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[bookmark: _Toc214629964]1. Title  
Air Pollution and Respiratory Health in Children Under Five with Chronic Conditions - A Public Health and Social Care Perspective in India
[bookmark: _Toc214629965]2. Introduction 
[bookmark: _Toc214629966]2.1 Prevalence of the problem in health and social care
Air pollution is today considered one of the major risk factors of child morbidity and even mortality at an environmental level. In 2021-2022, it was estimated to cause at least 709,000 deaths in children under five in the entire world, or approximately 15% of all deaths among children under five (UNICEF, 2024). In India, the situation is especially critical: recent studies have indicated that the country has one of the highest under-five mortality rates in the world related to air pollution. According to the State of Global Air, an estimated 169,000 children under five years old were killed daily in India in the year 2021 due to ailments related to air pollution, which is approximately 464 deaths every day (Smile Foundation, 2024). Respiratory infections, particularly pneumonia, are the chief causes of death; in 2016, pneumonia was the cause of approximately 6.3 deaths per 1000 live births among Indian children under five years (Varghese and Muhammad, 2023). Besides, PM2.5 particles are among the health hazards that can threaten the lives of children most in India since they decrease their life expectancy by a higher level. 
[image: ]
Figure 1: Key concerns for death amongst children in India 
(Source: Roychowdhury et al., 2023)
ARI is a significant cause of morbidity and mortality in children, and it is estimated that approximately 400,000 children younger than five in India die annually because of ARI-related diseases, which are approximated to be 13-16% of all mortalities in children (Hasan et al., 2022). This is complicated by chronic respiratory conditions: a systematic review found that the prevalence of asthma pooled among Indian children was 7.9% among children with higher prevalence in boys and urban populations (Daniel et al., 2022).
[bookmark: _Toc214629967]2.2 Background 
Air pollution, which can be defined as the existence of harmful materials in the air with levels that have health hazards, is a combination of particulate matter (PM2.5, PM10), gases and nitrogen dioxide (NO2), sulphur dioxide (SO2), ozone (O3), and incomplete combustion results. Nowadays, children in low- and middle-income countries are exposed to ambient (outdoor) and household (indoor) air pollution, and very often at levels that greatly exceed the World Health Organisation (WHO) standards. India has always been known to have one of the highest levels of ambient PM 2.5. India was more than twelve times the updated WHO target of 5mg/m3, with reported median annual PM2.5 levels of approximately 63mg/m3. Children who are below the age of five are, however, the most vulnerable due to their high minute ventilation, developing lungs, underdeveloped immune systems, and as they spend much time at ground level, where most of the pollutants accumulate (Bora, 2021)
[bookmark: _Toc214629968]2.3 Literature based analysis 
An important contributor is the household air pollution. Although the availability of clean cooking fuels has increased, national survey findings indicate that a significant fraction of households, particularly rural households, continue to use solid fuels, like wood, dung and crop residues, resulting in high indoor PM 2.5 levels (Mondal et al., 2025). The level of PM 2.5 in Indian homes can be very high, up to several hundred micrograms per cubic metre, which is by far higher than national and international norms. Here, pre-diseased children who have asthma, bronchopulmonary dysplasia, congestive heart or lung disease, or regularly wheezing children may develop more serious and frequent attacks when the air pollution level is high as highlighted in figure 2.

Figure 2: Common air-borne chronic illnesses amongst children 
(Source: Self-created)
In India, observational studies have associated an increase in PM2.5 with an increased risk of ARI, anaemia and low birth weight among children and each 10 mg/m3 increase in PM2.5 with an estimated 11% premature causation of ARI (Chaudhary et al., 2023; Maung et al., 2022). Industrial, residential, agriculture and transport sectors are the most critical contributor to pollutants in India as highlighted in figure 3. In this way, an accumulating literature on cross-nation has found links between ambient and indoor air pollution exposure and various respiratory events in children, such as cough and wheeze, bronchitis, pneumonia, decreased lung functioning and asthma attacks.
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Figure 3: Sector-wise contribution of air pollutants in India 
(Source: Smart Air Filters, 2023)
The exposure to elevated levels of PM 2.5 is linked to increased risks of ARIs, growth retardation and poor perinatal outcomes, and children of socio-economically disadvantaged groups are disproportionately affected (George et al., 2024; Nansai et al., 2021). There are indications of significant rural-urban and within urban inequalities where children in regions adjacent to traffic routes, industrial areas or those in biomass-reliant households are more exposed.
[bookmark: _Toc214629969]3. Rationale and research questions  
[bookmark: _Toc214629970]3.1 Rationale
Limited synthesis of the interaction of air-pollution-related respiratory morbidity with access to services, care-seeking behaviour, caregiver burden and social determinants, including poverty, overcrowding and housing quality, can be identified in terms of a public health and social care viewpoint (Goel et al., 2024). Despite present commentaries highlighting how India carries one of the greatest proportions of under-five mortality due to air pollution in the world and the need to create child-specific mitigation, there is no synthesised review about the subgroup of under-five children with chronic conditions and the impact on the integrated health and social response (Chowdhury et al., 2024). This gap explains why a systematic literature review that would establish the current quantitative and qualitative evidence concentrating on children with chronic conditions, patterns of exposure and the overall public health and social care situation in India is needed. Only a few of these studies have mainly looked at ambient or household air pollution as a main exposure (Daniel et al., 2022; Knapp et al., 2023). Moreover, some of the current studies are based on older children (school-aged), and they mostly consider chronic disease status as a by-product and not as the main consideration.  
India faces a high rate of preventable child deaths, even though the level of under-five mortality has dropped significantly over the years; respiratory infections and illnesses associated with pollution continue to stand out (Bora, 2021; Dey, 2022). The collective exposure through high ambient levels of PM2.5, extensive domestic air pollution, and the relatively high incidence of chronic respiratory and related diseases among children are likely to pose an exceptionally dangerous situation among children below five years old (Kaur et al., 2021). However, clinical practice indicates that poor air quality is more prone to worsen the symptoms and frequent hospitalisation, with a protracted functional impairment of such children. Socially, frequent illnesses may enhance a care-giving burden, school absenteeism, and health care expenditures, overburdening low-income families (Shetty et al., 2023; Younger et al., 2022).
[bookmark: _Toc214629971]3.2 Research question 
· RQ: What is the impact of air pollution on respiratory health in children under five with chronic conditions?  
[bookmark: _Toc214629972]3.3 Aim and objectives 
3.3.1 Aim 
The underlying aim of the research is to systematically review and synthesise the evidence on the impact of air pollution on respiratory health in children under five with chronic conditions in India, from a public health and social care perspective.
3.3.2 Objectives 
1. To analyse the impact of air pollution on respiratory health in children under five with chronic conditions 
2. To evaluate current challenges faced by Indian children under the age of five years due to air pollution and its impact on their respiratory health 
3. To recommend measures to manage the challenges of air pollution in India to improve children’s health outcomes 
[bookmark: _Toc214629973]4. Research methodology for Systematic Literature Review
[bookmark: _Toc214629974]4.1 Research Design
4.1.1 Systematic Literature Review 
The proposed research will use a systematic literature review (SLR) framework, which will be designed based on Population, Intervention, Comparison, and Outcome (PICO). The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines will be used in the review to promote transparency, reproducibility and methodological rigour.
4.1.2 PICO statement 
· Population (P): Indian children under five years of age with chronic respiratory or other related health problems. 
· Intervention/Exposure (I): Exposure to air pollution, including both such as ambient (outdoor) air pollution such as PM₂.₅, PM₁₀, NO₂, SO₂, O₃ and household (indoor) air pollution such as biomass/solid fuel use, cooking smoke, poor ventilation
· Comparison (C): Children under five with chronic conditions who have lower exposure to air pollution or no or cleaner exposure 
· Outcome (O): Social or functional outcomes and respiratory health outcomes.  
[bookmark: _Toc214629975]4.2 Data Sources
The search of the following electronic databases will be conducted:
· Google Scholar 
· ScienceDirect 
· PubMed
· Wiley Online Library 
Included studies and relevant reviews will ensure that a reference list is screened, where needed, to introduce more sources with the snowball sampling method. 
[bookmark: _Toc214629976]4.3 Selection Criteria
4.3.1 Search Terms
The search strategies will utilise the controlled vocabulary using the following search string:
“Air pollution" OR ambient air pollution" OR household air pollution" OR indoor air pollution" OR particulate matter" OR PM2.5 or PM10 OR solid fuel" OR biomass AND child OR infant OR toddler OR under five or preschool. AND asthma OR "chronic respiratory" OR bronchopulmonary dysplasia or "congenital heart disease" or wheeze. AND (India)”
The strategies of searching in each database will be modified, and they will be written in an appendix.
4.3.2 Timeframe
The review will encompass those studies published between 2021 and 2025 as the latter represent a modern body of evidence on the issue, considering the latest developments in urbanisation, clean fuel policies and air quality regulations in India. As this timeframe will help to review current studies systematically due to recency, it seems suitable (Al-Ababneh, 2021). 
4.3.3 Inclusion and exclusion criteria
	Inclusion 
	Exclusion  

	Population: Children aged 0–59 months living in India with chronic conditions: asthma, chronic lung disease, congenital heart disease, recurrent wheeze, immunocompromised respiratory illnesses
	Population: Studies focusing only on children >5 years with no separate under-five data

	Intervention: Direct air pollution measurements: PM₂.₅, PM₁₀, NO₂, SO₂, O₃. and proxy indicators like household fuel type, solid/biomass fuel use, proximity to roads/industry
	Intervention: Studies without any air pollution measure or proxy

	Comparison (C): Children under five with chronic conditions who have lower exposure to air pollution or no or cleaner exposure 
	Comparison (C): Children over five or without chronic condition and children having higher exposure to air pollution 

	Outcomes: Respiratory outcomes like ARI, pneumonia, wheeze, asthma exacerbations, bronchitis, lung function, hospital/ED admissions, mortality, alongside social outcomes like caregiver burden, financial costs
	Outcomes: Studies not reporting any relevant respiratory or social outcome

	Publication Type: Peer-reviewed journal articles in English.
	Publication Type: Non-English publications and grey literature that are not peer reviewed

	Location: Studies conducted in India
	Location: Studies conducted outside India

	Year: 2021-2025
	Year: Articles published before 2021 


[bookmark: _Toc214629977]4.4 Data Collection Method
PRISMA is used to ensure transparency and rigour in a systematic review. It guides how studies are identified, screened, assessed for eligibility, and included. Using a structured flow diagram, it documents database searching, removal of duplicates, screening decisions, and reasons for exclusion, ensuring a clear, reproducible selection process. A total of 10 articles that minutely focus on the mentioned inclusion and exclusion criteria will be considered for the SLR.
· Presentation: A list of all the records obtained in the databases will be presented. Duplicates will be removed.
· Screening: Titles and abstracts will be screened by the inclusion criteria.
· Eligibility: Full texts of potentially eligible research will be retrieved and screened on their own against inclusion and exclusion criteria.
· Inclusion: The review will include final studies that will be documented in the PRISMA flow diagram, based on the criteria (Abutabenjeh and Jaradat, 2021) 
[bookmark: _Toc214629978]4.5 Data Extraction and Analysis
4.5.1 Extraction
To give clarity and uniformity, a standardised data extraction form will be developed and piloted on a small sample of the studies. Such a form will provide important bibliographic details, like the author, year and journal, along with the details of the study setting, such as the focus of the methodology and the major findings (Ugwu et al., 2021; Morgan and Nica, 2021). The variables of exposure assessment will involve the type of pollutants, the modes of measurement and the type of exposure. Certain outcome measures such as clinical diagnoses, caregiver-reported symptoms, hospital records, or spirometry will be extracted, whereas effect estimates such as risk ratios, odds ratios and confidence intervals. Social and contextual data, such as housing, fuel use, access to health or social care and caregiver burden, shall be documented to be able to give a deeper interpretation of the selected population on the issue of public health (Suri, 2021; Firdaus et al., 2021). The conclusion of the key findings and the author will be summarised. 
4.5.2 Analysis 
Since the study designs and populations are expected to vary, a case study evaluation will be the major design for analysis using Braun and Clarke 2006 thematic analysis. The studies are going to be categorised based on the nature of the chronic disease, the nature of exposure, outcome measure. Additionally, descriptive assessment will be taken into consideration. This is because the descriptive method helps to evaluate data based on the condition of data quality and viability (Kumar and Ujire, 2024; Zawacki-Richter et al., 2020). In general, planning of a case study-based assessment following thematic analysis will be considered in terms of response to the research questions. 
[bookmark: _Toc214629979]5. Ethical Considerations 
The planned research will be a systematic review of what literature is available in the field and will not imply any direct interaction with human subjects, gathering of primary information, or obtaining identifiable patient files. Accurate presentation of the study results to ensure not to misinterpret findings and consider the university-related ethical standards will be the ethical standards to be followed. Moreover, it will imply open reporting of procedures, such as restrictions and possible biases by emphasising on data collection using secondary data (Nayak and Singh, 2021; Newman and Gough, 2020). Besides, the original authors will be given credit, and plagiarism is to be avoided by citing their works and providing references to them. In addition, where the included studies involve vulnerable groups of the population such as children under five years of age or their families will not be directly approached for any personal information 
[bookmark: _Toc214629980]6. Implications of the research
The review will offer a summarised body of evidence regarding the impacts of air pollution on respiratory outcomes among children under five years with chronic illnesses in India. The results may be used in clinical practice in both paediatric and primary care services to guide clinicians on identifying especially vulnerable children and informing families on the need to reduce their exposure. On the policy level, within the concept of national programmes on air quality, child health and non-communicable diseases, it is possible to rely on the needs of high-risk groups, which would be supported at the review.
[bookmark: _Toc214629981]7. Plan of work and time schedule 
	Task Name
	Duration
	Start
	Finish
	Timeline 

	Phase 1: Planning and Ethical Preparation
	4 days
	Mon 24-11-25
	Thu 27-11-25
	 
	 
	
	
	
	
	
	
	
	
	
	
	
	

	Aim, objectives, and questions
	2 days
	Mon 24-11-25
	Tue 25-11-25
	
	 
	
	
	
	
	
	
	
	
	
	
	
	

	Apply for ethical approval.
	2 days
	Wed 26-11-25
	Thu 27-11-25
	
	
	 
	
	
	
	
	
	
	
	
	
	
	

	Phase 2: Literature Review
	7 days
	Fri 28-11-25
	Mon 08-12-25
	
	
	 
	 
	 
	
	
	
	
	
	
	
	
	

	Make a draft of the structure of the literature review.
	5 days
	Fri 28-11-25
	Thu 04-12-25
	
	
	
	 
	 
	
	
	
	
	
	
	
	
	

	In-depth review of current literature- Identify key theories
	2 days
	Fri 05-12-25
	Mon 08-12-25
	
	
	
	
	 
	
	
	
	
	
	
	
	
	

	Phase 3: Final Preparations for Data Collection
	19 days
	Tue 09-12-25
	Fri 02-01-26
	
	
	
	
	 
	 
	 
	
	
	
	
	
	
	

	Develop the proper research design and perspectives.
	10 days
	Tue 09-12-25
	Mon 22-12-25
	
	
	
	
	
	 
	 
	
	
	
	
	
	
	

	Set the proper data collection strategy.
	5 days
	Tue 23-12-25
	Mon 29-12-25
	
	
	
	
	
	
	 
	
	
	
	
	
	
	

	Phase 4: Data Cleaning and Analysis
	7 days
	Mon 05-01-26
	Tue 13-01-26
	
	
	
	
	
	
	 
	 
	 
	
	
	
	
	

	Data cleaning and analysis
	4 days
	Mon 05-01-26
	Thu 08-01-26
	
	
	
	
	
	
	
	 
	 
	
	
	
	
	

	Follow ethical considerations
	3 days
	Fri 09-01-26
	Tue 13-01-26
	
	
	
	
	
	
	
	
	 
	
	
	
	
	

	Phase 5: Discussion and Interpretation
	6 days
	Wed 14-01-26
	Wed 21-01-26
	
	
	
	
	
	
	
	
	 
	 
	 
	
	
	

	Findings with existing literature
	2 days
	Wed 14-01-26
	Thu 15-01-26
	
	
	
	
	
	
	
	
	
	 
	 
	
	
	

	Interpreting aligns with the data collection.
	4 days
	Fri 16-01-26
	Wed 21-01-26
	
	
	
	
	
	
	
	
	
	
	 
	
	
	

	Phase 6: Finalisation
	5 days
	Thu 22-01-26
	Wed 28-01-26
	
	
	
	
	
	
	
	
	
	
	
	 
	 
	 

	The conclusion and final recommendations
	1 day
	Thu 22-01-26
	Thu 22-01-26
	
	
	
	
	
	
	
	
	
	
	
	
	 
	 

	Develop abstract, references, and formatting.
	2 days
	Fri 23-01-26
	Mon 26-01-26
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	Proofreading and checking
	1 day
	Tue 27-01-26
	Tue 27-01-26
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	Submission
	1 day
	Wed 28-01-26
	Wed 28-01-26
	
	
	
	
	
	
	
	
	
	
	
	
	
	 


Figure 5: Gantt chart and timeline
(Source: Self-created)
This schedule can be followed and has a logical execution that moves towards completion, starting with preparation. Additionally, the stages are time-mapped, attainable, and in accordance with the major milestones in academia. Moreover, the structure will provide sufficient time to review literature, revise the method, analyse the data and write.
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