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ABSTRACT

Background - In India, air pollution is a major cause of respiratory morbidity and mortality in children under five years of age, and is a major health risk factor of the environment in India. Particulate matter (PM2.5 and PM10) is commonly linked with acute respiratory infections, asthma, wheezing, hospitalisation and mortality due to lower respiratory infections. Child respiratory disease in India has a high burden but little evidence on children below the age of five who experience chronic respiratory diseases exists. This review investigated how ambient and household air pollution affects the respiratory health outcomes in children aged below five in India with consideration of chronic respiratory vulnerability.

Methods - PubMed, Google Scholar, ScienceDirect and Web of Science were used to carry out a systematic literature review. The Population, Exposure, Comparison and Outcome (PECO) framework was used to guide the search strategy. Research articles released in 2010-2026 were filtered by PRISMA protocol and present inclusion and exclusion criteria.  Seventeen quantitative studies were included in the final review. The data were systematically extracted, critically appraised on a quantitative appraisal framework, and synthesised in a thematic manner.

Results - The review concluded that there was a consistent relationship between air pollution exposure and poor respiratory outcomes in children below five years in India. Increased risk of acute respiratory infections, asthma, wheezing and lower respiratory infections were linked to higher levels of PM2.5 and PM10. There was also evidence of a dose-response relationship with increased respiratory morbidity being associated with increased pollution exposure. Another significant risk factor was household air pollution especially due to the use of biomass and solid fuels. Poor ventilation and access to healthcare, rural-urban differences, and socioeconomic disadvantage made people more vulnerable.

Conclusion - Air pollution is an important determinant of respiratory morbidity and mortality among children under five in India. Ambient and household air pollution both lead to respiratory infections, asthma, wheezing, hospitalisation and death. Children with a long-term respiratory disease can be particularly susceptible, although there is scant evidence on this population. Greater environmental policy, access to clean household energy, better exposure measurement and specific public health interventions will be necessary to safeguard high-risk children.

Key words - Air pollution, respiratory health, children under five years, chronic illness, India, PM2.5, PM10. 
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[bookmark: _Toc227329309][bookmark: _Toc229468293]CHAPTER 1 - INTRODUCTION AND BACKGROUND

[bookmark: _Toc229468294]1.1 Introduction to The Topic 
Air pollution is a prominent environmental health issue, which is closely linked to negative respiratory outcomes, especially in children under five years old (World Health Organization, 2021). It can be defined as the existence of the harmful substances in the air such as the particulate matter (PM2.5 and PM10) as well as toxic gases, which adversely influence the health of humans. Air pollution falls into a general group of either ambient (outdoor) air pollution, which happens due to traffic-related air emissions, industrial (and urbanisation) air pollution, and household (indoor) air pollution, caused primarily by the burning of solid fuels such as biomass, wood and coal as cooking and heating fuel (Health Effects Institute, 2020).
Children under five years are particularly susceptible to air pollution because their respiratory system is not yet well-developed, and they breathe more rapidly and their immune systems are still developing (World Health Organization, 2021). A variety of respiratory diseases are associated with exposure to air pollutants, such as acute respiratory infection (ARI), pneumonia, asthma and wheezing (George et al., 2023; Mahapatra et al., 2020). Along with acute diseases, the growing focus is on chronic respiratory diseases like asthma and frequent wheezing, which can be aggravated by environmental exposures.
The children who have already developed chronic respiratory conditions are a particularly high-risk group as the respiratory system of such children might already be weakened and be more susceptible to the pollutants of the environment. Evidence suggests that air pollution can exacerbate, increase the frequency of respiratory attacks and lead to an increase in the hospitalisation rates (Malamardi et al., 2023; Kumar et al., 2015). However, despite the growing body of literature on air pollution and respiratory health in children, most of the research studies focus on the health of children in general, rather than children with chronic illnesses in particular. 
This points to a major gap in the literature and underscores the importance of a targeted study to understand the effect of air pollution on respiratory health in children under the age of five years with the chronic respiratory conditions with a special emphasis on high-burden areas like India.
[bookmark: _Toc229468295]1.2 Background
[bookmark: _Toc229468296]1.2.1 Air Pollution Burden in The World
It has been recognised that air pollution has become one of the main environmental risk factors leading to global morbidity and mortality, especially in children, especially in low and middle-income countries (World Health Organization, 2021). The exposure to particulate matter and other pollutants has been closely linked to a higher risk of respiratory diseases, such as acute respiratory infections, pneumonia and asthma (Health Effects Institute, 2020).
According to the epidemiological data, ambient PM2.5 concentration is linked to increased cases of respiratory disease in children younger than five years (Odo et al., 2022). According to the global burden of disease, air pollution continues to be a significant cause of child deaths, especially by lower respiratory infections (Roy et al., 2020). Besides acute outcomes, increasing evidence exists about air pollution causing respiratory chronic morbidity such as asthma and frequent wheezing.
Ambient and household air pollution is both contributors to worldwide exposure. In low-income environments, household air pollution, especially due to using biomass fuels, is a significant risk factor that causes a higher risk of respiratory disease in children (Bonjour et al., 2013). Although it is clear globally that air pollution is associated with respiratory illness, only a small number of studies have considered children with pre-existing chronic respiratory disease, which signals a large literature gap.
[bookmark: _Toc229468297]1.2.2 Child Health and Air Pollution in India
[bookmark: _Toc227925524][bookmark: _Toc227925576]India is a strategic location to study the health effects of air pollution because of its high rate of environmental pollution and high numbers of children below the age of five years. The emission of pollutants in the ambient air tends to be significantly higher than the national standards and the World Health Organization (WHO) has indicated high rates of exposure to PM2.5 in urban and rural locations (George et al., 2023).
Respiratory disease is a major public health issue among children under five in India. The acute respiratory infection (ARI) is one of the most prevalent morbidity causes due to its high prevalence rates of up to 27% in some population groups (Ramani et al., 2016). Moreover, it is believed that air pollution leads to higher hospitalisation and deaths caused by lower respiratory infections (Malamardi et al., 2023; Roy et al., 2020).
Other long term respiratory disorders are also being recognised in the Indian environment including asthma and frequent wheezing Asthma prevalence among children in India has been estimated at around 7.9% with the highest prevalence in cities (Daniel et al., 2022). Both ambient and home air pollution have been identified to increase the risk and severity of these conditions (Kumar et al., 2015; Ramagopal et al., 2021).
The issue of air pollution inside homes is of great concern particularly in low-income and rural regions where solid fuels are a common practice. Biomass fuels are more hazardous as they pose greater risks to children when exposed to indoor air pollution with high risk of respiratory infections and fatal outcomes such as pneumonia (Naz et al., 2015; Adaji et al., 2020). Vulnerability is also caused by other socioeconomic factors such as poor living conditions and clean energy.
Despite a significant body of research on the relationship between air pollution and respiratory health outcomes in under five-year-old children in India, the majority of studies consider general children and acute outcomes. The research with specific focus on children with chronic respiratory conditions has been limited and this is one of the gaps in the research that this study will examine.
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[bookmark: _Toc228390860][bookmark: _Toc228390946]Figure 1 - Air quality index (AQI) distribution across India (World Air Quality Index Project, 2025)

[bookmark: _Toc229468298]1.3 Rationale for Research / Problem Statement 
In children below the age of five, air pollution is a key environmental predisposing factor to respiratory health, especially in all low- and middle-income countries, including India (World Health Organization, 2021). The ambient and household air pollution levels are high, and much of the children population is exposed to harmful pollutants, thus increasing the chances of respiratory illness (World Bank, 2020).
Previous studies have shown that respiratory outcomes (e.g., acute respiratory infections, asthma and wheezing) correlate with air pollution exposure (George et al., 2023; Mahapatra et al., 2020; Adhikary et al., 2024). More serious consequences, including hospitalisation and death because of lower respiratory infections have been recorded, too (Malamardi et al., 2023; Roy et al., 2020). Air pollution in the household, especially occurring due to solid fuel use, is one of the major causes of respiratory disease among children (Naz et al., 2015; Adaji et al., 2020).
Most of the current literature however looks at the general population of under five years old and majorly analyses on acute respiratory outcome. The evidence on children with prior chronic respiratory conditions and subject to environmental exposures is very sparse. Moreover, the dissimilarity of study design and exposure assessment procedures prevent the possibility to develop a consistent conclusion.
Considering these shortcomings, there is a necessity to conduct a systematic review in a bid to synthesise the available evidence and have a better understanding of how air pollution affects the respiratory health of children who are under five years and have chronic respiratory conditions in India.

[bookmark: _Toc229468299]1.4 Research Question
What is the impact of air pollution on respiratory health in children under five with chronic conditions in India?
[bookmark: _Hlk132307459][bookmark: _Toc229468300][bookmark: _Hlk132203336]1.5 Research Aim 
The aim of this research is to systematically review and synthesise existing evidence on the impact of air pollution on respiratory health outcomes among children under five years of age with chronic health conditions in India.
[bookmark: _Toc229468301]1.6 Research Objectives  
· To identify published studies examining air pollution exposure and respiratory outcomes in children under five years with chronic respiratory conditions in India. 
· To analyse reported respiratory health impacts associated with outdoor and indoor air pollution among children under five in India. 
· To identify public health and social care implications arising from the reviewed evidence. 

[bookmark: _Toc229468302]1.7 Chapter Summary
This chapter has presented the air pollution as a significant environmental health problem in children under the age of five years especially in India, with regard to respiratory outcome. It has brought out the role of ambient and household air pollution in relation to respiratory disease and made it clear that children with chronic respiratory ailments are more susceptible to the effects of air pollution. One of the gaps in the literature was found, i.e., less emphasis on children with pre-existing chronic conditions. The research question, aim and objectives that will guide this study were also presented in the chapter. The subsequent chapter will critically analyse extant literature in order to study this issue further.



[bookmark: _Toc229468303]CHAPTER 2 - LITERATURE REVIEW

[bookmark: _Toc229468304]2.1 Introduction
In this chapter, the author critically examines the existing literature on the association between air pollution and respiratory health in children below the age of five years, especially in India. It takes into account the ambient air pollution, such as the particulate matter (PM2.5 and PM10) and the indoor pollution caused by using solid fuels and indoor exposures (World Health Organization, 2021; Health Effects Institute, 2020).
The chapter discusses various respiratory health outcomes including acute respiratory problems like acute respiratory infection (ARI) and pneumonia, chronic respiratory problems like asthma and regular wheezing. Although there is a substantial amount of evidence on the relation of air pollution to respiratory morbidity among young children, much of the current literature is on general paediatric populations and short-term outcomes (George et al., 2023; Odo et al., 2022). Little evidence has been done to investigate the impact that air pollution has on children with existing chronic respiratory illnesses, who might be even more susceptible to environmental exposures.
Thus, this chapter assesses the most important themes in the literature, such as the importance of the air pollution as a social health problem, the trends in the respiratory outcomes of children, and the Indian situation. It also establishes gaps in the available evidence especially when it comes to chronic respiratory susceptibility.

[bookmark: _Toc229468305]2.2 Literature Review
[bookmark: _Toc227329310][bookmark: _Toc229468306]2.2.1 Air Pollution as A Public Health Issue in Children
Air pollution has been generally accepted as one of the greatest threats to environmental health, especially in relation to the susceptible groups like children (World Health Organization, 2021). It is comprised of toxic substances in the air, such as particulate matter (PM), gases and toxic substances, which might have a negative impact on human health (Health Effects Institute, 2020). Of specific interest among them are PM2.5 and PM10, which can penetrate respiratory system and lead to inflammatory and chronic health impact.
PM2.5 is a fine particle, which is capable of penetrating deep into the lung and entering the bloodstream, unlike PM10 which usually penetrates the upper respiratory tract. there is an indication that PM2.5 correlates more with adverse respiratory and systemic effects, in its smaller size and greater toxicity (Pope and Dockery, 2006; Brook et al., 2010). There are two types of air pollution: ambient (outdoor) pollution, the main source of which is traffic emissions and industrial activity, and household (indoor) pollution, which is mainly due to the use of biomass fuel during cooking and heating (World Bank, 2020).
Children younger than five years of age are especially susceptible to such exposures since their respiratory systems are still developing and they have a higher breathing rate and their immune system is immature (World Health Organization, 2021). Airway inflammation, defective lung growth and predisposition to respiratory illnesses have been linked to early childhood exposure to air pollution (Gauderman et al., 2004; Bateson and Schwartz, 2008). Research in low- and middle-income nations has continued to present the results that elevated exposure to PM2.5 is linked to augmented peril of breathing sickness in youngsters (Odo et al., 2022).
Overall, effects of air pollution on child health have been thoroughly researched, a dearth of studies specifically investigating effects of air pollution on children with pre-existing chronic respiratory conditions remains. The underlying airway inflammation and diminished respiratory resilience of these children might result in increased vulnerability, which is an important gap in the literature.
Figure 2 shows the relative size of PM2.5 and PM10 particles compared with human hair and fine sand, highlighting how small particulate matter can be inhaled into the respiratory system.
[image: ]



[bookmark: _Toc228390861][bookmark: _Toc228390947]Figure 2 - Comparison of PM2.5 and PM10 particle sizes and their penetration into the respiratory system (WHO, 2021)
[bookmark: _Toc229468307]2.2.2 Under-Five Child Respiratory Health Outcomes
Child respiratory health outcomes are among the key areas of concern in the field of public health, especially in worldwide low- and middle-income nations (including India) (World Health Organization, 2021). The results may be generally categorized into acute and chronic diseases.
Acute respiratory infections (ARI), lower respiratory infection (LRI) and pneumonia are the key causes of morbidity and mortality in this age group (UNICEF, 2019). The prevalence of ARI in India has been proven to be high, with some studies further showing prevalence estimates of 27% in some populations (Ramani et al., 2016). Moreover, the estimates of the burden of disease show that lower respiratory infections are a primary cause of child mortality below the age of five, and air pollution is a significant factor (Roy et al., 2020; Burnett et al., 2018).
Along with acute outcomes, chronic respiratory outcomes like asthma, long term respiratory impairment and recurrent wheezing are becoming more and more realised. A meta-analysis and systematic review approximated the prevalence of asthma in children in India at around 7.9, and the rate was higher in urban populations (Daniel et al., 2022). The analysis of hospital data has also revealed higher rates of hospitalization due to asthma and respiratory diseases with wheezing symptoms in correlation with air pollution (Malamardi et al., 2023).
Although more common studies are conducted on acute conditions, chronic respiratory conditions are especially significant in assessing vulnerability in the long term. Wheezing and early-life asthma can be a manifestation of persistent airway inflammation and sensitivity to environmental inducers, such as air pollution. Nevertheless, the vast majority of the literature does not make a specific comparison of children with pre-existing chronic conditions with the general population.
It is one of the major weaknesses of the literature since children with chronic respiratory illnesses are more likely to have worse outcomes after being exposed to air pollution. Consequently, finding out the difference in the effect of air pollution on this subgroup is still a significant topic of future study.

[bookmark: _Toc229468308]2.2.3 Respiratory Outcomes and Ambient Air Pollution In India
[bookmark: _Toc227329311]In India, one of the most significant environmental determinants of respiratory health is ambient air pollution, and the amount of particulate matter often exceeds the recommended values (World Health Organization, 2021). The adverse respiratory outcomes of children below the age of five have always been related to exposure to PM2.5 and PM10.
According to the studies at the national level, children in India are exposed to high levels of PM2.5, and the median values of the exposure are far beyond the safe levels (George et al., 2023). This massive exposure predisposes individuals to respiratory diseases especially acute respiratory infections (ARI) and lower respiratory infections. Mahapatra et al. (2020) established a strong exposure-response relationship as higher exposure of PM10 was found to lead to the respiratory illnesses in children.
In line with this, Adhikary et al. (2024) found a dose-response relationship between respiratory morbidity and PM2.5 exposure, with the higher the levels of a pollutant, the greater the risk of a disease. The latter is corroborated by evidence that certain elements of particulate matter, including nitrate and elemental carbon, can be more toxic and impactful on respiratory outcomes (Chaudhary et al., 2023).
The spatial and temporal variations are also important. Research has found geographic aggregation of respiratory disease in highly polluted areas of India, especially in the northern states (Balasubramani et al., 2022). The seasonal trends also suggest that there are more hospitalisations at times of high pollution and particularly during winter (Kakkad et al., 2022). These results demonstrate the significance of the environmental context in determining the outcome of respiratory health.
Most of these studies however depend on aggregated or modelled exposure data instead of actual measurements at an individual level and this could create misclassification of exposure. Moreover, the cross-sectional designs are mostly predominant and hence cannot be used to draw causal relationships.
Notably, these studies do show a strong relationship between air pollution at the ambient level and respiratory outcomes, however, such studies seldom target those children with chronic respiratory conditions. Asthmatic children or those with frequent wheezing are more prone to the effects of pollutants because they already have the inflammation in their airways, and this vulnerable group is not always considered separately. This constrains knowledge on ways air pollution can lead to worsening of chronic respiratory susceptibility during early childhood.

[bookmark: _Toc229468309]2.2.4 Household Air Pollution and Child Respiratory Illness in India
Another major cause of respiratory disease in children under five in India is household air pollution, especially in low-income and rural regions where solid fuels are a popular choice in cooking (World Bank, 2020). Combustion of biomass fuels like wood, dung and crop residues results in high concentrations of particulate matter and toxic gases exposing children to harmful indoor environments.
The research has always demonstrated that children in the houses with solid fuels are predisposed to acute respiratory infections and other respiratory diseases (Naz et al., 2015; Das and Das, 2023). Moreover, indoor environmental conditions including bad ventilation, overcrowding, and exposure to tobacco smoke can also contribute to the risk of respiratory disease (Ramagopal et al., 2021).
Indoor air pollution and prevalence of asthma among urban children, as discovered by Kumar et al. (2015), are strongly linked, which emphasizes the significance of indoor exposures in urban areas. Equally, there have been studies on the environmental features of households and they have shown the relationships between indoor pollutants and wheezing symptoms in young children (Tielsch et al., 2021). These results indicate that indoor air pollutions are important determinants of both acute and chronic respiratory diseases.
Moreover, the data point to the fact that household air pollution is strongly linked to such serious illnesses like childhood pneumonia, which is one of the primary causes of death among children under five (Adaji et al., 2020). This puts the great health toll of indoor exposures into perspective.
Although there is a strong indication of association, there are methodological limitations. In most research, proxy indicators, including fuel type used are used, instead of actual measurement of pollutant exposure, which can decrease accuracy. There is also a lack of full exploration of the interaction of household and ambient air pollution.
Similarly to ambient pollution, little research has specifically investigated the effect of household air pollution on children that have pre-existing chronic respiratory conditions. Asthmatic kids or those who wheeze regularly might be especially susceptible to indoor pollutants, but this particular group is seldom examined independently. This is one of the gaps in the literature.

[bookmark: _Toc229468310]2.2.5 Chronic Conditions and Evidence Gap
Even though there is a lot of evidence that air pollution is related to respiratory health outcomes among children below five years of age, a major weakness of the literature is the absence of interest in children with underlying chronic respiratory diseases.
The majority of studies mainly focus on acute outcomes like ARI and pneumonia, and do not differentiate between children with and without underlying respiratory conditions. This leads to the fact that the direct effect of air pollution on children with asthma, repetitive wheezing or other chronic respiratory diseases is not clear (Landrigan et al., 2018).
Others indicate that chronic respiratory diseases are not very uncommon among children in India. To illustrate, Daniel et al. (2022) indicated the prevalence of asthma to be about 7.9% and higher in urban regions. Even hospital-based research shows that the exposure to air pollution is linked to the rise in the number of hospital admissions with asthma and conditions related to wheezing (Malamardi et al., 2023).
Nevertheless, these children are not specifically analysed as a separate group in most studies. Rather, chronic conditions typically are indirectly incorporated into more general population analyses. This restricts the capability of comprehending the differential vulnerability and could undervalue the actual outcomes of air pollution to this vulnerable population.
This gap indicates that further targeted studies on the impacts of air pollution on children with long-term respiratory illnesses are warranted. This relationship is critical in understanding how to formulate specific public health interventions and enhance health outcomes of vulnerable groups.

[bookmark: _Toc229468311]2.3 Chapter Summary
This chapter critically examined the literature on the association between air pollution and respiratory health in children under five years with a case of India. It has always been shown that ambient air pollution and household air pollution are strongly related to various respiratory outcomes, such as acute respiratory infections, asthma, wheezing and pneumonia.
Biological and environmental factors predispose children, but most studies have limitations related to cross-sectional designs, indirect exposure measures, and biases. Significantly, the literature review has revealed a large information gap because most of the literature is concerned with general populations of children and acute outcomes and little is known about children with chronic respiratory conditions.
This gap offers the basis of the current study that seeks to undertake a systematic review of the air pollution effects to respiratory health of children under five years with chronic conditions in India.
[bookmark: _Toc229468312]
CHAPTER 3 - METHODOLOGY

[bookmark: _Toc229468313][bookmark: _Hlk225192814]3.1 Introduction to Chapter
This chapter details the methodological approach that will be used in this study. The study has a literature review of studies which have investigated the effects of air pollution on respiratory health of children below the age of five with chronic respiratory illness in India. Systematic Literature Review (SLR) was chosen as the most suitable approach since it provides the opportunity to conduct an organized, clear and reproducible process of identification, selection and synthesis of relevant studies (Kitchenham, 2004; Petticrew and Roberts, 2006).
The chapter outlines the research design, including the elaboration of the search strategy with the help of the Population Exposure Comparison Outcome (PECO) framework. It also explains how the search terms and keywords were chosen, databases were used to find the relevant studies, and the inclusion and exclusion criteria were selected in the course of screening. Moreover, the chapter describes how the PRISMA framework may be used to make the process of selecting the studies transparent (Moher et al., 2009). Also addressed are the ethical issues associated with the use of secondary data.

[bookmark: _Toc229468314]3.2 Systematic Literature Review (SLR)
[bookmark: _Toc229468315]3.2.1 SLR Definitions and Purpose
The Systematic Literature Review (SLR) is a systematic research process that is employed to find, evaluate and synthesise existing literature concerning a particular research question (Kitchenham, 2004; Petticrew and Roberts, 2006). In contrast to the narrative reviews, which can be subjective, SLR is based on a transparent and reproducible process that minimizes bias and enhances the dependability of the results.
The SLR is especially suitable in this study since the research on air pollution and respiratory health among children below the age of five is highly scattered in various types of study designs, such as cross-sectional studies, cohort and ecological studies. Besides, research on children with chronic respiratory diseases like asthma and frequent wheezing has been limited. Thus, an SLR allows the methodical discovery and synthesis of the available evidence to outline the major findings, limitations and gaps in research applicable to this vulnerable population.



[bookmark: _Toc229468316]3.2.2 Procedures to Perform Systematic Literature Review
A SLR follows a series of organised steps, which include;
· Definition of the research question, 
· Search strategy, 
· Identification of relevant studies, 
· Screening with regards to eligibility criteria,
· Data extraction
· Finding’s synthesis (Petticrew and Roberts, 2006; Moher et al., 2009)
This research started with the research question on the influence of air pollution on respiratory health among the children below five years in India. This was complemented with elaboration of a systematic search strategy based on PECO framework.
Predefined inclusion and exclusion criteria were then used to screen studies to guarantee relevance and quality. The relevant information was obtained and synthesised to provide meaningful information. This was done in a systematic manner to provide transparency, consistency, and reproducibility of the results.

[bookmark: _Toc229468317]3.3 Search Strategy
[bookmark: _Toc229468318]3.3.1 Definition of Search Strategy
A search strategy is a method whereby relevant literature that answers the research question is identified. A search strategy is necessary in systematic literature reviews to make sure that the study identification procedure is exhaustive, reliable and repeatable (Booth et al., 2016).
A search strategy in this study was formulated to find articles that are analysing the connection between air pollution and respiratory health in the children younger than five years with chronic respiratory illnesses in India.
[bookmark: _Toc229468319]3.3.2 Comprehensive Search and Time Limit Process
An intensive search strategy was created in order to determine the studies that will be used to study the relationship between air pollution and respiratory health outcomes among children who are under the age of five in India. The Population-Exposure-Comparison-Outcome (PECO) framework was the search strategy that is specifically appropriate to the study of environmental exposure (Schardt et al., 2007).
PECO framework was established as follows,

· Population (P) - Population of children under five years old with chronic conditions in India. 
· Exposure (E) - Air pollution exposure, such as ambient air pollution (PM 2.5, PM 10), domestic air pollution (biomass and solid fuel use), and gaseous pollution (NO2, CO and CO2). 
· Comparison (C) - children with less or no exposure to air pollution, those who use less polluting fuel or who live in less polluted environment. 
· Outcome (O) - Respiratory health outcomes, such as acute respiratory infections (ARI), asthma, wheezing, pneumonia, and lower respiratory infections. 

PECO framework was chosen because it offers a clear framework in studies that are concerned with environmental exposures. The PICO framework, on the other hand, suits better the studies of clinical intervention (Schardt et al., 2007; Bettany-Saltikov, 2012).
In order to include relevant and up-to-date evidence, only studies published between 2010 and 2026 were included. This made sure that the findings are up to date with the trends and developments in air pollution and child respiratory health.

[bookmark: _Toc229468320]3.4 Search Terms
[bookmark: _Toc229468321]3.4.1 Definition and Importance Of Search Terms
Search terms refer to particular words and phrases that are applied in electronic databases to find pertinent studies. Well-defined search terms are crucial in the methodology of systematic literature reviews to guarantee the retrieval of all the relevant literature, as well as reducing the chance of omitting significant studies (Booth et al., 2016).
Importance of search terms helps in carefully chosen to enhance sensitivity and specificity of the search strategy, so that the studies retrieved are relevant to the research question.

[bookmark: _Toc229468322]3.4.2 Searching with Synonyms
Systematic searching requires the use of synonyms and similar terms because various studies might have different terms to describe the same concepts. The presence of several synonyms will make sure that more studies are included into the relevant results.
Indicatively, air pollution can also be called ambient air pollution, indoor air pollution, or house-hold air pollution, whereas respiratory conditions can be called respiratory illness, acute respiratory infection, or lower respiratory infection.
These differences have been handled through the combination of synonyms with the use of Boolean operator, OR, as well as the combination of various groups of concepts with the use of Boolean operator, AND, to provide a focused and in-depth search strategy (Booth et al., 2016).

[bookmark: _Toc229468323]3.4.3 Development of Search Terms Using PECO Framework
To make sure that every point of the research question is covered, the search terms in this study will be developed using PECO framework.
These search terms were combined in the following way:
Population Terms - child OR infant OR under five OR under 5 or preschool child* 
Exposure Terms - air pollution OR ambient air pollution OR household air pollution OR indoor air pollution OR PM2.5 OR PM10 OR biomass OR solid fuel OR particulate matter or PM or CO or CO2 or NO2. 
Comparison Terms - clean fuel or low exposure or non-exposed or less polluted or cleaner household fuel 
Outcome Terms - “respiratory health” OR “respiratory illness” OR “acute respiratory infection” OR ARI OR “lower respiratory infection” OR asthma OR wheeze OR pneumonia OR “respiratory admission” OR mortality 
Context Terms - India OR Indian 

Final Search String
(child OR infant OR “under five” OR “under 5” OR “preschool child”) AND (“air pollution” OR “ambient air pollution” OR “household air pollution” OR “indoor air pollution” OR PM2.5 OR PM10 OR biomass OR “solid fuel” OR “particulate matter” OR NO2 OR CO OR CO2) AND (“respiratory health” OR “respiratory illness” OR “acute respiratory infection” OR ARI OR “lower respiratory infection” OR asthma OR wheeze OR pneumonia OR “respiratory admission” OR mortality) AND (India OR Indian)
[bookmark: _Toc229468324]3.5 Keywords
[bookmark: _Toc229468325]3.5.1 Importance of Keywords
Keywords are the fundamental concepts of a research topic and play a vital role in determining the relevant studies in electronic databases. In a systematic literature review, the right choice of keywords enhances accuracy and efficiency of the search process because it allows to obtain the relevant studies and reduce the number of irrelevant search results (Bettany-Saltikov, 2012).
[bookmark: _Toc229468326]3.5.2 Keywords Used in This Study
This study had its keywords based on the research question and the PECO framework to cover the topic comprehensively.
Keywords were:
air pollution, ambient air pollution, household air pollution, indoor air pollution, particulate matter, PM2.5, PM10, NO2, CO, CO2, biomass, solid fuel, children under five, infant, respiratory health, respiratory illness, acute respiratory infection (ARI), asthma, wheeze, pneumonia, lower respiratory infection, India.  
These keywords and their variations were combined using Boolean operators to conduct a systematic and comprehensive search across databases.

[bookmark: _Toc229468327]3.6 Databases
[bookmark: _Toc229468328]3.6.1 Search Process
A search was conducted in selected electronic databases using predefined search terms in order to find out studies that can be relevant to this research. The search was limited to studies investigating the association between air pollution and respiratory health in children below the age of five in India.
The first search results were filtered through titles and abstracts to determine relevance to the research question. Duplications were detected and eliminated to enhance accuracy and prevent repetition. The rest of the studies were then screened using the full-text on the basis of the predefined inclusion and exclusion criteria.
This systematic procedure guaranteed transparency, consistency and correspondence to the research goals.
[bookmark: _Toc229468329]3.6.2 Multiple Databases
Systematic literature reviews require the use of several databases to be able to cover all available studies in their area. Using one database can lead to the incomplete extraction of evidence (Booth et al., 2016).

Studies of various fields such as public health, environmental science and clinical research, can be found by searching in several databases. This method also assists to minimize publication bias and improves the reliability of the results in general.
[bookmark: _Toc229468330]3.6.3 Databases to Be Used in The Study
The databases utilized in this research were,
· PubMed - for biomedical and public health research.
· Web of Science - for multidisciplinary research.
· ScienceDirect - for full-text scientific articles.
· Google Scholar - for additional academic literature and grey literature.
Multiple databases were used to guarantee a thorough and systematic search of the literature on the subject.
Nevertheless, the number of results provided by Google Scholar is quite large, which may decrease the reproducibility of the search process. Thus, in order to achieve uniformity and control, the first 200 results were only screened because the relevance tends to decline beyond the first pages of the results.
The studies identified and screened using Google Scholar were numbered and included in the PRISMA flow diagram to provide transparency to the study selection process.
[bookmark: _Toc229468331]3.7 Inclusion and Exclusion Criteria
[bookmark: _Toc229468332]3.7.1 Definition and Importance
Systematic literature reviews must include and exclude criteria that help to select pertinent studies and provide consistency (Moher et al., 2009). These criteria are used to include only studies that explicitly answer the research question and eliminate irrelevant or poor research.
Predefined criteria allow minimizing bias and maximizing the reliability and transparency of the review.
[bookmark: _Toc229468333]3.7.2 The Criteria of This Study
[bookmark: _Toc227926172][bookmark: _Toc227329312]Inclusion and exclusion criteria were formulated according to the objectives of the research and the PECO framework. The inclusion criteria were that the studies had to be on children under the age of five in India, had to look at air pollution exposure and on respiratory health outcomes including the acute respiratory infections (ARI), asthma, wheezing/pneumonia.
Quantitative studies (either cross-sectional, cohort, ecological, modelling or hospital-based studies) published in English between 2010 and 2026 were considered. Articles that did not emphasize air pollution, were not carried out in India or failed to provide pertinent respiratory results were omitted. Further, the studies that were not provided in full-text were filtered out.
Though the review contains studies on the general paediatric populations, special focus was on respiratory outcomes (asthma and wheezing) which are indicative of chronic respiratory conditions.
[bookmark: _Toc228383652]Table 1 - Inclusion and Exclusion Criteria
	Criteria Category
	Inclusion Criteria
	Exclusion Criteria

	Population
	Children under five years in India 
	Adults or older children

	Exposure
	Air pollution (PM 2.5, PM 10, biomass, solid fuel, NO₂, CO, CO₂)
	Not related to air pollution

	Comparison
	Exposed vs low/no exposure
	No comparison

	Outcomes
	ARI, asthma, wheeze, pneumonia
	No respiratory outcomes

	Location
	India
	Not India

	Study Type
		



	Quantitative studies including cross-sectional, cohort, ecological, modelling and hospital-based studies



	Editorials, abstracts

	Language
	English
	Non-English

	Time Frame
	2010–2026
	Outside range

	Data
	Full-text available
	No full text



The criteria used made the study selection consistent and minimized the bias, which enhanced the dependability of the review (Moher et al., 2009)
[bookmark: _Toc229468334]3.8 Search Results
A large pool of research was first extracted in the databases of choice as per the search strategy. In the case of Google Scholar, the initial 200 results were filtered since the relevance tends to diminish after the first pages, and it enhances reliability and reproducibility.
Any records that were retrieved were pooled together and duplicate studies were eliminated. The rest of the studies were in turn filtered according to titles and abstracts to determine whether they were relevant to the research question. At this point, studies that failed to satisfy the inclusion criteria were filtered out.
The rest of the articles were then evaluated by full-text screening on the predefined inclusion and exclusion criteria. After this process, 17 studies were covered in the final review. Such studies brought in pertinent information regarding the connection between respiratory health outcomes and air pollution in children below five years of age in India.
The PRISMA framework is used to describe the study selection process and provide transparency and reproducibility to systematic reviews (Moher et al., 2009). The PRISMA flow diagram shows processes of identification, screening, eligibility and final inclusion of studies.


3.8.1 PRISMA Flow Diagram
Identification of studies via databases and registers


Records removed before screening,
Duplicate records removed (n = 170)

Records identified from databases,
PubMed (n=120)
Google scholar= (n=200)
Science direct (n=85)
Web of Science (n=95)
Total records identified (n=500)



Identification






Records screened
(n =330)
Records excluded
(n =210)





Reports sought for retrieval (full-text articles)
(n=120)
Reports not retrieved
(n = 20)


Screening



      Reports excluded (n = 83) 

Not focused on children under five (n = 20)
Inadequate statistical analysis or unclear methodology (n = 18)
Did not report respiratory health outcomes (n = 18)
Insufficient data reporting or incomplete results (n = 15)
Multi-country (LMIC) studies without India-specific analysis (n = 12)


Reports assessed for eligibility
(n=100)






Studies included in review
(n=17)


[bookmark: _Toc227925527][bookmark: _Toc227925579][bookmark: _Toc227925698]Included

[bookmark: _Toc228390862][bookmark: _Toc228390948]


Figure 3 - PRISMA Flow Diagram of Study Selection Process (PRISMA 2020)

[bookmark: _Toc229468335]3.9 Ethical Considerations
This study used a systematic literature review design based on secondary published data. Therefore, ethical approval was not required because no primary data were collected from human participants. Also, study did not involve any participants as it was conducted on secondary data and did not entail any direct interaction and data collection. The transparency, integrity and accountability in the research were maintained following the ethical standards (Resnik, 2018). This involved proper reporting of the methodology and findings in a clear and accurate manner, citation of all sources used and avoiding plagiarism. Predefined inclusion and exclusion criteria were also used to reduce bias and enhance credibility and reliability of the study.
[bookmark: _Toc229468336]3.10 Chapter Summary
This chapter has described the methodology employed in this systematic literature review, which involved formulation of a systematic search strategy that is based on PECO framework (Kitchenham, 2004; Petticrew and Roberts, 2006). Several databases were searched, such as PubMed, Web of Science, ScienceDirect and Google Scholar, and Google Scholar was narrowed down to the first 200 results to enhance reproducibility. Systematic selection of studies was done by inclusion and exclusion criteria. PRISMA framework contributed to increased transparency (Moher et al., 2009), and the ethical considerations of the study were adhered to by using secondary data and citing references (Resnik, 2018).



[bookmark: _Toc229468337]CHAPTER 4 - DATA EXTRACTION AND EVALUATION

[bookmark: _Toc229468338]4.1 Introduction to Chapter 
This chapter gives the data extraction and critical appraisal of the studies incorporated in this systematic literature review. It has reviewed seventeen quantitative studies to investigate the nature of the relationship between air pollution and respiratory health outcomes in children under five in India with particular pollutants (PM2.5 and PM10) and outcomes (ARI, asthma, wheezing and pneumonia).
This chapter evaluates the quality of the studies included, their strengths and limitations and then synthesises the findings in Chapter 5 to make sure that the conclusions made are informed by reliable evidence. The procedure of data extraction is described to show consistency and transparency. Moreover, a systematic critical appraisal methodology is used to assess the quality of methodology, validity and possible bias (Coughlan, Cronin and Ryan, 2007).
This assessment enhances the validity of the review and points out some of the critical shortcomings in the current literature, especially in children with chronic respiratory disease.
[bookmark: _Toc229468339]4.2 Data Extraction 
A systematic process of data extraction involves the process of collecting and organising the information of the studies that have been chosen to pursue a systematic literature review and facilitate systematic comparison and analysis (Petticrew and Roberts, 2006). This step improves transparency, uniformity and minimizes the possibility of bias among studies (Munn et al., 2018).
In this review, data extraction form was standardised and it was used to gather important data on the seventeen studies included in the review. The information extracted entailed the author and the year of publication of the study, the location of the study, the study design (Cross-sectional, cohort, ecological and hospital based), sample size and population characteristics.
The exposure variables were categorized as ambient air pollution (PM2.5 and PM10) and indoor air pollution related to solid fuels. Outcome measures were respiratory health measures like acute respiratory infections (ARI), asthma, wheezing and pneumonia in children aged below five years.
Most of the studies included used cross-sectional designs, whereas less number of studies used cohort and ecological studies. The assessment of exposure was generally made on the basis of the modelled or regional pollution data and the results were frequently based on self-reported or hospital-based data. ARI was the most common outcome followed by asthma, wheezing and pneumonia.
Further details, such as statistical approaches, major findings and limitations reported were also identified to facilitate the critical appraisal exercise. The systematized extraction strategy facilitated an apportionate comparison of studies and assisted in the discovery of important patterns. The complete dataset is given in Appendix A.
[bookmark: _Toc229468340]4.3 Critical Appraisal and Quality Assessment
Critical appraisal is a methodical approach that is applied to critically assess the validity, reliability and relevance of the research studies prior to their incorporation in a systematic review (Coughlan, Cronin and Ryan, 2007). It also entails the evaluation of the major methodological elements like the study design, sampling strategy, data collection procedures and statistical analysis in order to establish the strength of evidence.
Critical appraisal was required in this review because the study designs varied as there were cross-sectional, cohort, ecological and hospital-based studies. There are the advantages and disadvantages of each design. As an example, cross-sectional studies demonstrate the existence of associations but do not talk about causality; cohort studies are more resource-demanding but offer more evidence over time.
An organized appraisal methodology was used to evaluate the quality of the methodology and any possible sources of bias, such as misclassification of exposures, self-reported outcomes, and sampling. This helped in making sure that the review findings were founded on sound and methodological evidence.
This is the most essential process considering that there is emphasis on children with chronic respiratory conditions since methodological constraints could influence the definition of differential vulnerability among them.

[bookmark: _Toc229468341]4.4 Critical Appraisal Tools 
Critical appraisal instruments offer a systematic model to evaluate the quality of research studies and the methodological rigour. They guarantee uniformity and open-mindedness in assessment and promotes a stable synthesis of evidence (Coughlan, Cronin and Ryan, 2007).
All the quantitative studies included in this study were appraised in terms of the framework created by Coughlan, Cronin and Ryan (Coughlan, Cronin and Ryan, 2007). This tool was chosen as it can be used to assess various types of quantitative observational study designs such as cross-sectional, cohort, ecological and hospital-based studies, which are typically utilized in environmental health studies.
The framework evaluates the main methodological aspects, such as research objectives, research design, sampling, data collection, statistical analysis and ethical issues.
Other appraisal instruments were an option. Two typical tools are the Critical Appraisal Skills Programme (CASP) and the Newcastle-Ottawa Scale (NOS), which are more applicable to particular study designs (cohort or case-control studies) and not mixed observational designs. Equally, Mixed Methods Appraisal Tool (MMAT) and AMSTAR 2 are meant to be used in mixed-methods research and systematic reviews, respectively, and hence they could not be used in this review.
Conversely, the Coughlan et al. framework enables a uniform assessment of various quantitative study designs hence it is more suitable to the studies that are included.
A structured judgement system (Yes, Partial or No) was applied to each study where Yes meant that the criterion was fully met, Partial meant that there was limited or unclear reporting and no meant that there was no meeting of the criterion.
This framework was used to guarantee a systematic and objective assessment of the quality of the studies and a critical assessment of the overall evidence base (Greenhalgh, 2019).
[bookmark: _Toc229468342] 4.5 Assessment of Quantitative Studies
Here, the critical appraisal of the seventeen quantitative studies incorporated in this systematic literature review is presented. The appraisal was performed in terms of the framework created by Coughlan, Cronin and Ryan (2007) and which assesses the methodological quality, validity and reliability of the main components of the research (research aims, research design, sampling strategy, data collection methods, ethical considerations and statistical analysis).
Studies in the included studies had a variety of quantitative designs, which included cross-sectional, cohort, ecological and hospital-based studies. The strategies offer valuable estimates of the association between respiratory health outcomes and air pollution to children under the age of five years in India. The level of evidence is however different in different types of studies. Cross sectional studies are good in establishing associations but not causality since there is no time ordering. Conversely, cohort and incidence-based studies provide more solid evidence of time-related associations; however, their application is not as widespread because of resource limitations.
The judgement system was structured to evaluate each study (Yes, Partial or No). Yes, was a response that said that the criterion was met well, partial was a response that said that it was addressed or not well, and no was a response that said that the criterion was not met. This method helped to provide uniformity and openness in assessing the quality of methods.

[bookmark: _Toc229468343]4.5.1 Per-Study Critical Appraisal 
Adhikary et al. (2024)
Adhikary et al. (2024) investigated the relationship between respiratory morbidity and PM2.5 exposure in children below five years old using nationally representative data. The researchers found out that there was a significant dose response, with high levels of exposure linked to the risk of developing respiratory disease. One of the strengths of the study is the use of the sophisticated statistical modelling methods, which enhance internal validity and enhance the trustworthiness of the results. Nevertheless, the research is based on secondary data sources and caregiver-reported outcomes, which can bring about possible reporting bias. Additionally, limitations in controlling all confounding variables also restrict causal interpretation. This notwithstanding, the study offers good evidence in support of the relationship that exists between air pollution and respiratory outcomes
George et al. (2023)
George et al. (2023) performed a cross-sectional study with national-level data to investigate the connection between air pollution and child respiratory health. The research has a significant sample size and a wide geographical area, which increases the generalisability. Exposure assessment was however conducted using modelled environmental data instead of individual level measurements which increases the chances of exposure being misclassified. Moreover, the cross-sectional nature does not allow determining causality. However, the results indicate a stable relationship between exposure to air pollution and higher incidence of acute respiratory infections (ARI).

Chaudhary et al. (2023)
Chaudhary et al. (2023) examined the association between the exposure to particulate matter and child health outcomes through a multivariate regression analysis. The authors were successful in controlling various socio-demographic confounding variables that enhances internal validity. Nevertheless, temporal sequencing is missing, and aggregated exposure data are used, which restricts causal inference and decreases the accuracy of exposure measurements. The limitations notwithstanding, the study provides useful evidence that there is a correlation between air pollution and respiratory illness.

Malamardi et al. (2023)
Malamardi et al. (2023) examined how ambient air pollution affects hospital admissions due to asthma and lower respiratory infections in which the patient presents with wheezing. The study has a strength in that it used clinically diagnosed outcomes, which increases validity as opposed to self-reported outcomes. The result of the study indicated that there was a high rise in hospitalization when the pollution was high; this indicated a direct health effect. But the small sample size and single-centre design restrict generalisability. Also, hospital-based data can be biased in terms of selection since they are likely to reflect cases of more severity.

Das and Das (2023)
Das and Das (2023) studied the relationship between respiratory outcomes and household air pollution in children below five years old. It was noted in the study that solid fuels greatly contribute to the risk of respiratory disease. One of the strengths is that it targets household level exposure, which is especially important in low-income and rural environments. Nevertheless, the evaluation of exposure was done on proxy indicators like type of fuel as opposed to measuring the actual pollutant, which could diminish accuracy. Also, the observational design provides a constraint to causally determine relationships.

Balasubramani et al. (2022)
A spatial epidemiology study by Balasubramani et al. (2022) was aimed at analyzing the geographical distribution of acute respiratory infections in connection to air pollution exposure. Another methodological strength is the use of spatial analysis which enables the identification of high-risk clusters. Nevertheless, the research has an ecological fallacy as the relationship between the two may not be reflective of risk at the individual level. This restricts the accuracy of interpretation, especially in the evaluation of direct exposure outcome relations.

Kakkad et al. (2022)
Kakkad et al. (2022) examined seasonal changes in respiratory hospitalisations and their correlation with the air pollution levels. The researchers discovered that when the level of pollution was high, there were higher hospital admissions especially during winter. This gives helpful temporal information on the exposure of pollution and health outcomes. But seasonal confounders like temperature, humidity and viral infections can also affect outcomes and it is hard to distinguish the impact of air pollution alone.
Odo et al. (2022)
Odo et al. (2022) carried out a systematic review of the association between air pollution and acute respiratory infections (ARI) in children under five years living in LMICs, India being one of them. The researchers established a stable positive correlation between ARI risk and exposure to pollutants. It has a strength of a wide evidence base, which enhances generalisability. Nevertheless, causal interpretation is hampered by heterogeneity in study techniques and use of observational data.

Daniel et al. (2022)
Daniel et al. (2022) performed a systematic review and meta-analysis of the prevalence of asthma among children in India and its correlation with the environment. The researchers indicated that the prevalence of asthma was high and the air pollution was found to be a major risk factor. One of the strengths is that it uses pooled analysis and this makes it more reliable. Nevertheless, the diversity in research studies and indirect assessment of exposure restricts causal inferences.

Sastry et al. (2021)
Sastry et al. (2021) investigated the prevalence of respiratory symptoms and wheezing in preschool children. The paper identifies the persistence of young children to respiratory diseases. An advantage of the study is that it concentrated on early childhood respiratory symptoms, which are not always reported. Nevertheless, the use of caregiver-reported outcomes establishes a bias of recall and the cross-sectional design does not allow the causal inference.

Mahapatra et al. (2020)
Mahapatra et al. (2020) utilized NFHS data to examine the association of respiratory illness among children according to the environmental determinants. The high number of participants and national coverage are its strong points, improving the generalisability. The application of self-reported ARI symptoms, however, is associated with recall bias, whereas exposure assessment using regional pollution estimates decreases accuracy. These could impact the credibility of the results, but the research does provide valuable evidence of correlation.

Roy et al. (2020)
Roy et al. (2020) examined the relationship between exposure to PM2.5 and the death of children to lower respiratory infections through modelling techniques. The paper has the advantages of high data volumes and sophisticated modelling tools, which are useful in making population-wide estimates. Nonetheless, modelling studies rely on assumptions and proxy measures of exposures, which can bring in uncertainties. Consequently, the results are to be taken with caution and supplemented by epidemiological evidence.
Adaji et al. (2020)
Adaji et al. (2020) studied the relationship between air pollution in households and child pneumonia. The study indicated a significant association between indoor air pollution exposure and high risk of pneumonia in children below the age of five. This emphasis on a particular clinical outcome is also a major strength because it offers a more specific evidence. The study is observational though which restricts the ability to draw causal inferences. Besides this, there is a possibility of potential confounding factors like socioeconomic status, nutrition, and access to healthcare which might affect the findings.

Ramani et al. (2016)
Ramani et al. (2016) worked on an incidence-based research on the risk factors of acute respiratory infections among children. Longitudinal design constitutes an important methodological strength, as it has more strong evidence in terms of time in comparison to cross-sectional studies. The research found indoor pollution and overcrowding as significant risk factors. Limitations do exist though, such as the lack of sufficient geographic coverage and the risk of the loss to follow-up thereby lowering the generalisability.

Kumar et al. (2015)
Kumar et al. (2015) examined the correlation between asthma in children and indoor air pollution in Delhi. The researchers found that there was a strong relationship between indoor pollutant exposure and high incidence of asthma. This shows that indoor environmental factors are important in respiratory health. The study was, however, based on the self-reported measures of exposure and the sample size was rather small which restricts reliability and generalisability.

Siddique et al. (2010)
The article by Siddique et al. (2010) investigated how the use of solid fuels affects the severe respiratory disease in children. The researchers discovered that children who were exposed to solid fuels air pollution in the homes were in a much risk of respiratory disease. One of its strengths lies in the fact that it targets a primary source of exposure in low- and middle-income environments. Nevertheless, the use of exposure assessment using household factors instead of direct measurement decreases the accuracy and can result in misclassification.

Naz et al. (2015)
Naz et al. (2015) investigated how household air pollution is related to child respiratory outcomes. The research indicated that there were higher chances of respiratory disease among the children who had been exposed to biomass fuel combustion. Although the study has presented valuable evidence of indoor pollution, exposure using proxy indicators and the observational design restricts causal interpretation.
[bookmark: _Toc229468344]4.5.2 Critical Appraisal Synthesis
The analytical review of the seventeen quantitative studies reveals a common trend in the results, as well as key methodological strengths and weaknesses. In general, the available evidence base supports well and uniformly, an association between the exposure to air pollution, especially particulate matter (PM2.5 and PM10) and the negative respiratory health outcome in children under the age of five years. The consequences of this are acute respiratory infections (ARI), asthma, wheezing, and pneumonia.
The consistency of findings was a significant strength of the included studies because the study designs and settings were different. Big data national studies (George et al., 2023; Adhikary et al., 2024; Roy et al., 2020) are robust and generalisable, whereas smaller and hospital-based studies are more clinical in nature. Moreover, most studies used suitable statistical methods e.g., multivariate regression models, to adjust confounding factors, thus enhancing internal validity.
Nevertheless, there are some crucial methodological weaknesses to be taken into account. Most of the studies were also cross-sectional designs, which are effective in determination of associations, but not causal relationships since it lacks time sequencing. Consequently, the relationship between air pollution and respiratory outcomes is well established, but there is little causal certainty.
The other major limitation found in the studies is exposure misclassification. Most of the studies have used the modelled or regional air pollution data instead of measurements of individual-level exposure. This decreases the precision of exposure assessment and can cause measurement bias. Likewise, a number of studies involved caregiver-reported health outcomes that could have resulted in recall and reporting bias (Mahapatra et al., 2020).
The results of the hospital-based studies were clinically validated, thus, increasing reliability. Nevertheless, these studies were frequently constrained by smaller sample sizes and a risk of selection bias as they are more likely to represent more severe cases and may not be representative of the population at large.
Notably, there was a large disparity noted regarding children having chronic respiratory conditions. Even though in a few studies asthma and wheezing were reported, there were very limited studies that specifically targeted children with pre-existing chronic conditions as a distinct subgroup. This impairs the possibility of determining the difference in susceptibility and the potential of air pollution to impact on children with respiratory conditions disproportionately.
Generally, the level of evidence could be described as moderate to strong. The agreement in the results of numerous studies contributes to a strong correlation between respiratory health outcomes and air pollution. Nevertheless, the study design, exposure measurement, and failure to focus on chronic respiratory conditions provide limitations to the causes. These gaps indicate the necessity of additional research and explain why the current study is of interest.

[bookmark: _Toc229468345]4.6 Chapter Summary 
The chapter provided information on the extraction and critical evaluation of seventeen quantitative studies of the relationship between air pollution and respiratory health of children under the age of five in India. The data extraction procedure was organised to provide uniformity and transparency, whereas the systematic review of the quality of the studies was possible with the help of the Coughlan, Cronin and Ryan (2007) framework and a well-defined system of judgements (Yes, Partial, No).
The review revealed the same evidence across studies that indicated that there was a relationship between exposure to air pollution, especially particulate matter and the negative respiratory outcomes, which included acute respiratory infections, asthma, wheezing and pneumonia. The use of large national datasets and the appropriate statistics are strengths of the evidence. Nevertheless, some limitations were identified, such as the use of cross-sectional designs, modelled or proxy exposure measures, as well as self-reported health outcomes, which limit the use of causal inferences.
There was also a huge gap that was found concerning children with chronic respiratory conditions because this group was not specifically tested in most studies.
On the whole, evidence base may be considered as moderate to strong. These results have a basis on Chapter 5, where the results will be synthesised into a critical analysis of the research question.



[bookmark: _Toc229468346][bookmark: _Hlk155967668]CHAPTER 5 - DATA ANALYSIS AND SYNTHESIS

[bookmark: _Toc229468347]5.1 Introduction to Chapter
The chapter provides the data analysis and synthesis of the findings of the 17 studies that were included in this systematic literature review on air pollution and respiratory health of children under five in India. Continuing with the critical appraisal in Chapter 4, this chapter uses the thematic analysis method to detect and explain patterns in the included studies. The synthesis targets such important areas as ambient and household air pollution, respiratory health outcomes, and vulnerability of young children. Past studies have continually indicated that exposure to particulate matter and respiratory disease are linked in children below five years of age (George et al., 2023; Adhikary et al., 2024). Through a systematic review and comparison of the results of the studies, this chapter will help establish a logical picture of the connection between air pollution and respiratory health, as well as unearth gaps in the current body of knowledge.
[bookmark: _Toc229468348]5.2 Thematic Analysis 
Thematic analysis is a procedure of identifying, analysing, and interpreting patterns or themes in a data set. It is usually used in qualitative studies, though can be modified to fit systematic literature reviews to combine the results of quantitative and observational research. Thematic analysis was employed as a form of narrative synthesis in this review to systematise and make sense of the evidence in the included studies. This methodology allowed the detection of some common patterns in the association between air pollution and respiratory health outcomes in children below five years of age. The thematic analysis is suitable in this study because the study designs and outcomes are heterogeneous (Braun and Clarke, 2006).
[bookmark: _Toc229468349]5.3 Data Analysis Tool
The thematic analysis framework was applied in the data analysis of this study as it offers a systematic and adaptable method of identifying and categorising themes in data (Braun and Clarke, 2006). As a qualitative research framework, this one was modified to apply to this systematic literature review to synthesise the results of both quantitative and observational studies. These were the familiarisation of the extracted data, coding of the most important findings, identification of patterns across the studies and the generation of overarching themes and sub-themes. Such a systematic method made the synthesis of the evidence clear and consistent and allowed the comparison of studies and justified the interpretation of results in connection with the research question
[bookmark: _Toc229468350]5.4 Characteristics of Identified Studies
This literature review was systematic and covered 17 studies with most studies being carried out in India with a few studies covering general evidence of low and middle-income countries (LMICs) that apply to the context of India (Odo et al., 2022). The primary concern of investigations of outdoor air or ambient air pollution was exposure to PM2.5 and PM10 (George et al., 2023; Mahapatra et al., 2020; Balasubramani et al., 2022; Chaudhary et al., 2023; Adhikary et al., 2024; Malamardi et al., 2023). The studies of the indoor or household air pollution were primarily limited to biomass fuel utilization, inadequate ventilation and exposure to household smoke (Kumar et al., 2015; Tielsch et al., 2021; Naz et al., 2015; Adaji et al., 2020). A majority of the studies employed quantitative observational designs (especially, cross-sectional designs), but ecological, hospital-based, cohort, and modelling designs were also represented (Mahapatra et al., 2020; Kumar et al., 2015; George et al., 2023; Balasubramani et al., 2022; Roy et al., 2020). The largest sample size and Malamardi et al. reported the smallest sample size, the hospital-based study (George et al., 2023; Malamardi et al., 2023). Acute respiratory infection (ARI), asthma, wheezing, pneumonia, hospitalisation and mortality were the primary respiratory outcomes identified in the studies (Adhikary et al., 2024; Malamardi et al., 2023) (see Appendix B).
[bookmark: _Toc227329313][bookmark: _Toc229468351]5.5 Emerging Themes from Included Studies

[bookmark: _Toc228383653]Table 2 - Identified Themes and Supporting Studies
	Theme
	Sub-themes
	Supporting Studies

	Impact of Ambient Air Pollution on Respiratory Health
	Particulate matter exposure (PM2.5 & PM10)
	(George et al., 2023; Adhikary et al., 2024; Mahapatra et al., 2020; Malamardi et al., 2023)

	
	Dose–response relationship
	(Adhikary et al., 2024; George et al., 2023)

	
	Seasonal variation
	(Kakkad et al., 2022; Malamardi et al., 2023)

	Household Air Pollution and Indoor Environmental Risk
	Biomass fuel use
	(Naz et al., 2015; Adaji et al., 2020; Das and Das, 2023)

	
	[bookmark: _Hlk227254319]Indoor smoke exposure
	(Kumar et al., 2015; Naz et al., 2015)

	
	Poor ventilation and overcrowding
	(Ramani et al., 2016; Ramagopal et al., 2021; Das and Das, 2023)

	[bookmark: _Hlk227254128]Respiratory Health Outcomes in Children
	Respiratory conditions (ARI, asthma, wheezing)
	(George et al., 2023; Adhikary et al., 2024; Daniel et al., 2022; Ramagopal et al., 2021; Naz et al., 2015)

	
	Hospital admissions
	(Malamardi et al., 2023; Daniel et al., 2022)

	
	Mortality
	(Roy et al., 2020; Odo et al., 2022)

	Vulnerability and Socio-Environmental Factors
	Socioeconomic status
	(George et al., 2023; Mahapatra et al., 2020)

	
	Rural–urban disparities
	(Kumar et al., 2015; Adaji et al., 2020)

	
	Environmental inequality
	(Balasubramani et al., 2022; Odo et al., 2022)

	
	Healthcare access
	(Ramani et al., 2016; Balasubramani et al., 2022; Daniel et al., 2022; Adaji et al., 2020; Naz et al., 2015)





[bookmark: _Toc228390863][bookmark: _Toc228390949]Figure 4 - Prevalence of Respiratory Outcomes in Children Under Five in India
Source: Author’s own compilation based on included studies (e.g., Adhikary et al., 2024; George et al., 2023; Daniel et al., 2022; Mahapatra et al., 2020; Malamardi et al., 2023)

Figure 4 shows the distribution of the most frequent respiratory health outcomes found in studies examined. Acute respiratory infections (ARI) has the greatest prevalence with up to 27% and then asthma is 7.9%. Both acute and chronic respiratory burden were also common as wheezing and hospitalisation were frequently reported among children under five who were exposed to air pollution.
[bookmark: _Toc229468352]5.5.1 Theme 1 - Impact of Ambient Air Pollution on Respiratory Health

This theme will be used to discuss the effects of ambient air pollution on respiratory health outcomes in children below the age of five years in India. In the studies included there was a uniform relationship between exposure to ambient air pollutants and respiratory morbidity. The evidence primarily centered on the exposure to particulate matter, dose-response, and seasonality of pollution levels. Collectively, these sub-themes reveal the role of ambient air pollution in causing respiratory diseases in young children and predisposing them to negative respiratory consequences.

Sub-Theme 1 - Particulate Matter Exposure (PM2.5 and PM10)
Particulate matter (PM) and PM2.5, PM10, in particular, was also revealed to be a major determinant of respiratory health outcomes in children below the age of five. Some of the studies have indicated that higher levels of exposure to particulate matter were linked to high rates of acute respiratory infections (ARI), asthma, wheezing, and illnesses of the lower respiratory tract (George et al., 2023; Adhikary et al., 2024). The exposure to PM2.5 was most likely linked to respiratory symptoms and greater risk of disease due to the ability of small-sized particles to enter the respiratory tract further (Mahapatra et al., 2020). Likewise, the exposure of PM10 was associated with respiratory morbidity, particularly in the city and highly polluted areas (Malamardi et al., 2023).
The results in the studies showed a significant level of consistency which reinforced the fact that particulate matter is a significant environmental risk factor in child respiratory diseases. However, differences in exposure assessment methods may have affected the strength of reported associations. Some of the studies used regional- or modelled pollution estimates, rather than exposure measurements at the individual level, potentially leading to misclassification of exposure and decreased accuracy (Mahapatra et al., 2020). Though these are methodological limitations, the general trend of findings was similar between studies.

Sub-Theme 2 - Dose–Response Relationship
The other significant observation that was made in the literature was that there existed a dose-response association between exposure to particulate matter and respiratory health outcomes. Research revealed that a greater exposure to air pollution was correlated with increased risks of respiratory disease in children (Adhikary et al., 2024; George et al., 2023). This trend enhances the chances of a causal relationship since respiratory morbidity rose in a progressive manner as the levels of pollution exposure rose.
The studies included provided a good evidence base of dose-response relationship, indicating that the greater exposure to PM2.5, the higher the respiratory morbidity of children under five (Adhikary et al., 2024). The results reinforce biological plausibility since the risk of respiratory increased with the level of pollution exposure. They also reported widespread exposure of children to unhealthy levels of PM2.5 in India, which further underlines the importance of ambient air pollution to the general child population in terms of public health (George et al., 2023).
Nevertheless, most of them utilized either cross-sectional, ecological, or observational study designs, which are capable of identifying associations, but not establishing causality since exposure and health outcomes were typically measured at the same time (Mahapatra et al., 2020; Balasubramani et al., 2022). Comparability across studies can also be impacted by variations in exposure measurement methods and population characteristics (Adhikary et al., 2024). However, the evidence was always that the exposure to particulate matter is increasing that leads to the aggravation of respiratory outcomes.

Sub-Theme 3 - Seasonal Variation
A seasonal change was also found to be a significant factor in the respiratory health outcome related to ambient air pollution. Research indicated that pollution tended to rise during the winter seasons leading to higher respiratory morbidity among children below five years of age (Kakkad et al., 2022). The increased respiratory symptoms and hospitalization were also linked to higher levels of particulate matter during colder seasons (Malamardi et al., 2023).
These results indicate that seasonal and environmental conditions play an important role in shaping the respiratory effects of ambient air pollution. Even though seasonal influences could differ depending on geographical areas and climatic conditions, it was always shown that there was a higher morbidity of respiratory problems when the pollution was high. Kids who already have some respiratory health problems, such as asthma and frequent wheezing, might be especially susceptible to such seasonal pollution elevations (Malamardi et al., 2023; Daniel et al., 2022). The total results indicate a robust and uniform relationship between the exposure of respiratory health outcomes and ambient air pollution in children below the age of five years in India.

[bookmark: _Toc229468353]5.5.2 Theme 2 - Household Air Pollution and Indoor Environmental Risk 

This theme explores how household air pollution and indoor environmental factors affect respiratory health outcomes of children aged less than five years in India. The studies contained in it proved continuously that the sources of indoor pollution related to the use of fuels and housing conditions are the major factors that enhance the risk of respiratory illness. The main sub-themes identified were biomass fuel use, indoor smoke exposure, and poor ventilation and overcrowding. The indoor exposure can be longer and more concentrated than the outdoor exposure especially in low-income households where the children spend much time in the polluted interiors.

Sub-Theme 1 - Biomass Fuel Use
The burning of biomass fuels like wood, dung and crop residues was repeatedly cited as a primary source of indoor air pollution. A number of reports indicated that children in solid-fuel-using households were much more vulnerable to acute respiratory infections (ARI), pneumonia, and other respiratory diseases (Naz et al., 2015; Adaji et al., 2020). The burning of biomass fuels was also linked to the development of respiratory symptoms and severity of the illness in young children due to the constant exposure to smoke emissions (Das and Das, 2023).
The results showed steady evidence of the studies, which revealed that the use of biomass fuel is one of the key determinants of respiratory morbidity among the under-five children. Yet, the acuity of health impacts can be different based on the type of fuel consumed, length of exposure and socioeconomic status in households.

Sub-Theme 2 - Indoor Smoke Exposure
Exposure to indoor smoke due to cooking activities and tobacco smoking was also found to be an important factor that contributed to respiratory morbidity. Children were linked to asthma and wheezing among other respiratory symptoms caused by long-term exposure to indoor smoke (Kumar et al., 2015). On the same note, the exposure to household tobacco smoke was associated with higher risks of respiratory infection and chronic respiratory symptoms (Naz et al., 2015).
The children who were exposed to several indoor pollutants had a higher burden of respiratory illness, especially those with respiratory diseases like asthma and frequent wheezing (Kumar et al., 2015). Household air pollution can be more controllable at the household level (as opposed to ambient outdoor pollution) through the use of cleaner cooking fuels, better ventilation, and minimization of indoor smoking exposure. This is indicative of the significance of public health interventions at the household level in minimizing respiratory morbidity among children below the age of five years.
Sub-Theme 3 - Poor Ventilation and Overcrowding 
The factors that were found to be significant sources of exposure to indoor air pollution were poor ventilation and overcrowding. There were indications that poor ventilation enhances the accumulation of indoor pollutants hence exposing children to high levels (Ramani et al., 2016). Similarly, crowded housing conditions were linked to the spread of respiratory infections and extended exposures to indoor pollutants (Ramagopal et al., 2021).
These findings highlight the importance of housing quality in determining respiratory health outcomes. Nevertheless, a number of studies used proxy measures like the type of housing and self-reported household conditions, which can decrease the quality of exposure assessment (Ramani et al., 2016). The implications of the findings are that household air pollution is a major contributor to respiratory morbidity in children under five years in India and that household and public health interventions are important.

[bookmark: _Toc229468354]5.5.3 Theme 3 - Respiratory Health Outcomes in Children

This theme explores the primary respiratory morbidity that is related to air pollution exposure in children less than five years old in India. The analyzed literature revealed that air pollution (both ambient and indoor) leads to respiratory morbidity and mortality. The main sub-themes identified were respiratory conditions, hospital admissions, and mortality. These consequences represent both acute respiratory, including acute respiratory infections (ARI) and pneumonia, and chronic respiratory susceptibility, such as asthma and frequent wheezing.
Sub-Theme 1 - Respiratory Conditions (ARI, Asthma, Wheezing)
ARI, asthma, and wheezing were the most frequently reported respiratory outcomes of the included studies. There was an indication that the exposure to air pollution was always linked to respiratory illness in under-five children (George et al., 2023; Adhikary et al., 2024). The growth of PM exposure was also associated with more respiratory symptoms and infections in urban and rural communities (Mahapatra et al., 2020).
Though ARI was the most common reported outcome, asthma and recurrent wheezing are of special significance to this review since they signify chronic respiratory susceptibility. Research indicated that children who were exposed to ambient and indoor pollution had an increased prevalence of asthma and wheezing symptoms (Daniel et al., 2022; Ramagopal et al., 2021). Nevertheless, not many studies distinguished children with pre-existing asthma or frequent wheezing and the general under-five population, restricting the insights into the impact of pollution on children who are already at the chronic risk (Kumar et al., 2015; Daniel et al., 2022). Comparability between studies may also be impacted by differences in diagnostic criteria and symptom measurement (Naz et al., 2015).

Sub-Theme 2 - Hospital Admissions
Clinical evidence of the degree of pollution health outcomes through hospital admissions on respiratory illness is important. Some of the studies found that increased levels of particulate matter were linked to the increased hospitalisation with asthma, lower respiratory infection that causes wheezing, and other respiratory illnesses (Malamardi et al., 2023). Greater exposure to pollution was associated with more healthcare utilization and deterioration of respiratory symptoms as well (Daniel et al., 2022).
These results indicate that air pollution is not only a cause of respiratory morbidity but it also burdens the healthcare services. Hospitalisation data are especially crucial in that they indicate more dire outcomes of diseases. Nonetheless, hospital-based data might be biased towards the more severe cases and may not be a complete depiction of the milder respiratory illness in the community.
Sub-Theme 3 - Mortality
Death is the worst respiratory event associated with exposure to air pollution in children under five years of age. It was demonstrated that deaths due to lower respiratory infections were caused by ambient and household air pollution in this population (Roy et al., 2020). Extended data on the low- and middle-income nations also proved that air pollution is a significant factor in child mortality (Odo et al., 2022).
Despite the usefulness of mortality evidence at the population level, most estimates are through modelling methods that might incorporate uncertainty in both exposure and outcome measurement. However, these results indicate the grave consequences of air pollution on child survival.
The results, on the whole, show that respiratory outcomes of under-five children in India are largely influenced by air pollution. ARI and pneumonia are significant acute outcomes, whereas asthma and frequent wheezing indicate chronic respiratory susceptibility. Nevertheless, a lack of segregation of chronically vulnerable children with the general population is still a significant gap in evidence.

[bookmark: _Toc229468355]5.5.4 Theme 4 - Vulnerability and Socio-Environmental Factors

This theme examines the relationships between air pollution exposure and respiratory health outcomes of children under five years in India in terms of vulnerability and socio-environmental factors. The data indicate that the impact of air pollution is not uniform, with exposure and health outcomes due to broader social, economic, and environmental circumstances. The main sub-themes identified were socioeconomic status, rural–urban disparities, environmental inequality, and healthcare access. These contribute to the exposure to the level of pollution and the family capacity to react to the respiratory health hazards.

Sub-Theme 1 - Socioeconomic Status

The socioeconomic status was repeatedly found to be a significant determinant of susceptibility to air pollution exposure and respiratory disease. Low-income households had increased exposure to household and ambient air pollution due to poor housing, consumption of polluting fuels, and poor access to cleaner living conditions, which were more likely to affect children (George et al., 2023; Mahapatra et al., 2020). The socioeconomic disadvantage was linked to the risk of respiratory diseases, such as acute respiratory infections, because of the lack of access to clean energy and better quality of household conditions (Adhikary et al., 2024).
These results indicate that poverty exposes and makes one vulnerable. Low-income households also might not have the means to implement protective measures, including cleaner fuels, better ventilation, or access to healthcare as soon as it is needed. Nonetheless, variations in measurement of socioeconomic status among studies can lead to discrepancies in findings.


Sub-Theme 2 - Rural–Urban Disparities
Rural-urban inequalities were found to be also critical factors in determining the exposure patterns and respiratory health outcomes. In rural communities, children had higher risks of being exposed to household air pollution due to the use of biomass fuels and worse household infrastructure (Kumar et al., 2015; Adaji et al., 2020). Contrastingly, urban children had a greater risk of exposure to ambient pollution due to traffic emissions, industrial activity, and increased population density (Malamardi et al., 2023; Kakkad et al., 2022).
These contrasts indicate that the respiratory hazards are setting specific. The rural children will have a higher exposure to indoor pollution, and the urban children will have a higher exposure to the outdoor PM. Rural-urban differences are however associated with socioeconomic factors thus it is challenging to isolate the independent impacts of location and poverty. Thus, planning of public health interventions against air pollution-related respiratory illness should take both rural and urban settings into account.

Sub-Theme 3 - Environmental Inequality
Another significant determinant of unequal exposure to air pollution was environmental inequality. It was shown that the poorer populations tend to reside in places with much more pollution and have fewer resources to mitigate the exposure (Balasubramani et al., 2022). Broader evidence of LMIC further indicates that the risk of environmental hazards is not distributed evenly, resulting in a higher disease burden in the vulnerable population (Odo et al., 2022).
These results illustrate how structural inequality contributes to the respiratory health outcomes. Children in poor neighborhoods could have a combination of risks, such as contaminated air, inadequate housing, inaccessible clean fuel, and medical opportunities. Nevertheless, some of the studies used aggregated data, which can restrict the comprehension of the individual exposure and inequality.

Sub-Theme 4 - Healthcare Access
The access to healthcare was found to be a significant yet less significant sub-theme than socioeconomic status, rural-urban disparity, and the environmental inequality. The lack of access to early diagnosis and treatment can help to develop respiratory disease, especially in resource-deprived contexts (Ramani et al., 2016). The regional disparities in respiratory health outcomes could also indicate disparities in healthcare access and access to services (Balasubramani et al., 2022; Daniel et al., 2022).
Nevertheless, in comparison to the other sub-themes, the direct evidence of healthcare access was weaker since not many studies in the sub-themes measured it as the main variable. Thus, its contribution can be seen as a significant yet indirect impact on breathing outcomes. A significant portion of the evidence was based on the socioeconomic disadvantage, the geographical difference, and delayed care among less fortunate households (Naz et al., 2015; Adaji et al., 2020). This is a major evidence gap because the correlation between environmental exposure and access to the health system is not well researched. Indicators of healthcare access should be incorporated into the future research to have a better idea of how health systems can mitigate or exacerbate the impact of air pollution on chronically vulnerable children.

[bookmark: _Toc229468356]5.6 Chapter Summary

Thematic analysis was used to summarise the findings of the 17 included studies in the chapter. It was found that four key themes were identified; Impact of Ambient Air Pollution on Respiratory Health, Household Air Pollution and Indoor Environmental Risk, Respiratory Health Outcomes in Children, and Vulnerability and Socio-Environmental Factors. The results indicated that there were stable correlations between ambient and household air pollution and poor respiratory health outcomes in children below the age of five in India. Powerful trends were observed among various study designs, especially the exposure to particulate matter and acute respiratory infections, asthma, wheezing, hospitalisation, and mortality. But the majority of the studies that were included were observational which does not allow one to make direct causal connections. Moreover, there was a paucity of evidence specifically on children with pre-existing chronic respiratory diseases including asthma and frequent wheezing. This is a significant knowledge gap in the literature reviewed. These findings will be critically discussed in the next chapter in light of broader evidence and implications to the wider public health practice and policy.

[bookmark: _Toc229468357]CHAPTER 6 - DISCUSSION

[bookmark: _Toc229468358]6.1 Introduction
This chapter is a critical discussion of the findings in Chapter 5 with reference to the research question and objectives of this systematic literature review. The discussion will be structured around four major areas, which include the ambient air pollution, household air pollution, respiratory health outcomes, and socio-environmental vulnerability among children under five in India. The chapter contrasts the findings with broader national and international evidence to determine consistency, differences, and strength of evidence (World Health Organization, 2021; Health Effects Institute, 2020). It also takes into consideration methodological constraints in the included studies and implications on public health practice, policy and future research
[bookmark: _Toc229468359]6.2 Key Findings Discussion
In this section, we critically present the important findings of the systematic literature review concerning current evidence. Its structure is based on the four themes that are found in Chapter 5. The results are contrasted with the broader literature to measure consistency, dissimilarity and consequences of the study on comprehending the connection among air pollution and respiratory health results in children under five years of age in India.

[bookmark: _Toc229468360]6.2.1 Key Finding 1- Impact of Ambient Air Pollution on Respiratory Health
Among the main results of this review, it was identified that the ambient air pollution, especially the exposure to particulate matter, i.e., PM2.5 and PM10, was closely correlated with respiratory morbidity in children under five in India. There was an increased risk of acute respiratory infections (ARI), asthma, wheezing, and lower respiratory symptoms in relation to increased exposure to particulate matter (George et al., 2023; Adhikary et al., 2024). This conclusion is directly linked to the objective of the review since it indicates that ambient air pollution is a cause of both acute and chronic respiratory health effects on young children.
Though much of the evidence was dedicated to the population of under five, the results are especially applicable to children with chronic breathing issues like asthma and wheezing. Young children who already have inflammation of the airways might be more susceptible to the effects of particulate matter, which puts them at risk of worsening symptoms and respiratory events (Malamardi et al., 2023; Daniel et al., 2022). This increases the applicability of the exposure of ambient pollution to chronically susceptible children, even though direct subgroup confirmation is sparse.
The conclusion is also informed by broader evidence which recognizes ambient air pollution as one of the leading environmental risk factors of childhood respiratory disease around the world (World Health Organization, 2021; Health Effects Institute, 2020). Biological: It may be due to the fact that PM in the form of fine particles have the ability to enter the very deepest parts of the lungs, and lead to lung inflammation, developmental retardation, and predisposition to respiratory infections. A dose response relation described in certain studies also supports the potential of a causal relation because respiratory risk was found to rise as a result of increasing PM2.5 exposure (Adhikary et al., 2024).
Nevertheless, the evidence is to be interpret with caution. The majority of the included studies were cross-sectional or ecological in nature and based on the estimates of air quality in the region instead of the individual exposure measurements. This restricts causal interpretation and can augment exposure misclassification (Mahapatra et al., 2020). Furthermore, not many studies specifically examined children with pre-existing asthma or recurrent wheezing as a distinct sub-group, restricting the knowledge of the impact of ambient pollution on children who are already at the chronic level of vulnerability. Another factor associated with respiratory hospitalisation was seasonal peaks in pollution, especially in winter, but it might be due to other environmental and behavioural factors (Kakkad et al., 2022; Malamardi et al., 2023).
In general, ambient air pollution has a substantial correlation with the unfavorable respiratory outcomes in children below the age of five. This is supported by Figure 5, which indicates that the risk of ARI with increasing exposure to PM2.5 is high in children below the age of five years. This means that there should be increased regulation of air quality, better monitoring of pollution and focused protection of children who are chronically vulnerable to respiratory illnesses.

[bookmark: _Toc228390864][bookmark: _Toc228390950]Figure 5 - Dose–Response Relationship Between PM2.5 Exposure and Risk of Acute Respiratory Infections (ARI) in Children Under Five in India
Source - Author’s own synthesis based on included studies (Adhikary et al., 2024; Mahapatra et al., 2020)
Figure 5 demonstrates the existence of a dose-response relationship between the exposure to PM2.5 and the risk of acute respiratory infections (ARI) in children under the age of five. With higher exposure, the risk of ARI increases, with the greatest risk observed at a very high exposure (OR = 4.45). which found that the level of particulate matter does have a great impact on the respiratory health risks.

[bookmark: _Toc229468361]6.2.2 Key Finding 2- Household Air Pollution and Indoor Environmental Risk

A significant finding of this review was that household air pollution is an important contributor to respiratory health problems among children under five years in India. The studies included revealed that the risk of acute respiratory infections (ARI), wheezing, and asthma was linked to exposure to biomass fuel use, indoor smoke, and poor ventilation (Naz et al., 2015; Adaji et al., 2020; Das and Das, 2023). The finding is in line with the aim of studying the impact of various types of air pollution on respiratory health outcomes among this vulnerable group.
This result is in line with broader evidence that household air pollution is a significant environmental risk factor of child morbidity and mortality, especially in low- and middle-income nations (World Health Organization, 2021; Health Effects Institute, 2020). One reason might be that the combustion of solid fuels, e.g., wood, dung, and biomass, causes a high concentration of indoor PM and toxic gases. This is particularly through exposure of young children since they usually spend more time indoors and near cooking areas. Crowding and inadequate ventilation may also contribute to the further growth of the pollutants and transmission of respiratory infections (Ramani et al., 2016; Ramagopal et al., 2021).
The evidence is however to be taken with caution. Some of them were based on proxy measures, including cooking fuel type, housing, or self-reported exposure, instead of direct indoor air quality measurements, which can contribute to the measurement bias (Ramani et al., 2016; Naz et al., 2015; Adaji et al., 2020). Household conditions and socioeconomic status differences can also limit comparability across studies.
Altogether, household air pollution is a preventable and modifiable risk factor as well as a respiratory risk factor. In contrast to ambient pollution, household and community solutions can be implemented to decrease it, such as cleaner cooking fuels, better ventilation, less indoor smoking, and better housing conditions.

[bookmark: _Toc229468362]6.2.3 Key Finding 3- Respiratory Health Outcomes in Children
One of the significant conclusions of this review was that air pollution is linked to various adverse respiratory health effects on children under five years old in India. But these results are to be understood differently. The acute outcomes were acute respiratory infections (ARI), pneumonia and lower respiratory infections, and the chronic outcomes were asthma, recurrent wheezing as well as persistent respiratory symptoms. More dire consequences were hospitalisation and death.
It was also demonstrated that ARI and pneumonia in under-five children were linked to exposure to ambient and household air pollution (George et al., 2023; Adhikary et al., 2024; Naz et al., 2015). This observation aligns with the broader global data, indicating that respiratory infections continue to be a leading cause of morbidity and mortality in young children, especially in low- and middle-income nations (World Health Organization, 2021; Odo et al., 2022).
Outcomes that are chronic are of particular interest to this review since the dissertation concerns children with chronic respiratory conditions. Recurrent wheezing and asthma are signs of chronic respiratory susceptibility and possibly decreased respiratory resilience in children who have been exposed to pollution (Daniel et al., 2022; Malamardi et al., 2023). This implies that children who have a pre-existing respiratory issue would be susceptible to the impacts of particulate matter and indoor pollutants.
The worst effects of respiratory illness caused by pollutants are hospitalisation and mortality. Hospitalizations reflect the severity of diseases and the burden on health care, whereas mortality reflects the severe effect of air pollution exposure on the health of the population (Malamardi et al., 2023; Roy et al., 2020).
The evidence is limited, however. A number of studies based their research on self-reported symptoms or secondary health data, potentially leading to reporting bias and underreporting more subtle cases at the community level (Naz et al., 2015). Variations in diagnostic criterion between ARI, asthma, and wheezing also decrease comparability among studies. Moreover, most of the studies were cross-sectional, which restricted interpretation to causality. In general, the air pollution is associated with acute, chronic, and severe respiratory outcomes, and those should be viewed individually.

[bookmark: _Toc229468363]6.2.4 Key Finding 4- Vulnerability and Socio-Environmental Factors
The main conclusion of this review was that the vulnerability of children to air pollution and respiratory health outcomes due to air pollution is strongly affected by socio-environmental factors in India. The studies included in it indicated that the socioeconomic status, rural-urban inequality, environmental inequality, and access to healthcare influence the exposure to pollution and the risk of respiratory disease in children below five (George et al., 2023; Mahapatra et al., 2020; Balasubramani et al., 2022; Ramani et al., 2016).
This observation aligns with broader evidence that the poorer populations tend to face increased environmental health risks, such as air pollution (World Health Organization, 2021; Health Effects Institute, 2020). Low-income households might have a higher propensity to polluting fuels, are more likely to live in overcrowded or poorly-ventilated housing and may live in an environmentally-exposed area. Biomass fuel use can be associated with increased household air pollution in rural children, and traffic and industrial pollution in urban children (Kumar et al., 2015; Adaji et al., 2020).
This poses a twofold disadvantage in that disadvantaged socioeconomically children are exposed to air pollution more and have fewer resources, less access to health care, and less defense against its respiratory impacts. This is especially essential in children with chronic respiratory diseases, whose slow diagnosis or lack of access to treatment can exacerbate asthma, frequent wheezing or complications related to infections.
Nonetheless, there was a lot of research that involved socio-environmental factors but not as the primary variables. The access to healthcare was not also measured strongly or consistently, so its influence is to be considered as an indirect, but significant factor. The comparability and bias may also be reduced due to differences in the measurement of the socioeconomic status or environmental exposure.
In general, socio-environmental inequalities influence exposure and capacity to react to respiratory diseases associated with air pollution. The access to clean fuels, quality housing, access to healthcare, and environmental disparity should therefore be used as public health interventions to safeguard vulnerable children.

[bookmark: _Toc229468364]6.3 Strengths and Limitations
There were a number of strengths of this systematised literature review. A structured and transparent methodology was used, improving trustworthiness and replicability (Petticrew and Roberts, 2006). It is because PRISMA enhanced transparency in the process of selecting studies and minimized selection bias (Moher et al., 2009). The use of a recognised critical appraisal tool enhanced the level of systematic evaluation of study quality and searching several academic databases enhanced the possibility of locating useful studies.
Nevertheless, there are a number of constraints to be considered. The number of studies included was limited to 17, which might not be comprehensive enough to understand the evidence base. The majority of studies were cross-sectional or observational, which restricts the causal interpretation. Bias in measurement might have occurred because of differences in exposure measures, such as the type of cooking fuel or local air quality statistics (Mahapatra et al., 2020). One of the biggest shortcomings was that not many studies directly compared the children with pre-existing chronic respiratory conditions. Thus, the results concerning this sub-group were inferred partly based on the research on asthma, wheezing, or overall respiratory susceptibility.

[bookmark: _Toc229468365]6.4 Chapter Summary
The most important findings were critically discussed in this chapter as compared to the broader evidence. The results indicated regular relationships among ambient and indoor air pollution and respiratory morbidity among children under five in India. These findings are relevant since air pollution leads to both acute and chronic consequences, such as acute respiratory infections, pneumonia, and lower respiratory infections and asthma, recurrent wheezing, and long-term respiratory vulnerability.
In general, the evidence was uniform especially on the exposure to particulate matter, biomass fuel use and unhealthy indoor environments. Causal inferences were however limited by observational designs, proxy exposure measures and scanty direct evidence on children with chronic respiratory conditions. The health effects on the public are better air quality, access to clean cooking fuels, better housing, ventilation, and access to better healthcare by vulnerable children.


[bookmark: _Toc229468366]CHAPTER 7: RECOMMENDATIONS AND CONCLUSION

[bookmark: _Toc229468367]7.1 Introduction to Chapter
In this chapter, the recommendations and conclusion of this study are presented. It is based on the four main findings of Chapter 6 ambient air pollution, household air pollution, respiratory health outcomes, and socio-environmental vulnerability. These findings are connected to the initial research goals as stated in the chapter: finding the relevant literature, assessing the impact of outdoor and indoor air pollution and determining the implication of the findings on the health and social welfare of the community. It also indicates evidence gaps and gives recommendations on future research, policy and practice.
[bookmark: _Toc228383654]
Table 3 - Summary of Research Objectives, Themes and Key Findings
	Research Objective
	Related Key Finding
	Sub-Key Findings
	Evidence Source

	To identify published studies examining air pollution exposure and respiratory outcomes in children under five years with chronic respiratory conditions in India.
	Seventeen studies were identified and reviewed.
	Most studies focused on general under-five children, while fewer directly examined chronic respiratory conditions such as asthma and recurrent wheezing.
	All included studies; Daniel et al. (2022); Malamardi et al. (2023); Kumar et al. (2015)

	To analyse reported respiratory health impacts associated with outdoor and indoor air pollution among children under five in India.
	Ambient and household air pollution were associated with respiratory morbidity.
	PM2.5, PM10, biomass fuel use, indoor smoke, poor ventilation, ARI, asthma, wheezing, hospitalisation, and mortality.
	George et al. (2023); Adhikary et al. (2024); Mahapatra et al. (2020); Naz et al. (2015); Adaji et al. (2020); Roy et al. (2020)

	To identify public health and social care implications arising from the reviewed evidence.
	Socio-environmental vulnerability increased exposure and reduced protection.
	Low socioeconomic status, rural–urban disparities, environmental inequality, healthcare access, clean fuel need, housing improvement, and targeted support for vulnerable children.
	Balasubramani et al. (2022); Ramani et al. (2016); Kumar et al. (2015); Odo et al. (2022)


 
[bookmark: _Toc229468368]7.2 Implications of Findings 
The findings of this study are very important to the population health, policy and environmental management, 
· Air pollution in the environment continues to be a significant source of respiratory morbidity among children below five years of age, which means that there is a need to establish more stringent air quality regulations and better monitoring mechanisms (George et al., 2023).
· Household air pollution, in particular, the use of biomass fuels, is one of the risk factors that increase the incidence of acute respiratory infections, and this is why it is critical to promote clean cooking technologies and improve indoor air quality (Naz et al., 2015; Adaji et al., 2020). This is particularly critical among rural and low-income families in which the utilization of biomass fuels is more prevalent and children might be more likely to be exposed to cooking spaces.
· The impact of respiratory diseases, such as ARI, asthma, hospitalisation, and mortality, is heavy, which highlights the need to improve child healthcare and early disease diagnosis and prevention (Adhikary et al., 2024).
· Socio-environmental disparities are significant exposure and health determinants, which means that vulnerable population groups must be protected with the assistance of particular interventions (Balasubramani et al., 2022).
The integrated environmental policy, healthcare strengthening, and social policy are needed to reduce the overall burden of respiratory diseases due to air pollution.

[bookmark: _Toc229468369]7.3 Practice Recommendations 
According to the findings of this review, there should be practical action to decrease the respiratory impact of air pollution on children below five years in India.
· Policy recommendations
In high-pollution areas, air quality surveillance and enforcement ought to be reinforced. The emission of transport and industrial activities should be also decreased, particularly, in urban hotspots (World Health Organization, 2021).
· Household-level recommendations
The families should be assisted to utilize cleaner cooking fuels, e.g., liquefied petroleum gas (LPG), and enhance the household ventilation. The risks of biomass fuel use and indoor smoke exposure in terms of respiratory illnesses need to be made more aware via public health campaigns (Naz et al., 2015; Adaji et al., 2020).
· Healthcare recommendations
Early screening, diagnosis, and treatment of respiratory illness should be enhanced in primary healthcare services among high-risk children (Malamardi et al., 2023).
· Social care recommendations
Social care services ought to assist low-income families to join clean energy schemes and refer children with recurring respiratory symptoms to the healthcare services.

[bookmark: _Toc229468370] 7.4 Recommendations for Future Research 
Longitudinal and cohort designs should be employed to further determine causal relationships between air pollution exposure and respiratory health outcomes in children below the age of five since most of the studies used were cross-sectional (Petticrew and Roberts, 2006). There should be a more robust approach to the evidence gap surrounding chronic respiratory conditions. Future research ought to focus particularly on children below five years of age with pre-existing asthma, frequent wheezing, or other chronic respiratory diseases, instead of considering them as the general child population (Daniel et al., 2022). Children with and without chronic conditions should also be compared in research to determine whether pollution exacerbates symptoms, hospitalisation or severity of the disease. It also requires a more precise exposure evaluation, such as direct measurements of indoor and ambient pollutants (Adhikary et al., 2024).

[bookmark: _Toc229468371]7.5 Conclusion 
This was a systematic review that was carried out to determine how air pollution is related to respiratory health in children younger than five years of age in India. The results indicated that there are regular links among ambient and household air pollution with adverse respiratory conditions, such as acute respiratory infections, pneumonia, asthma, wheezing, hospitalisation, and mortality (George et al., 2023; Naz et al., 2015; Malamardi et al., 2023). Children were also made more vulnerable by the socio-environmental factors, such as poverty, poor household conditions, rural-urban inequalities, and environmental inequality (Balasubramani et al., 2022). However, most evidence was observational, limiting causal conclusions. In general, air pollution is a significant societal health issue. Notably, little direct evidence exists on children below five years who already have underlying chronic respiratory illnesses and this evidence should be given priority in future studies.
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	Findings 

	George et al. (2023); India
	NFHS-5 population based observational study (retrospective); children below 5 years of age in rural and urban India.
	224,214 children
	No follow up
	Ambient PM2.5 (NASA satellite-based annual exposure data, median 63.4 µg/m 3, resolution of the data is 1 km)
	Bivariate analysis and Generalised Additive Models (GAM); controlled by socio-economic, environmental and demographic factors (wealth, housing, smoking, temperature, rainfall, region)
	Respiratory disease characterized by cough + fever + faster breathing in the last 2 weeks
	The researchers have indicated a very high level of PM2.5 exposure in India and have also reported the strong statistically significant relationship (p < 0.001) between respiratory disease among children below the age of five. It was not a linear relationship, as the increase in risk was even below the national levels of safety. Children in poorer and rural families were exposed to more illness and disease burden. Other causes like indoor smoke, poor housing and cooking on pollutant fuels also added to the risk. In general, the results point to the idea that ambient pollution and socio-environmental factors are interconnected and lead to the respiratory morbidity of young children.

	Mahapatra et al. (2020); India (184 cities)
	NFHS-4 cross-sectional study polluted data; children aged under 5 (birth cohort and child health outcomes).
	23,954 births
	No follow up
	The level of PM10 in the air (Central Pollution Control Board data was compared with 184 Indian cities)
	Multilevel mixed-effects regression analysis; controlled by hygiene practices, socioeconomic status, and demographic factors.
	ARI (cough + breathing difficulty), neonatal mortality, premature birth, and low birth weight of children.
	The researchers concluded that the exposure to PM10 has a significant impact on the various outcomes of child health. An increment of 10 ug/m3 of PM10 was linked with approximately 7 percent increment in risk of acute respiratory infection, increased incidence of neonatal mortality and preterm births. These associations were not affected by the household hygiene condition and this shows that ambient air pollution is a risk factor on its own. According to the findings, the present-day pollution control measures might not be effective enough because no significant differences between the cities that had interventions and those that did not were detected, thus, the air quality management should be more powerful.

	Malamardi et al. (2023); Mysore, India
	Time-series analysis; hospital-based data of children and adolescents (under 19 years), under-5 sub-group.
	362 hospital admissions
	5-year period (2017–2021)
	Ambient pollutants: PM2.5, PM10, NO 2, NH 3 (monitored through air quality monitoring stations, twice a week)
	Generalised Additive Models (GAM) of non-linear effects and Generalised Linear Models (GLM); adjusted with temperature, humidity, seasonality, day of week and lag effects.
	Hospitalization because of asthma and lower respiratory infections of the wheezing type (WALRI); the diagnosis according to ICD-9 and ICD-10 codes.
	This research has proven the close relationship between ambient air pollution and hospitalization of children with asthma and infections resulting from wheezing. The effect of PM10 was linear with an increase in the risk of admission corresponding with each increase but PM2.5 and NO2 were non-linear. The difference in susceptibility was more in boys as compared to girls. The highest number of admissions was in the monsoon season, which indicated environmental factors. Altogether, the results prove that air pollution is the cause of serious respiratory exacerbations that lead to hospitalisation especially in vulnerable children with underlying respiratory conditions.

	Balasubramani et al. (2022); India
	District level NFHS-4 data: Ecological spatial epidemiological analysis of children below 5 years of age; all of India.
	District-level data (~640 districts)
	No follow-up
	Ambient PM2.5 and PM10 (satellite and ground monitoring data); added together with environmental, household and demographic variables.
	Spatial analysis based on GIS (Getis-Ord Gi* hotspot analysis) and quasi-poisson regression; controlled by household (fuel use, sanitation), maternal (BMI), child (diarrhoea, immunisation), and demographic (population density, illiteracy) variables.)
	Acute Respiratory Infection (ARI): cough + rapid/ shallow breathing and/or difficulty in breathing/chest (NFHS definition)
	The research found that there was evident geographic clustering of ARI cases especially in the northern states of India including Uttar Pradesh, Bihar, Delhi, and Punjab. There was a marked overlap between the regions where prevalence of ARI is high and containing high concentration of PM2.5 and PM10, as well as such factors as population density and unclean fuel use. PM2.5 was proven to be a significant predictor of ARI using the statistical analysis. Others such as maternal health, sanitation and socioeconomic state were also contributors. The results demonstrate the interaction between environmental exposure and social disadvantage as the risk of respiratory illness and outline the need to develop the region-specific interventions into the target population, namely, public health interventions.

	Roy et al. (2026); India
	Secondary analysis of data based on Global Burden of Disease (GBD 19902021) and NFHS-5 data; children below the age of 5 years and neonatal age group.
	National population-level data
	Long-term trend analysis (1990–2021)
	Ambient PM2.5 (GBD estimates) + indoor air pollutant indicators (solid fuel use, ventilation).
	Statistical modelling based on GBD framework; covariated based on socioeconomic, maternal, environmental, and community-level variables.
	Mortality outcomes: Neonatal Mortality Rate (NMR) and Under-5 Mortality Rate (U5MR) as a result of Lower Respiratory Infections (LRIs).
	The researchers concluded that mortality due to lower respiratory infections in children below five years was strongly linked with PM2.5 exposure. Ambient and indoor air pollution was a major factor contributing to the mortality rates of neonatal and under-five. Even though the general mortality has reduced with time, air pollution has been a consistent risk factor. The exposure over a long period makes individuals susceptible to serious infections, especially in socioeconomically disadvantaged groups. The results focus on the fact that lowering the level of PM2.5 might considerably decrease child mortality and rise survival rates, which proves air pollution to be a very important subject of public health policy.

	Chaudhary et al. (2023); India
	Analysis of cross-sectional studies with NFHS-4 data on children and high-resolution PM2.5 component exposures, children aged less than 5 years.
	~177,000 children
	No follow-up
	Mass and chemical components of PM 2.5 (nitrate, ammonium, elemental carbon); high-resolution exposure estimates
	Several logistic regression model; adjusted to socioeconomic, maternal, demographic and environmental factors.
	Outcomes: Acute Respiratory Infection (ARI), anaemia, low birth weight; ARI was cough + difficulty breathing.
	The paper has demonstrated that PM2.5 exposure has a significant impact on negative child health outcomes, such as respiratory infections. The increase in ARI prevalence by 11% was linked to a 10 µg/m 3 increment in PM2.5. Notably, certain chemical elements like nitrate and elemental carbon were more closely related as compared to PM2.5 overall mass. There was increased health effects with the combination of multiple components, which was cumulative toxicity. These findings indicate that the concentration on total PM levels might not be sufficient to quantify risks, and the specific pollutant control can be more effective to lower the respiratory disease burden in children..

	Odo et al. (2022); 35 LMICs (including India)
	Demographic and Health Survey (DHS) cross-sectional study; children below the age of 5 years in 35 low- and middle-income countries.
	573,950 children
	No follow-up
	
Ambient PM2.5 (global gridded exposure estimates; mean =48.2 µg/m 3 )
	Multivariate logistic regression; in adjusted forms; child, maternal, household and community level variables; multi-pollution models.
	Acute Respiratory Infection (ARI): cough + difficulty in breathing in the past 2 weeks.
	
The results of the research were that there was a strong relationship between PM 2.5 and ARI in children below the age of five, with every 10 µg/m 3 increment associated to approximately 6 percent increase in risk. The association was found to be significant after taking into consideration other pollutants, which proved PM2.5 to be an independent factor. Children who were less susceptible were seen to be the younger children, boys and those in rural settings. The large range of exposure to different countries implies that there is significant pollution pressure in LMICs. The results in general draw attention to air pollution in the ambient as one of the primary factors that cause respiratory disease among children and the necessity to implement pollution control measures on the global and national levels.

	Ramani et al. (2016); Gulbarga, India
	Longitudinal cohort study; children less than five years of age in slums of urban areas.
	400 children
	1-year follow-up
	Indoor environment exposure indicators: fuel use is biomass, ventilation, overcrowding, pets.
	Descriptive and analytical statistics of environmental and demographic risk factors.
	Acute Respiratory Infection (ARI): cough, fever, nasal discharge, difficulty breathing, pneumonia characterized by age-specific respiratory rate
	The incidence of ARI reported in the study was high (27.25) among under-five children, infants, and male children. Common respiratory infections were upper respiratory infections, although the lower respiratory infections were also of a considerable burden of disease. Risk factors included exposure to biomass fuel, overcrowding and poor ventilation. Earlier respiratory disease family history and malnutrition also made one more vulnerable. The seasonal variation was higher in winter. The results emphasize the prevalence of repeated infections in this kind of setting and the importance of indoor contamination plus the poor state of living in respiratory morbidity..

	Kumar et al. (2015); Delhi, India
	Cross-sectional study; children in India, industrial, residential and rural Delhi.
	3,104 children
	No follow-up
	Indoor air pollution: SO 2, NO 2 and suspended particulate matter (SPM) determined through air samplers.
	Cross-sectional statistical study; controlled by demographic and environmental factors.
	Respiratory outcomes: asthma diagnosis and symptom (cough, wheezing, breathlessness) according to a clinical examination.
	The research discovered that there is a clear relationship between indoor air pollution and asthma among children with a total of 7.9 prevalence. The rate of asthma was the greatest in industrial areas, then residential areas and rural areas, which shows that they have a high exposure gradient. A high percentage of children were subjected to tobacco smokes and biomass fuels. Symptoms related to the respiratory system were very common cough, wheezing, and breathlessness. The level of indoor PM was also much higher in the houses of the affected children. The results indicate that indoor and surrounding environmental pollution are the factors that lead to the development of asthma and the enhancement of respiratory morbidity in the urban environment.

	Daniel et al. (2022); India
	Cross-sectional cross-country systematic review and meta-analysis; children 4 to 20 years old in school- and community-based settings in India.
	33 studies; pooled sample 167,626 children
	Not applicable
	No direct exposure-assessment study; involved studies were studies that found asthma prevalence in Indian children with objective measures, predominantly ISAAC or modified ISAAC.
	Random-effects meta-analysis; I 2 used to assess heterogeneity; subgroup analysis performed based on gender, setting and diagnostic tool used; publication bias and sensitivity analysis conducted.
	Measure: Prevalence of asthma; according to objective measures adopted by including studies as opposed to wheeze itself.
	
The review pooled the asthma prevalence among Indian children to 7.9 (95% CI 6.3 -9.6) with a very high level of heterogeneity (I 2 = 99.1%). Boys and urban areas had higher prevalence indicating that there is a significant contribution of environmental and urban exposure patterns. The authors have reported a very large range of studies because of the settings, tools and characteristics of participants. All the discussed findings show that childhood asthma is a significant public health issue in India, and that there is a need to improve early detection, enhance primary-care capacity, and conduct a large national population-based survey to get more credible estimates of the burden.

	Adhikary et al. (2024); India
	Analytical study based on cross-sectional analysis of data collected on India Demographic Health Survey, 2019–2021; children aged below 5 years
	223,375 children
	No follow-up
	Atmospheric Composition Analysis Group, Washington University PM2.5 exposure data in ambient air; exposure was measured as 10 -m³ increments (continuous) and quartiles.
	Generalized estimating equation analysis; adjusted odds ratios with 95% CIs; the adjusted model was performed incorporating these variables: age, sex, mother education, mother smoking status, cooking fuel, wealth index, and rural-urban residence.
	Acute Respiratory Infection (ARI) in children under 5
	The study found a strong positive association between PM2.5 exposure and ARI in Indian children under five. Each 10 µg/m³ increase in PM2.5 was associated with 23% higher odds of ARI (OR 1.23, 95% CI 1.19–1.27). Compared with the first exposure quartile, the second quartile doubled the odds of ARI (OR 2.06), while the fourth quartile increased the odds more than fourfold (OR 4.45). These findings show a steep exposure–response gradient and indicate that higher particulate pollution substantially increases respiratory illness risk, even after accounting for major household and socioeconomic confounders. 

	Sastry et al. (2021)
	Cross-sectional pilot study; outpatients between the ages of 6 months and 5 years of age in a teaching hospital.
	190 children
	No follow-up
	Indoor environmental features and behaviors in the home, such as ventilation, flooring material, may be either a stove or incense/mosquito coils, home fungus, dry house dusting, or sleeping with stuffed toys.
	Observational analysis of associations of household environmental factors with symptoms; wheeze and sleep concerns analysed using questionnaires.
	Results: Wheezing within the past 12 months and caregiver-reported sleep issues.
	In their study, the researchers were able to find out that indoor environmental practices were related to both wheeze and sleep-related symptoms in young children. Wheezing symptoms were present in an estimated 50% of the cohort within the past year and 21% had occasional or frequent sleep issues. Wheeze and sleep concerns were closely related to sleeping with a stuffed toy. Other household exposures found to be significant correlates of wheeze in the greater analysis included agarbathis or mosquito coils, home fungus and commonplace dry dusting. In general, the results indicate that indoor household triggers can play a significant role in the early morbidity, related to respiratory and sleep, in young Indian children.

	Siddique et al. (2010/2020 indexing); Delhi, India with rural comparison (West Bengal and Uttaranchal)
	Comparative cross-sectional study; school children in urban and rural areas of control, Delhi.
	Cohort of participating children not clearly stated in the abstract snippet opened
	No follow-up
	Ambient air quality measurements provided by Central and State Pollution Control Board and direct measurements using a portable aerosol monitor; PM1 cannot be ignored.
	Formatted respiratory symptom questionnaire and personal interview; comparative epidemiological study; the abstracted lines fail to identify a complete confounder-adjustment model.
	Symptoms of respiratory tract, such as upper and lower respiratory tract symptoms; respiratory problems prevalence.
	The researchers have determined that the rates of respiratory issues in children in Delhi (32.1 percent) were significantly higher compared to that of rural controls (18.2 percent). Girls had more respiratory symptoms and high-level PM 0 at Delhi air showed a statistically significant positive relationship with lower respiratory tract symptoms in girls. An average PM 10 in Delhi was reported to be 163.4 µg/m 3 or approximately 2.7 times higher than the Indian residential standard. Comprehensively, the results indicate that the respiratory morbidity is greater in children in urban environment with high pollution compared to that in rural environments with lower pollution, which confirms the detrimental impacts on respiratory illness of long-term exposure to urban air pollution.

	Das and Das (2026); India
	NFHS-5 (2019-2021) cross-sectional study, children in India.
	Nationally representative NFHS-5 child sample; exact analytical sample size not shown in the opened abstract lines
	No follow-up
	The comparison between indoor air pollution of solid and clean cooking fuel use; ventilation and the household setting have also been discussed as the appropriate exposure pathways.
	Bivariate, multivariate logistic regression, and ArcGIS mapping; adjusted to the socioeconomic, maternal, demographic, environmental, and community.
	Child health outcomes: acute respiratory infection (ARI), low birth weight (LBW), infant mortality rate (IMR) and neonatal mortality rate (NMR).
	The researchers discovered that cooking on solid fuels is a contributing factor to the poor health of child in India. The children in homesteads that used solid fuels were more likely to develop ARI, low birth weight, infant mortality, and neonatal mortality than children in homesteads that used clean fuels. The paper highlights the point that the weight lies more on the rural and socioeconomically disadvantaged groups as the availability of cleaner fuels is lesser. The authors conclude that household air pollution continues to be a significant and avoidable concern on child morbidity and mortality and that there is a need to speed the shift to clean cooking energy to enhance child health outcomes in India.

	Kakkad et al. (2022); Ahmedabad, India
	Cross-sectional study of hospital-based observations; children aged below 5 years in a tertiary hospital with respiratory illnesses.
	Hospital admissions from 1 Nov 2017 to 31 Dec 2018; respiratory illnesses accounted for 21.2% of total admissions
	Study period of about 14 months
	Temporary exposure to ambient PM 2.5; health effect calculated in WHO/ Europe AirQ + with a counter factual of 15 ug/m.
	AirQ+ log-linear integrated exposure-response function; seasonal health impact analysis with baseline incidence, PM 5 profile, and city population estimate.
	Respiratory admission in children below 5 years; wheezing conditions and infective conditions among inpatient conditions.
	The researchers found that temporary exposure to PM 2.5 in a short period, in the season, enhanced respiratory admissions in children under the age of 6 in Ahmedabad. Relative risk was the greatest during winter (RR 1.16, 95% CI 1.09123), but also during summer and after monsoon (RR 1.15) and was less in monsoon (RR 1.08). Attributable cases were estimated at 25 in monsoon and 45 in winter and per 100,000 at-risk children. The majority of hospitalized children were males, infants, and wheezing disorders were higher than the infective disorders. In general, the results show that seasonal respiratory burden is evident with short-term PM 2.5 exposure.

	Naz et al. (2015); India
	NFHS data cross-sectional study; children below 5 years in India.
	~134,000 children
	No follow-up
	Indoor air pollution: solid fuel (biomass: wood, dung, crop residue) use as proxy indicator.
	Logistic regression analysis; which was adjusted to socioeconomic, demographic and household variables (wealth, maternal education, residence and housing conditions).
	Life threatening respiratory diseases: severe ARI with symptoms of pneumonia (cough + rapid breathing + chest in-drawing)
	It was revealed in the research that solid fuel use poses high risk of causing severe life threatening respiratory diseases in children that are below the age of five. In biomass fuel households, there were high chances of children developing severe ARI as opposed to clean fuel households. The relationship was substantial even after the adjustment of socioeconomic and demographic factors, which shows an independent effect. The greater levels of exposure expose the children in rural and poorer households to more risk. The results assert that indoor air pollution does not just cause mild respiratory symptoms but also severe conditions thereby underlining the use of cleaner fuel.

	Adaji et al. (2020); LMICs (including India)
	Meta-analysis and systematic reviews of observational studies; children aged below 5 years in low- and middle-income countries.
	27 studies included
	Not applicable
	Exposure to indoor air pollution: use of solid fuels, combustion of biomass and domestic smoke.
	Random-effects model meta-analysis; heterogeneity evaluated (I 2 ) subgroup and sensitivity analysis.
	Childhood pneumonia; diagnosis was done by clinical definitions in the included studies.
	The researchers discovered that there was a significant relationship between indoor air pollution and childhood pneumonia which is the leading cause of death among children below the age of five. Children who were exposed to solid fuels and household smoke were at a risk of getting pneumonia than their counterparts who used clean fuels. Although not uniform in all studies, the general evidence presented was in favor of this association. The results indicate that the biomass burning pollutants damage respiratory health and exert pressure on infections. The authors note that a significant decrease in the cases of pneumonia and child mortality may occur through decreased indoor air pollution, particularly in low-income areas where such exposure is high.
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