlight the 
link between pollution and the 
need for more frequent surgical 
interventions like angioplasty, 
especially in high-risk patients.

Are there challenges 
in recovery a�er 
angioplasty in 
polluted areas?

Post-Angioplasty 
Recovery 
Challenges

Participant 1: We see prolonged recovery 
times and more frequent complications, 
especially when pollution levels are high 
during recovery.
Participant 2: Recovery is o�en slower in 
patients from polluted areas, with more 
complications post-surgery, including 
recurrent symptoms.

Both observe that pollution 
hinders recovery a�er 
angioplasty, with patients 
experiencing slower healing and 
more post-surgical complications.

Do you recommend 
any speci�c measures 
before surgery for 
CAD patients?

Pre-Surgery 
Preventative 
Measures

Participant 1: Pre-surgery, I advise patients to 
avoid heavy pollution exposure and focus on 
stabilizing their symptoms with medications.
Participant 2: Yes, I recommend minimizing 
exposure to outdoor pollution and 
optimizing medication before surgery to 
improve outcomes.

Both emphasize the importance 
of reducing pollution exposure 
and optimizing medical 
management before surgery to 
enhance surgical outcomes.

Do stents help 
manage CAD in 
polluted areas?

Role of Stents in 
Pollution 
Management

Participant 1: Stents do help, but patients need 
ongoing monitoring, especially in polluted 
areas, to avoid recurrence of symptoms.
Participant 2: Stents are e�ective in managing 
blockages, but pollution can lead to restenosis, 
so we have to monitor closely.

Stents are useful but require 
close follow-up, as pollution 
can increase the likelihood of 
restenosis and necessitate 
further interventions.
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Coronary Artery Disease (CAD) is a major global public health 
concern, with urban environments posing unique challenges 
due to environmental and lifestyle factors. In densely populated 
cities like Delhi, air pollution plays a signi�cant role in the 
progression of cardiovascular diseases, including CAD [1]. 
Pollutants such as particulate matter (PM2.5 and PM10) and 
nitrogen oxides (NOx), originating from vehicular emissions, 
industrial activities, and construction, are prevalent in Delhi. 
�ese pollutants enter the respiratory system and bloodstream, 
leading to systemic in�ammation, oxidative stress, and 
endothelial dysfunction, all of which contribute to the 
development and worsening of CAD [2].

 While the physical e�ects of air pollution are 
well-established, the psychological stress caused by living in 
polluted and congested urban areas also worsens cardiovascular 
risk. Chronic stress, common in urban settings, leads to elevated 
blood pressure, increased in�ammation, and other 
physiological responses that exacerbate CAD. �e combined 
impact of environmental pollution and psychological stress 
presents signi�cant challenges for healthcare providers 
managing CAD in cities like Delhi [3].

understanding of how environmental and psychological 
stressors interact in CAD management. By addressing these 
gaps, this research aims to provide a more nuanced 
understanding of the challenges healthcare providers face in 
managing CAD in one of the world’s most polluted cities [6].

 �is research has signi�cant implications for both clinical 
practice and public health policy. For healthcare providers, 
understanding the impact of environmental factors like air 
pollution on CAD patients is essential for developing 
comprehensive treatment plans [7]. Integrating knowledge of 
pollution’s e�ects into patient care could lead to targeted 
interventions, including early diagnostic screenings, 
personalized treatment protocols, and patient education on 
minimizing exposure to pollutants. �is approach could 
improve outcomes, particularly for high-risk individuals with 
pre-existing cardiovascular conditions [8].

 From a policy perspective, this research underscores the 
urgent need for stronger air quality regulations and urban 
planning initiatives aimed at reducing environmental health 
risks. Stricter emissions standards, cleaner energy alternatives, 
and the expansion of green spaces are critical to lowering 
pollution levels in cities like Delhi. Public health campaigns 
highlighting the link between air pollution and cardiovascular 
disease can also encourage preventive behaviours, such as 

reducing outdoor activities during peak pollution periods or 
using protective measures like air puri�ers [9].
�e following research questions guide this study:

1. How do cardiologists and interventional cardiologists in 
Delhi perceive the impact of air pollution on the 
progression and management of CAD?

2. What speci�c challenges do healthcare professionals face 
when diagnosing and treating CAD in high-pollution urban 
environments?

3. What strategies do healthcare providers recommend for 
mitigating the combined e�ects of air pollution and stress in 
CAD patients?

 �e objective of this study is to explore the qualitative 
experiences of healthcare professionals in Delhi, focusing on 
how air pollution in�uences CAD management. �rough 
interviews with cardiologists and interventional cardiologists, 
the study will gather insights into the challenges these 
professionals face and the strategies they recommend for 
mitigating the e�ects of both pollution and stress on 
cardiovascular health. �e �ndings will contribute to the 
existing body of knowledge on how environmental factors a�ect 
chronic diseases and provide valuable guidance for clinical 
practices and public health policies aimed at improving 
cardiovascular health in polluted urban centers (Figure 1) [10].

 Despite extensive quantitative research linking air 
pollution to CAD, the perspectives and experiences of 
healthcare professionals working in polluted environments 
remain underexplored. Existing studies predominantly focus 
on pollution levels, clinical outcomes, and hospital 
admissions, o�ering robust quantitative data. However, there 
is a lack of qualitative research examining how healthcare 
providers such as cardiologists and interventional 
cardiologists perceive and manage the impact of air pollution 
on CAD [4]. �is gap in the literature is critical because 
healthcare professionals engaged in diagnosing and treating 
CAD patients in highly polluted areas can provide valuable 
insights into the challenges posed by environmental factors.

 �is study seeks to address this gap by collecting 
qualitative data from healthcare providers in Delhi, including 
cardiologists and interventional cardiologists. �e aim is to 
understand how these professionals perceive air pollution’s 
contribution to CAD, the challenges they encounter in 
treating patients, and the strategies they employ to mitigate 
the combined e�ects of pollution and stress [5]. �e lack of 
region-speci�c qualitative data limits the current 

Methodology
�is study employed a qualitative research design to explore the 
perspectives of healthcare professionals, speci�cally 
cardiologists and interventional cardiologists, on the impact of 
air pollution on CAD management in Delhi. Semi-structured 
interviews and questionnaires were utilized as the primary 
methods of data collection. Semi-structured interviews provided 
�exibility, allowing the interviewer to explore key topics while 
enabling the healthcare professionals to elaborate on their 
experiences. �is approach ensured that the data collected 
captured both prede�ned areas of inquiry and emergent themes 
from the professionals' detailed re�ections on their practice [11].

 �e use of questionnaires helped to standardize speci�c 
responses, ensuring that certain aspects of CAD 
management under pollution conditions were uniformly 
addressed. �e mixed-method approach of interviews and 
questionnaires allowed for a comprehensive understanding 
of the challenges faced by these professionals in managing 
CAD patients, particularly in the context of a high-pollution 
urban environment like Delhi. Interviews were conducted 
either in person or via online platforms, depending on the 
availability of the healthcare professionals, ensuring 
�exibility and access across diverse clinical settings (Table 1) 
[12].

Ethical considerations
Ethical approval for the study was granted by the institutional 
ethics review board of the lead hospital. All healthcare 
professionals were provided with detailed information about 
the study's aims and procedures before participation. Written 
informed consent was obtained from all participants, ensuring 
that they fully understood their rights, including the option to 
withdraw from the study at any time without penalty [17]. To 
ensure con�dentiality, all identifying information was 
anonymized. Participants were assured that the �ndings would 
be reported in aggregate form, with no individual healthcare 
professional being identi�able in the �nal publication. �ese 
ethical protocols ensured that the study was conducted in 

accordance with the highest standards of data protection and 
participant con�dentiality, fostering an environment in which 
healthcare professionals could openly share their clinical 
insights and experiences [18].
Results 
We describe herein the key �ndings and themes based on the 
qualitative interviews on the impact of air pollution on CAD 
management. �is involved collecting qualitative data through 
interviews and questionnaires before conducting content 
analysis to identify and interpret themes. Table 2 summarizes 
the questions asked, the themes identi�ed, the responses from 
participants, and the key �ndings and themes derived from the 
content analysis.

Discussion
�e �ndings from this study emphasize the severe impact of air 
pollution on the progression and management of Coronary 
Artery Disease (CAD) in highly polluted environments like 
Delhi. Both participants observed that air pollution accelerates 
CAD progression by causing systemic in�ammation, oxidative 
stress, and endothelial dysfunction. �ese physiological e�ects 
lead to faster plaque buildup in the arteries, which increases the 
frequency of acute coronary events, especially during 
high-pollution periods such as winter. �ese observations align 
with existing research, such as Liao et al. (2021), who 
demonstrated that exposure to PM2.5 signi�cantly increases the 
risk of myocardial infarction by exacerbating atherosclerosis 
[19]. Similarly, Huang et al. (2021) reported that short-term 
exposure to elevated pollution levels can signi�cantly heighten 
the incidence of heart attacks and other acute cardiovascular 
events, a �nding that supports the experiences shared by the 
participants [20].

 �e participants also noted that while lifestyle changes, 
including dietary modi�cations and exercise, are bene�cial for 
managing early-stage CAD, they are o�en insu�cient for 
advanced cases, which require medical interventions such as 
angioplasty. �is observation is consistent with clinical 
guidelines for CAD, which advocates a combination of lifestyle 
modi�cation and pharmacological treatment, particularly for 
high-risk individuals. Studies by Figtree et al. (2023) 
highlighted the importance of medications such as statins, 
beta-blockers, and ACE inhibitors in reducing the risk of 
recurrent coronary events by controlling blood pressure, 
lowering cholesterol levels, and reducing in�ammation [21]. 
�e participants further emphasized the importance of 
optimizing medical management before surgical interventions, 

which is supported by Hussain et al. (2023), who emphasized 
the need for perioperative care tailored to CAD patients in 
polluted environments [22]. Proper medical management, they 
noted, not only improves surgical outcomes but also reduces the 
risk of post-operative complications, which tend to be higher in 
patients exposed to long-term pollution.

 Another critical �nding was that pollution signi�cantly 
hinders recovery a�er surgical interventions like angioplasty. 
�e participants observed that patients exposed to high levels of 
air pollution experienced slower healing and more frequent 
post-operative complications. �ese �ndings are consistent with 
the research of Motairek et al. (2023), who found that patients 
living in polluted environments exhibited longer recovery times 
following coronary interventions, largely due to the prolonged 
systemic in�ammation caused by chronic exposure to 
pollutants [23]. �is prolonged in�ammatory response impairs 
the body’s natural healing processes, increasing the risk of 
restenosis and necessitating closer post-operative monitoring. 
Zare et al (2016) also emphasized the importance of continuous 
follow-up and treatment adjustments for patients recovering 
from angioplasty in highly polluted areas, a point echoed by the 
participants in this study [24].

 A signi�cant concern highlighted by both participants was 
the lack of awareness among individuals regarding the link 
between air pollution and cardiovascular health. �is lack of 
understanding delays diagnosis and intervention, leading to 
worse outcomes for CAD patients. Public health education 
campaigns aimed at raising awareness of the cardiovascular 
risks posed by air pollution are crucial. �is observation is 
supported by Connor et al. (2020), who found that increased 
patient education on environmental risk factors improved 
cardiovascular disease management [25]. �eir study 

concluded that patients who understood the link between air 
pollution and heart disease were more likely to adhere to 
prescribed treatments and adopt protective behaviors, such as 
reducing outdoor activities during high-pollution periods and 
using air puri�ers at home.

 �e participants also observed a notable increase in CAD  
cases during the winter months, which they attributed to the 
combined e�ects of colder temperatures and elevated pollution 
levels [26]. Testa et al. (2022) con�rmed that both cold weather 
and increased pollution act as triggers for acute coronary 
events. Cold temperatures induce vasoconstriction, which 
raises blood pressure and exacerbates the in�ammatory e�ects 
of pollution, increasing the risk of heart attacks [27]. �is 
seasonal variation underscores the importance of continuous 
monitoring and preventive strategies during periods of high 
pollution, particularly in urban areas that experience signi�cant 
seasonal pollution spikes [28].

 While stents are e�ective in managing CAD, the participants 
emphasized that their long-term success is o�en compromised 
in patients exposed to high levels of pollution. �is observation 
aligns with �ndings by Misumida et al. (2016), who 
demonstrated that pollution increases the likelihood of 
restenosis, necessitating more frequent follow-up visits and 
adjustments to medical management [29]. Long-term follow-up 
is especially critical in polluted environments, as patients are at 
greater risk of post-surgical complications, even a�er successful 
interventions. �e participants recommended reducing 
exposure to pollution and closely monitoring stents to prevent 
restenosis and improve patient outcomes [30].

 �e emphasis placed by the participants on integrating 
discussions of air quality into patient consultations and 
promoting environmental controls, such as avoiding outdoor 
activities during peak pollution hours, is aligned with 
numerous public health recommendations. Rajagopalan et al. 
(2024) demonstrated that policies aimed at reducing vehicular 
emissions and increasing urban green spaces signi�cantly 
reduced the incidence of cardiovascular disease in polluted 
cities. �ese public health interventions, combined with 
individual protective measures, can help alleviate the burden of 
CAD in heavily polluted environments like Delhi [31].

Conclusions
�is study demonstrated a clear link between air pollution and 
the progression of Coronary Artery Disease (CAD) in Delhi, 
with long-term exposure to pollutants accelerating CAD 
through systemic in�ammation and oxidative stress. 
Participants reported an increase in acute coronary events 
during periods of high pollution, particularly in winter. 
Additionally, recovery from procedures like angioplasty was 
slower in polluted environments, primarily due to chronic 
in�ammation and prolonged exposure to environmental 
stressors. A key �nding was the signi�cant lack of awareness 
among individuals regarding the cardiovascular risks posed by 
air pollution and stress.

 Given the clear evidence of the detrimental e�ects of air 
pollution on CAD, immediate action is required from 
policymakers, healthcare providers, and public health experts. 
Policymakers should enforce stricter emission controls and 
promote green infrastructure to improve air quality. Healthcare 
providers must incorporate environmental risk assessments 

into regular consultations, providing tailored advice for at-risk 
individuals, such as using air quality monitors and avoiding 
outdoor activities during high pollution periods. Public health 
campaigns should prioritize educating the population on the 
cardiovascular risks of both pollution and stress, encouraging 
protective behaviors and early intervention strategies.

 Tackling the rising burden of CAD in polluted urban 
environments requires urgent collaboration between healthcare 
systems and environmental policymakers. Ensuring cleaner air 
and integrating environmental health into routine patient care 
are essential steps toward reducing the health risks for at-risk 
populations. Without decisive action, the harmful e�ects of air 
pollution and environmental stress will continue to exacerbate 
cardiovascular disease, placing millions at increased risk.
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Coronary Artery Disease (CAD) is a major global public health 
concern, with urban environments posing unique challenges 
due to environmental and lifestyle factors. In densely populated 
cities like Delhi, air pollution plays a signi�cant role in the 
progression of cardiovascular diseases, including CAD [1]. 
Pollutants such as particulate matter (PM2.5 and PM10) and 
nitrogen oxides (NOx), originating from vehicular emissions, 
industrial activities, and construction, are prevalent in Delhi. 
�ese pollutants enter the respiratory system and bloodstream, 
leading to systemic in�ammation, oxidative stress, and 
endothelial dysfunction, all of which contribute to the 
development and worsening of CAD [2].

 While the physical e�ects of air pollution are 
well-established, the psychological stress caused by living in 
polluted and congested urban areas also worsens cardiovascular 
risk. Chronic stress, common in urban settings, leads to elevated 
blood pressure, increased in�ammation, and other 
physiological responses that exacerbate CAD. �e combined 
impact of environmental pollution and psychological stress 
presents signi�cant challenges for healthcare providers 
managing CAD in cities like Delhi [3].

understanding of how environmental and psychological 
stressors interact in CAD management. By addressing these 
gaps, this research aims to provide a more nuanced 
understanding of the challenges healthcare providers face in 
managing CAD in one of the world’s most polluted cities [6].

 �is research has signi�cant implications for both clinical 
practice and public health policy. For healthcare providers, 
understanding the impact of environmental factors like air 
pollution on CAD patients is essential for developing 
comprehensive treatment plans [7]. Integrating knowledge of 
pollution’s e�ects into patient care could lead to targeted 
interventions, including early diagnostic screenings, 
personalized treatment protocols, and patient education on 
minimizing exposure to pollutants. �is approach could 
improve outcomes, particularly for high-risk individuals with 
pre-existing cardiovascular conditions [8].

 From a policy perspective, this research underscores the 
urgent need for stronger air quality regulations and urban 
planning initiatives aimed at reducing environmental health 
risks. Stricter emissions standards, cleaner energy alternatives, 
and the expansion of green spaces are critical to lowering 
pollution levels in cities like Delhi. Public health campaigns 
highlighting the link between air pollution and cardiovascular 
disease can also encourage preventive behaviours, such as 

reducing outdoor activities during peak pollution periods or 
using protective measures like air puri�ers [9].
�e following research questions guide this study:

1. How do cardiologists and interventional cardiologists in 
Delhi perceive the impact of air pollution on the 
progression and management of CAD?

2. What speci�c challenges do healthcare professionals face 
when diagnosing and treating CAD in high-pollution urban 
environments?

3. What strategies do healthcare providers recommend for 
mitigating the combined e�ects of air pollution and stress in 
CAD patients?

 �e objective of this study is to explore the qualitative 
experiences of healthcare professionals in Delhi, focusing on 
how air pollution in�uences CAD management. �rough 
interviews with cardiologists and interventional cardiologists, 
the study will gather insights into the challenges these 
professionals face and the strategies they recommend for 
mitigating the e�ects of both pollution and stress on 
cardiovascular health. �e �ndings will contribute to the 
existing body of knowledge on how environmental factors a�ect 
chronic diseases and provide valuable guidance for clinical 
practices and public health policies aimed at improving 
cardiovascular health in polluted urban centers (Figure 1) [10].

 Despite extensive quantitative research linking air 
pollution to CAD, the perspectives and experiences of 
healthcare professionals working in polluted environments 
remain underexplored. Existing studies predominantly focus 
on pollution levels, clinical outcomes, and hospital 
admissions, o�ering robust quantitative data. However, there 
is a lack of qualitative research examining how healthcare 
providers such as cardiologists and interventional 
cardiologists perceive and manage the impact of air pollution 
on CAD [4]. �is gap in the literature is critical because 
healthcare professionals engaged in diagnosing and treating 
CAD patients in highly polluted areas can provide valuable 
insights into the challenges posed by environmental factors.

 �is study seeks to address this gap by collecting 
qualitative data from healthcare providers in Delhi, including 
cardiologists and interventional cardiologists. �e aim is to 
understand how these professionals perceive air pollution’s 
contribution to CAD, the challenges they encounter in 
treating patients, and the strategies they employ to mitigate 
the combined e�ects of pollution and stress [5]. �e lack of 
region-speci�c qualitative data limits the current 

Methodology
�is study employed a qualitative research design to explore the 
perspectives of healthcare professionals, speci�cally 
cardiologists and interventional cardiologists, on the impact of 
air pollution on CAD management in Delhi. Semi-structured 
interviews and questionnaires were utilized as the primary 
methods of data collection. Semi-structured interviews provided 
�exibility, allowing the interviewer to explore key topics while 
enabling the healthcare professionals to elaborate on their 
experiences. �is approach ensured that the data collected 
captured both prede�ned areas of inquiry and emergent themes 
from the professionals' detailed re�ections on their practice [11].

 �e use of questionnaires helped to standardize speci�c 
responses, ensuring that certain aspects of CAD 
management under pollution conditions were uniformly 
addressed. �e mixed-method approach of interviews and 
questionnaires allowed for a comprehensive understanding 
of the challenges faced by these professionals in managing 
CAD patients, particularly in the context of a high-pollution 
urban environment like Delhi. Interviews were conducted 
either in person or via online platforms, depending on the 
availability of the healthcare professionals, ensuring 
�exibility and access across diverse clinical settings (Table 1) 
[12].

Ethical considerations
Ethical approval for the study was granted by the institutional 
ethics review board of the lead hospital. All healthcare 
professionals were provided with detailed information about 
the study's aims and procedures before participation. Written 
informed consent was obtained from all participants, ensuring 
that they fully understood their rights, including the option to 
withdraw from the study at any time without penalty [17]. To 
ensure con�dentiality, all identifying information was 
anonymized. Participants were assured that the �ndings would 
be reported in aggregate form, with no individual healthcare 
professional being identi�able in the �nal publication. �ese 
ethical protocols ensured that the study was conducted in 

accordance with the highest standards of data protection and 
participant con�dentiality, fostering an environment in which 
healthcare professionals could openly share their clinical 
insights and experiences [18].
Results 
We describe herein the key �ndings and themes based on the 
qualitative interviews on the impact of air pollution on CAD 
management. �is involved collecting qualitative data through 
interviews and questionnaires before conducting content 
analysis to identify and interpret themes. Table 2 summarizes 
the questions asked, the themes identi�ed, the responses from 
participants, and the key �ndings and themes derived from the 
content analysis.

Discussion
�e �ndings from this study emphasize the severe impact of air 
pollution on the progression and management of Coronary 
Artery Disease (CAD) in highly polluted environments like 
Delhi. Both participants observed that air pollution accelerates 
CAD progression by causing systemic in�ammation, oxidative 
stress, and endothelial dysfunction. �ese physiological e�ects 
lead to faster plaque buildup in the arteries, which increases the 
frequency of acute coronary events, especially during 
high-pollution periods such as winter. �ese observations align 
with existing research, such as Liao et al. (2021), who 
demonstrated that exposure to PM2.5 signi�cantly increases the 
risk of myocardial infarction by exacerbating atherosclerosis 
[19]. Similarly, Huang et al. (2021) reported that short-term 
exposure to elevated pollution levels can signi�cantly heighten 
the incidence of heart attacks and other acute cardiovascular 
events, a �nding that supports the experiences shared by the 
participants [20].

 �e participants also noted that while lifestyle changes, 
including dietary modi�cations and exercise, are bene�cial for 
managing early-stage CAD, they are o�en insu�cient for 
advanced cases, which require medical interventions such as 
angioplasty. �is observation is consistent with clinical 
guidelines for CAD, which advocates a combination of lifestyle 
modi�cation and pharmacological treatment, particularly for 
high-risk individuals. Studies by Figtree et al. (2023) 
highlighted the importance of medications such as statins, 
beta-blockers, and ACE inhibitors in reducing the risk of 
recurrent coronary events by controlling blood pressure, 
lowering cholesterol levels, and reducing in�ammation [21]. 
�e participants further emphasized the importance of 
optimizing medical management before surgical interventions, 

which is supported by Hussain et al. (2023), who emphasized 
the need for perioperative care tailored to CAD patients in 
polluted environments [22]. Proper medical management, they 
noted, not only improves surgical outcomes but also reduces the 
risk of post-operative complications, which tend to be higher in 
patients exposed to long-term pollution.

 Another critical �nding was that pollution signi�cantly 
hinders recovery a�er surgical interventions like angioplasty. 
�e participants observed that patients exposed to high levels of 
air pollution experienced slower healing and more frequent 
post-operative complications. �ese �ndings are consistent with 
the research of Motairek et al. (2023), who found that patients 
living in polluted environments exhibited longer recovery times 
following coronary interventions, largely due to the prolonged 
systemic in�ammation caused by chronic exposure to 
pollutants [23]. �is prolonged in�ammatory response impairs 
the body’s natural healing processes, increasing the risk of 
restenosis and necessitating closer post-operative monitoring. 
Zare et al (2016) also emphasized the importance of continuous 
follow-up and treatment adjustments for patients recovering 
from angioplasty in highly polluted areas, a point echoed by the 
participants in this study [24].

 A signi�cant concern highlighted by both participants was 
the lack of awareness among individuals regarding the link 
between air pollution and cardiovascular health. �is lack of 
understanding delays diagnosis and intervention, leading to 
worse outcomes for CAD patients. Public health education 
campaigns aimed at raising awareness of the cardiovascular 
risks posed by air pollution are crucial. �is observation is 
supported by Connor et al. (2020), who found that increased 
patient education on environmental risk factors improved 
cardiovascular disease management [25]. �eir study 

concluded that patients who understood the link between air 
pollution and heart disease were more likely to adhere to 
prescribed treatments and adopt protective behaviors, such as 
reducing outdoor activities during high-pollution periods and 
using air puri�ers at home.

 �e participants also observed a notable increase in CAD  
cases during the winter months, which they attributed to the 
combined e�ects of colder temperatures and elevated pollution 
levels [26]. Testa et al. (2022) con�rmed that both cold weather 
and increased pollution act as triggers for acute coronary 
events. Cold temperatures induce vasoconstriction, which 
raises blood pressure and exacerbates the in�ammatory e�ects 
of pollution, increasing the risk of heart attacks [27]. �is 
seasonal variation underscores the importance of continuous 
monitoring and preventive strategies during periods of high 
pollution, particularly in urban areas that experience signi�cant 
seasonal pollution spikes [28].

 While stents are e�ective in managing CAD, the participants 
emphasized that their long-term success is o�en compromised 
in patients exposed to high levels of pollution. �is observation 
aligns with �ndings by Misumida et al. (2016), who 
demonstrated that pollution increases the likelihood of 
restenosis, necessitating more frequent follow-up visits and 
adjustments to medical management [29]. Long-term follow-up 
is especially critical in polluted environments, as patients are at 
greater risk of post-surgical complications, even a�er successful 
interventions. �e participants recommended reducing 
exposure to pollution and closely monitoring stents to prevent 
restenosis and improve patient outcomes [30].

 �e emphasis placed by the participants on integrating 
discussions of air quality into patient consultations and 
promoting environmental controls, such as avoiding outdoor 
activities during peak pollution hours, is aligned with 
numerous public health recommendations. Rajagopalan et al. 
(2024) demonstrated that policies aimed at reducing vehicular 
emissions and increasing urban green spaces signi�cantly 
reduced the incidence of cardiovascular disease in polluted 
cities. �ese public health interventions, combined with 
individual protective measures, can help alleviate the burden of 
CAD in heavily polluted environments like Delhi [31].

Conclusions
�is study demonstrated a clear link between air pollution and 
the progression of Coronary Artery Disease (CAD) in Delhi, 
with long-term exposure to pollutants accelerating CAD 
through systemic in�ammation and oxidative stress. 
Participants reported an increase in acute coronary events 
during periods of high pollution, particularly in winter. 
Additionally, recovery from procedures like angioplasty was 
slower in polluted environments, primarily due to chronic 
in�ammation and prolonged exposure to environmental 
stressors. A key �nding was the signi�cant lack of awareness 
among individuals regarding the cardiovascular risks posed by 
air pollution and stress.

 Given the clear evidence of the detrimental e�ects of air 
pollution on CAD, immediate action is required from 
policymakers, healthcare providers, and public health experts. 
Policymakers should enforce stricter emission controls and 
promote green infrastructure to improve air quality. Healthcare 
providers must incorporate environmental risk assessments 

into regular consultations, providing tailored advice for at-risk 
individuals, such as using air quality monitors and avoiding 
outdoor activities during high pollution periods. Public health 
campaigns should prioritize educating the population on the 
cardiovascular risks of both pollution and stress, encouraging 
protective behaviors and early intervention strategies.

 Tackling the rising burden of CAD in polluted urban 
environments requires urgent collaboration between healthcare 
systems and environmental policymakers. Ensuring cleaner air 
and integrating environmental health into routine patient care 
are essential steps toward reducing the health risks for at-risk 
populations. Without decisive action, the harmful e�ects of air 
pollution and environmental stress will continue to exacerbate 
cardiovascular disease, placing millions at increased risk.

Disclosure Statement
No potential con�ict of interest was reported by the authors.

References
1. Kovacic JC, Castellano JM, Fuster V. Cardiovascular defense 

challenges at the basic, clinical, and population levels. Ann NY 
Acad Sci. 2012;1254(1):1-6.                        . 
https://doi.org/10.1111/j.1749-6632.2012.06495.x 

2. Meo SA, Suraya F. E�ect of environmental air pollution on 
cardiovascular diseases. Eur Rev Med Pharmacol Sci. 2015;19(24): 
4890-4897.

3. Tanwar V, Katapadi A, Adelstein JM, Grimmer JA, Wold LE. 
Cardiac pathophysiology in response to environmental stress: a 
current review. Curr Opin Physiol. 2018;1:198-205.             .  
https://doi.org/10.1016/j.cophys.2017.11.005 

4. Hadley MB, Baumgartner J, Vedanthan R. Developing a clinical 
approach to air pollution and cardiovascular health. Circulation. 
2018;137(7):725-742.              . 
https://doi.org/10.1161/CIRCULATIONAHA.117.030377 

5. Fathima FN, Agrawal T, Nidhin P, Xavier D. Situational analysis of 
practice patterns and challenges in cardiovascular disease 
management: A qualitative study. Int J Infect Dis. 2020;5(4): 
171-177. https://doi.org/10.4103/jncd.jncd_55_20 

6. Afoakwah C, Nghiem S, Scu�am P, Huynh Q, Marwick T, Byrnes 
J. Impacts of air pollution on health: evidence from longitudinal 
cohort data of patients with cardiovascular diseases. Eur J Health 
Econ. 2020;21:1025-1038.                                              .  
https://doi.org/10.1007/s10198-020-01198-5 

7. Kim JB, Prunicki M, Haddad F, Dant C, Sampath V, Patel R, et al. 
Cumulative lifetime burden of cardiovascular disease from early 
exposure to air pollution. J Am Heart Assoc. 2020;9(6):e014944. 
https://doi.org/10.1161/JAHA.119.014944 

8. Brauer CP, Davaakhuu N, Nuñez MC, Hadley M, Kass MD, Miller 
M, et al. Clean air, smart cities, healthy hearts: action on air 
pollution for cardiovascular health. Glob Heart. 2021;16(1):61. 
https://doi.org/10.5334%2Fgh.1073 

9. Laura DV, Chatterton T, Namdeo A, Shivanagendra SG, Goyal SA, 
Bell MA, et al. Air pollution in Delhi: A review of past and current 
policy approaches. Air Pollution XXVI. 2018;230:441. 

10.Ninan A, Acosta J, Kulesza T, Mattis P, Holly C. A systematic review 
of qualitative evidence on the perceptions, knowledge and beliefs of 
Asian Indians regarding Coronary Artery Disease and its 
prevention. JBI Evid Synth. 2011;9(48):1-4.                   .  
https://doi.org/10.11124/jbisrir-2011-453 

11.�akur JS, Vijayvergiya R, Jaswal N, Ginsburg A. Assessment and 
barriers to medication adherence for secondary prevention of 
cardiovascular disease among patients with coronary artery disease 
in Chandigarh, India. Int J Noncommun Dis. 2016;1(1):37-41. 
https://doi.org/10.4103/2468-8827.184863 

12.Mojalli M, Moonaghi HK, Khosravan S, Mohammadpure A. 
Dealing with coronary artery disease in early encountering: a 

qualitative study. Int Cardiovasc Res J. 2014;8(4):166.             .  
https://pubmed.ncbi.nlm.nih.gov/25614861 

13.Garavand A, Emami H, Rabiei R, Pishgahi M, Vahidi-Asl M. 
Designing the coronary artery disease registry with data 
management processes approach: a comparative systematic review 
in selected registries. Int Cardiovasc Res J. 2020;14(1):1-6. 

14.Kaufman JD, Spalt EW, Curl CL, Hajat A, Jones MR, Kim SY, et al. 
Advances in understanding air pollution and CVD. Glob Heart. 
2016;11(3):343-352. https://doi.org/10.1016/j.gheart.2016.07.004 

15.Vaismoradi M, Turunen H, Bondas T. Content analysis and 
thematic analysis: Implications for conducting a qualitative 
descriptive study. Nurs Health Sci. 2013;15(3):398-405.             .  
https://doi.org/10.1111/nhs.12048 

16.Östlund U, Kidd L, Wengström Y, Rowa-Dewar N. Combining 
qualitative and quantitative research within mixed method research 
designs: a methodological review. Int J Nurs Stud. 2011;48(3): 
369-383. https://doi.org/10.1016/j.ijnurstu.2010.10.005 

17.Wu Y, Howarth M, Zhou C, Hu M, Cong W. Reporting of ethical 
approval and informed consent in clinical research published in 
leading nursing journals: a retrospective observational study. BMC 
Med Ethics. 2019;20:1-10.                             .  
https://doi.org/10.1186/s12910-019-0431-5 

18.Flanagin A, Bauchner H, Fontanarosa PB. Patient and study 
participant rights to privacy in journal publication. JAMA. 
2020;323(21):2147-2150. https://doi.org/10.1001/jama.2020.3590 

19.Liao NS, Sidney S, Deosaransingh K, Van Den Eeden SK, Schwartz 
J, Alexee� SE. Particulate air pollution and risk of cardiovascular 
events among adults with a history of stroke or acute myocardial 
infarction. J Am Heart Assoc. 2021;10(10):e019758.             .  
https://doi.org/10.1161/JAHA.120.019758 

20.Huang CC, Chen YH, Hung CS, Lee JK, Hsu TP, Wu HW, et al. �e 
association between short-term exposure to ambient air pollution 
and patient-level home blood pressure among patients with chronic 
cardiovascular diseases in a web-based synchronous Telehealth care 
program: retrospective study. JMIR Public Health Surveill. 
2021;7(6):e26605. https://doi.org/10.2196/26605 

21.Figtree GA, Vernon ST, Harmer JA, Gray MP, Arnott C, Bachour E, 
et al. Clinical pathway for coronary atherosclerosis in patients 
without conventional modi�able risk factors: JACC 
State-of-the-Art Review. J Am Coll Cardiol. 2023;82(13):1343-1359. 
https://doi.org/10.1016/j.jacc.2023.06.045 

22.Hussain AK, Kakakhel MM, Ashraf MF, Shahab M, Ahmad F, 
Luqman F, et al. Innovative approaches to safe surgery: a narrative 

Data collection methods
�e data collection process involved two key approaches: 
semi-structured interviews and questionnaires. �e 
semi-structured interviews provided detailed qualitative data, 
focusing on the healthcare professionals' experiences in 
managing CAD in a high-pollution context. �e interviews 
were designed to explore key areas such as the role of air 
pollution in the progression of CAD, clinical challenges in 
diagnosis and treatment, and the impact of environmental 
stressors on patient outcomes [13]. �e open-ended nature of 
these interviews allowed the healthcare professionals to provide 
nuanced insights into the interaction between air quality and 
cardiovascular disease management.

 �e questionnaires were designed to gather structured data, 
particularly regarding clinical protocols and management 
strategies. �e questions addressed key aspects of CAD 
management, such as the use of diagnostic tools like 
angiography and echocardiography, as well as the 
pharmacological treatments commonly prescribed. �e 
combination of interviews and questionnaires allowed for the 
collection of both qualitative insights and quantitative data, 
providing a comprehensive understanding of the clinical 
challenges posed by air pollution in CAD management [14].

Data analysis
Data analysis was conducted using thematic analysis, a method 
that allows for the identi�cation and interpretation of patterns 
within qualitative data. �e interviews were transcribed 
verbatim, and the transcriptions were reviewed thoroughly to 
ensure that the content was fully understood. �e analysis 
began with open coding, where segments of the text were 
labeled with speci�c codes representing key concepts, such as 
impact of air pollution on CAD and clinical challenges in 
polluted environments [15].

Once the initial coding was completed, the codes were grouped 
into broader categories to identify common themes across the 
data. �ese categories were re�ned through review and 
discussion within the research team, ensuring consistency in 
how the data were interpreted. Questionnaire data were also 
analyzed, with responses coded and compared to the qualitative 
data from the interviews. �is process allowed for the 
integration of quantitative �ndings with qualitative insights, 
ensuring that the analysis captured both the depth and breadth 
of the healthcare professionals' experiences (Figure 2) [16]. 

synthesis of Best practices. Cureus. 2023;15(11).             .  
https://doi.org/10.7759%2Fcureus.49723 

23.Motairek I, Deo SV, Elgudin Y, McAllister DA, Brook RD, Chen Z, 
et al. Particulate matter air pollution and long-term outcomes in 
patients undergoing percutaneous coronary intervention. JACC: 
Advances. 2023;2(3):100285.                               .  
https://doi.org/10.1016/j.jacadv.2023.100285 

24.Zare L, Hassankhani H, Doostkami H, Brien FO, Aghdam AM. 
Illness perception, treatment adherence and coping in persons with 
coronary artery disease undergoing angioplasty. Open J Nurs. 
2016;6(7):549. http://dx.doi.org/10.4236/ojn.2016.67058 

25.O’Connor EA, Evans CV, Rushkin MC, Redmond N, Lin JS. 
Behavioral counseling to promote a healthy diet and physical 
activity for cardiovascular disease prevention in adults with 
cardiovascular risk factors: updated evidence report and systematic 
review for the US Preventive Services Task Force. JAMA. 2020; 
324(20):2076-2094. http://dx.doi.org/10.1001/jama.2020.17108 

26.Januszek R, Staszczak B, Siudak Z, Bartuś J, Plens K, Bartuś S, et al. 
�e relationship between increased air pollution expressed as PM10 
concentration and the frequency of percutaneous coronary 
interventions in patients with acute coronary syndromes-a seasonal 
di�erences. Environ Sci Pollut Res Int. 2020;27(17):21320-21330. 
http://dx.doi.org/10.1007/s11356-020-08339-6 

27.Testa A, Biondi-Zoccai G, Anticoli S, Pezzella FR, Mangiardi M, 
Marchegiani G, et al. Cluster analysis of weather and pollution 
features and its role in predicting acute cardiac or cerebrovascular 
events. Minerva Med. 2022;113(5):825-832.              . 
https://doi.org/10.23736/s0026-4806.22.08036-3 

28.Gulia S, Mittal A, Khare M. Quantitative evaluation of source 
interventions for urban air quality improvement-A case study of 
Delhi city. Atmos Pollut Res. 2018;9(3):577-583.             .  
https://doi.org/10.1016/j.apr.2017.12.003 

29.Misumida N, Aoi S, Saeed M, Ota T, Eda T, Umeda H, et al. �e role 
of angiographic follow-up a�er percutaneous coronary 
intervention. Int J Cardiol. 2016;222:911-920.             .  
https://doi.org/10.1016/j.ijcard.2016.08.031 

30.Hoel AW, Zamor KC. Transitions of care and long-term surveillance 
a�er vascular surgery. InSeminars in vascular surgery. 2015;28(2): 
134-140. https://doi.org/10.1053/j.semvascsurg.2015.09.005 

31.Rajagopalan S, Vergara-Martel A, Zhong J, Khraishah H, Kosiborod 
M, Neeland IJ, et al. �e urban environment and cardiometabolic 
health. Circulation. 2024;149(16):1298-1314.                  .  
https://doi.org/10.1161/CIRCULATIONAHA.123.067461 

Int. J. Cardiovasc. Res. Innov., 2024, 2, 1-8 © Reseapro Journals 2024
https://doi.org/10.61577/ijcri.2024.100007

INTERNATIONAL JOURNAL OF CARDIOVASCULAR RESEARCH & INNOVATION         
2024, VOL. 2, ISSUE 2

7



Coronary Artery Disease (CAD) is a major global public health 
concern, with urban environments posing unique challenges 
due to environmental and lifestyle factors. In densely populated 
cities like Delhi, air pollution plays a signi�cant role in the 
progression of cardiovascular diseases, including CAD [1]. 
Pollutants such as particulate matter (PM2.5 and PM10) and 
nitrogen oxides (NOx), originating from vehicular emissions, 
industrial activities, and construction, are prevalent in Delhi. 
�ese pollutants enter the respiratory system and bloodstream, 
leading to systemic in�ammation, oxidative stress, and 
endothelial dysfunction, all of which contribute to the 
development and worsening of CAD [2].

 While the physical e�ects of air pollution are 
well-established, the psychological stress caused by living in 
polluted and congested urban areas also worsens cardiovascular 
risk. Chronic stress, common in urban settings, leads to elevated 
blood pressure, increased in�ammation, and other 
physiological responses that exacerbate CAD. �e combined 
impact of environmental pollution and psychological stress 
presents signi�cant challenges for healthcare providers 
managing CAD in cities like Delhi [3].

understanding of how environmental and psychological 
stressors interact in CAD management. By addressing these 
gaps, this research aims to provide a more nuanced 
understanding of the challenges healthcare providers face in 
managing CAD in one of the world’s most polluted cities [6].

 �is research has signi�cant implications for both clinical 
practice and public health policy. For healthcare providers, 
understanding the impact of environmental factors like air 
pollution on CAD patients is essential for developing 
comprehensive treatment plans [7]. Integrating knowledge of 
pollution’s e�ects into patient care could lead to targeted 
interventions, including early diagnostic screenings, 
personalized treatment protocols, and patient education on 
minimizing exposure to pollutants. �is approach could 
improve outcomes, particularly for high-risk individuals with 
pre-existing cardiovascular conditions [8].

 From a policy perspective, this research underscores the 
urgent need for stronger air quality regulations and urban 
planning initiatives aimed at reducing environmental health 
risks. Stricter emissions standards, cleaner energy alternatives, 
and the expansion of green spaces are critical to lowering 
pollution levels in cities like Delhi. Public health campaigns 
highlighting the link between air pollution and cardiovascular 
disease can also encourage preventive behaviours, such as 

reducing outdoor activities during peak pollution periods or 
using protective measures like air puri�ers [9].
�e following research questions guide this study:

1. How do cardiologists and interventional cardiologists in 
Delhi perceive the impact of air pollution on the 
progression and management of CAD?

2. What speci�c challenges do healthcare professionals face 
when diagnosing and treating CAD in high-pollution urban 
environments?

3. What strategies do healthcare providers recommend for 
mitigating the combined e�ects of air pollution and stress in 
CAD patients?

 �e objective of this study is to explore the qualitative 
experiences of healthcare professionals in Delhi, focusing on 
how air pollution in�uences CAD management. �rough 
interviews with cardiologists and interventional cardiologists, 
the study will gather insights into the challenges these 
professionals face and the strategies they recommend for 
mitigating the e�ects of both pollution and stress on 
cardiovascular health. �e �ndings will contribute to the 
existing body of knowledge on how environmental factors a�ect 
chronic diseases and provide valuable guidance for clinical 
practices and public health policies aimed at improving 
cardiovascular health in polluted urban centers (Figure 1) [10].

 Despite extensive quantitative research linking air 
pollution to CAD, the perspectives and experiences of 
healthcare professionals working in polluted environments 
remain underexplored. Existing studies predominantly focus 
on pollution levels, clinical outcomes, and hospital 
admissions, o�ering robust quantitative data. However, there 
is a lack of qualitative research examining how healthcare 
providers such as cardiologists and interventional 
cardiologists perceive and manage the impact of air pollution 
on CAD [4]. �is gap in the literature is critical because 
healthcare professionals engaged in diagnosing and treating 
CAD patients in highly polluted areas can provide valuable 
insights into the challenges posed by environmental factors.

 �is study seeks to address this gap by collecting 
qualitative data from healthcare providers in Delhi, including 
cardiologists and interventional cardiologists. �e aim is to 
understand how these professionals perceive air pollution’s 
contribution to CAD, the challenges they encounter in 
treating patients, and the strategies they employ to mitigate 
the combined e�ects of pollution and stress [5]. �e lack of 
region-speci�c qualitative data limits the current 

Methodology
�is study employed a qualitative research design to explore the 
perspectives of healthcare professionals, speci�cally 
cardiologists and interventional cardiologists, on the impact of 
air pollution on CAD management in Delhi. Semi-structured 
interviews and questionnaires were utilized as the primary 
methods of data collection. Semi-structured interviews provided 
�exibility, allowing the interviewer to explore key topics while 
enabling the healthcare professionals to elaborate on their 
experiences. �is approach ensured that the data collected 
captured both prede�ned areas of inquiry and emergent themes 
from the professionals' detailed re�ections on their practice [11].

 �e use of questionnaires helped to standardize speci�c 
responses, ensuring that certain aspects of CAD 
management under pollution conditions were uniformly 
addressed. �e mixed-method approach of interviews and 
questionnaires allowed for a comprehensive understanding 
of the challenges faced by these professionals in managing 
CAD patients, particularly in the context of a high-pollution 
urban environment like Delhi. Interviews were conducted 
either in person or via online platforms, depending on the 
availability of the healthcare professionals, ensuring 
�exibility and access across diverse clinical settings (Table 1) 
[12].

Ethical considerations
Ethical approval for the study was granted by the institutional 
ethics review board of the lead hospital. All healthcare 
professionals were provided with detailed information about 
the study's aims and procedures before participation. Written 
informed consent was obtained from all participants, ensuring 
that they fully understood their rights, including the option to 
withdraw from the study at any time without penalty [17]. To 
ensure con�dentiality, all identifying information was 
anonymized. Participants were assured that the �ndings would 
be reported in aggregate form, with no individual healthcare 
professional being identi�able in the �nal publication. �ese 
ethical protocols ensured that the study was conducted in 

accordance with the highest standards of data protection and 
participant con�dentiality, fostering an environment in which 
healthcare professionals could openly share their clinical 
insights and experiences [18].
Results 
We describe herein the key �ndings and themes based on the 
qualitative interviews on the impact of air pollution on CAD 
management. �is involved collecting qualitative data through 
interviews and questionnaires before conducting content 
analysis to identify and interpret themes. Table 2 summarizes 
the questions asked, the themes identi�ed, the responses from 
participants, and the key �ndings and themes derived from the 
content analysis.

Discussion
�e �ndings from this study emphasize the severe impact of air 
pollution on the progression and management of Coronary 
Artery Disease (CAD) in highly polluted environments like 
Delhi. Both participants observed that air pollution accelerates 
CAD progression by causing systemic in�ammation, oxidative 
stress, and endothelial dysfunction. �ese physiological e�ects 
lead to faster plaque buildup in the arteries, which increases the 
frequency of acute coronary events, especially during 
high-pollution periods such as winter. �ese observations align 
with existing research, such as Liao et al. (2021), who 
demonstrated that exposure to PM2.5 signi�cantly increases the 
risk of myocardial infarction by exacerbating atherosclerosis 
[19]. Similarly, Huang et al. (2021) reported that short-term 
exposure to elevated pollution levels can signi�cantly heighten 
the incidence of heart attacks and other acute cardiovascular 
events, a �nding that supports the experiences shared by the 
participants [20].

 �e participants also noted that while lifestyle changes, 
including dietary modi�cations and exercise, are bene�cial for 
managing early-stage CAD, they are o�en insu�cient for 
advanced cases, which require medical interventions such as 
angioplasty. �is observation is consistent with clinical 
guidelines for CAD, which advocates a combination of lifestyle 
modi�cation and pharmacological treatment, particularly for 
high-risk individuals. Studies by Figtree et al. (2023) 
highlighted the importance of medications such as statins, 
beta-blockers, and ACE inhibitors in reducing the risk of 
recurrent coronary events by controlling blood pressure, 
lowering cholesterol levels, and reducing in�ammation [21]. 
�e participants further emphasized the importance of 
optimizing medical management before surgical interventions, 

which is supported by Hussain et al. (2023), who emphasized 
the need for perioperative care tailored to CAD patients in 
polluted environments [22]. Proper medical management, they 
noted, not only improves surgical outcomes but also reduces the 
risk of post-operative complications, which tend to be higher in 
patients exposed to long-term pollution.

 Another critical �nding was that pollution signi�cantly 
hinders recovery a�er surgical interventions like angioplasty. 
�e participants observed that patients exposed to high levels of 
air pollution experienced slower healing and more frequent 
post-operative complications. �ese �ndings are consistent with 
the research of Motairek et al. (2023), who found that patients 
living in polluted environments exhibited longer recovery times 
following coronary interventions, largely due to the prolonged 
systemic in�ammation caused by chronic exposure to 
pollutants [23]. �is prolonged in�ammatory response impairs 
the body’s natural healing processes, increasing the risk of 
restenosis and necessitating closer post-operative monitoring. 
Zare et al (2016) also emphasized the importance of continuous 
follow-up and treatment adjustments for patients recovering 
from angioplasty in highly polluted areas, a point echoed by the 
participants in this study [24].

 A signi�cant concern highlighted by both participants was 
the lack of awareness among individuals regarding the link 
between air pollution and cardiovascular health. �is lack of 
understanding delays diagnosis and intervention, leading to 
worse outcomes for CAD patients. Public health education 
campaigns aimed at raising awareness of the cardiovascular 
risks posed by air pollution are crucial. �is observation is 
supported by Connor et al. (2020), who found that increased 
patient education on environmental risk factors improved 
cardiovascular disease management [25]. �eir study 

concluded that patients who understood the link between air 
pollution and heart disease were more likely to adhere to 
prescribed treatments and adopt protective behaviors, such as 
reducing outdoor activities during high-pollution periods and 
using air puri�ers at home.

 �e participants also observed a notable increase in CAD  
cases during the winter months, which they attributed to the 
combined e�ects of colder temperatures and elevated pollution 
levels [26]. Testa et al. (2022) con�rmed that both cold weather 
and increased pollution act as triggers for acute coronary 
events. Cold temperatures induce vasoconstriction, which 
raises blood pressure and exacerbates the in�ammatory e�ects 
of pollution, increasing the risk of heart attacks [27]. �is 
seasonal variation underscores the importance of continuous 
monitoring and preventive strategies during periods of high 
pollution, particularly in urban areas that experience signi�cant 
seasonal pollution spikes [28].

 While stents are e�ective in managing CAD, the participants 
emphasized that their long-term success is o�en compromised 
in patients exposed to high levels of pollution. �is observation 
aligns with �ndings by Misumida et al. (2016), who 
demonstrated that pollution increases the likelihood of 
restenosis, necessitating more frequent follow-up visits and 
adjustments to medical management [29]. Long-term follow-up 
is especially critical in polluted environments, as patients are at 
greater risk of post-surgical complications, even a�er successful 
interventions. �e participants recommended reducing 
exposure to pollution and closely monitoring stents to prevent 
restenosis and improve patient outcomes [30].

 �e emphasis placed by the participants on integrating 
discussions of air quality into patient consultations and 
promoting environmental controls, such as avoiding outdoor 
activities during peak pollution hours, is aligned with 
numerous public health recommendations. Rajagopalan et al. 
(2024) demonstrated that policies aimed at reducing vehicular 
emissions and increasing urban green spaces signi�cantly 
reduced the incidence of cardiovascular disease in polluted 
cities. �ese public health interventions, combined with 
individual protective measures, can help alleviate the burden of 
CAD in heavily polluted environments like Delhi [31].

Conclusions
�is study demonstrated a clear link between air pollution and 
the progression of Coronary Artery Disease (CAD) in Delhi, 
with long-term exposure to pollutants accelerating CAD 
through systemic in�ammation and oxidative stress. 
Participants reported an increase in acute coronary events 
during periods of high pollution, particularly in winter. 
Additionally, recovery from procedures like angioplasty was 
slower in polluted environments, primarily due to chronic 
in�ammation and prolonged exposure to environmental 
stressors. A key �nding was the signi�cant lack of awareness 
among individuals regarding the cardiovascular risks posed by 
air pollution and stress.

 Given the clear evidence of the detrimental e�ects of air 
pollution on CAD, immediate action is required from 
policymakers, healthcare providers, and public health experts. 
Policymakers should enforce stricter emission controls and 
promote green infrastructure to improve air quality. Healthcare 
providers must incorporate environmental risk assessments 

into regular consultations, providing tailored advice for at-risk 
individuals, such as using air quality monitors and avoiding 
outdoor activities during high pollution periods. Public health 
campaigns should prioritize educating the population on the 
cardiovascular risks of both pollution and stress, encouraging 
protective behaviors and early intervention strategies.

 Tackling the rising burden of CAD in polluted urban 
environments requires urgent collaboration between healthcare 
systems and environmental policymakers. Ensuring cleaner air 
and integrating environmental health into routine patient care 
are essential steps toward reducing the health risks for at-risk 
populations. Without decisive action, the harmful e�ects of air 
pollution and environmental stress will continue to exacerbate 
cardiovascular disease, placing millions at increased risk.
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