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Abstract

Introduction: Particulate matter (PM), which encompasses tiny particles (PM2.5) and inhalable coarse particles
(PM10), is a significant environmental issue that carries potential health consequences, particularly for children,
including those who have asthma. This systematic review aims to examine the association between exposure to
PM2.5 and the exacerbation of childhood asthma, focusing on publications published between 2018 and 2023.
Methods: A comprehensive PubMed search retrieved 147 records, leading to the selection of 11 articles for full-
text assessment. Subsequently, four studies meeting the criteria were included in this review, following a
meticulous selection process. These studies were rigorously assessed for methodology, study design, and key
findings. Results: The chosen studies' findings indicate a negative correlation between short-term PM2.5 exposure
and a range of lung function indicators in children diagnosed with asthma. This suggests that prenatal PM2.5
exposure may have enduring effects on respiratory health. Discussion: Childhood asthma, marked by complex
pathophysiology involving chronic inflammation and hyperresponsive airways, is indeed influenced by PM2.5
exposure, underlining a multifaceted challenge for public health. Conclusion: This systematic review underscores
the importance of addressing environmental PM2.5 as a critical public health concern, particularly for children
with asthma. Although the studies in this analysis offer valuable insights, they also underscore the need for
additional research to understand the intricate link between exposure to PM2.5 and the worsening of pediatric
asthma.
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1. Introduction

Particulate matter (PM) encompasses many components, including minuscule solid particles and tiny liquid
droplets inside the Earth's atmosphere. The droplets or particles comprise several chemical compositions varying
according to the emissions' source (Nevada Department of Environmental Protection, n.d.). Particle pollution is
classified into two categories by the United States Environmental Protection Agency (USEPA) (Nevada
Department of Environmental Protection, n.d.). “Fine particles,” which include smoke and haze, have a diameter
of no more than 2.5 microns. Another name for fine particles is PM2.5. Particles can be emitted into the atmosphere
through two primary pathways: direct release from forest fires and indirect release through the atmospheric
interactions of gases from industrial facilities, power plants, and vehicles. Because PM2.5 is so tiny, it can travel
incredibly long distances while remaining suspended in the atmosphere(Garrett, 2014). Areas with high traffic and
dusty industries have been observed to contain inhalable coarse particles with a diameter bigger than 2.5 microns
but less than 10 microns. In this context, the inhalable coarse particles are called PM10 (Nevada Department of
Environmental Protection, n.d.).

The National Ambient Air Quality Standards (NAAQS) encompass three regulatory standards specifically
targeting PM-2.5: (Nevada Department of Environmental Protection, n.d.) leading standard of 12 micrograms per
cubic meter annually arithmetic mean (ug/m3), (Garrett, 2014) a supplementary standard of 15 pg/m3 (annual
arithmetic mean) and (Meghiji et al., 2021) 24-hour average not to exceed 35 pg/m3. PM-10 has a 24-hour average
of 150 pg/m3 as the primary and secondary standard (Garrett, 2014). One of the most frequent childhood ailments
is asthma. Low- and middle-income nations caused 96 percent of asthma-related fatalities and 84% of disability—
adjusted life-years (Meghji et al., 2021). A Japanese study found peak expiratory flow dropped with each ten
pg/m3 increase in PM2.5 (PEF, changes: -2.96, 95% ClI: -4.55, -1.37) (Zhou et al., 2022). An increase in PM2.5
levels was associated with a significant reduction in forced expiratory volume in 1 second (FEV1) among children
diagnosed with asthma, according to the findings of a birth cohort study conducted by the Columbia Center for
Children's Environmental Health (CCCEH). This connection's regression coefficient () was -0.15, with a 95%
confidence interval from -0.29 to -0.01 (Zhou et al., 2022).

The relationship between PM2.5 and pediatric asthma is complex and has multiple dimensions. PM2.5 refers to
diminutive particulate matter suspended in the air, characterized by a diameter of 2.5 micrometers or smaller.
PM2.5 particles possess a size that enables them to infiltrate the respiratory system profoundly. Upon inhalation,
these particles have the potential to incite an inflammatory reaction. The presence of inflammation has the potential
to impact the airways, rendering them more susceptible to sensitivity. Consequently, this heightened sensitivity
may result in the manifestation of asthma symptoms among youngsters who possess a predisposition to this
particular ailment (Sun et al., 2020). This contention is supported by an abundance of scientific research studies
that have established a positive correlation between increased PM2.5 exposure and a higher prevalence of asthma
in children. The available evidence indicates that extended exposure to PM2.5 is linked to the exacerbation of pre-
existing asthma symptoms in pediatric populations (Pothirat et al., 2019).

Examining the correlation between PM2.5 and childhood asthma holds excellent significance due to the
widespread prevalence and substantial impact of this public health concern. Gaining a comprehensive
understanding of the function of PM2.5 in the development and worsening of asthma will facilitate the formulation
of efficacious preventative measures, thereby mitigating the burden of this respiratory condition among children.
Research endeavors can facilitate the identification of demographic groups that exhibit heightened susceptibility
to the impacts of PM2.5 exposure. Such children possess pre-existing respiratory ailments or individuals residing
in regions with elevated pollution levels. This information has the potential to advise and guide targeted actions
and healthcare strategies for these specific demographic groups. In conclusion, examining the correlation between
PM2.5 and childhood asthma holds significant importance in safeguarding the well-being of children, enhancing
air quality, and extending our comprehension of respiratory ailments, yielding advantageous outcomes for public
health.
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2. Method
2.1 Search Strategy

The systematic review followed the principles outlined in the Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA). The utilization of the “Participants,” “Exposure,” “Comparator”, and “Outcome”
(PECO) framework was employed in order to construct a precise study subject. The current systematic review
sought to answer the question: "Is exposure to PM2.5 associated with asthma exacerbation in children?". Research
investigating the correlation between exposure to PM2.5 and asthma in children has been documented in two
prominent English databases, PubMed and Google Scholar. Our search strategy used combinations of air pollution
terms ("air pollution, "particulate matter," "air pollutants") and respiratory disease terms ("asthma," "bronchitis,”

and “bronchiolitis”).

The PubMed search string used turned into as follows:
((children) AND ((particulate matter 2.5) OR (pm2.5))) AND ((((asthma) OR (bronchitis)) OR (bronchiolitis)) OR
(lower respiratory infections [MeSH Terms]))

2.2 Eligibility criteria and study selection

The researchers applied the following inclusion criteria in order to identify and choose pertinent papers: (i) original
peer-reviewed journals; (ii) published in full-text; (iii) studies published in 2017 until 2023; (iv) studies that
identify objective measures of PM2.5; (v) the subject is a child with asthma. Studies were excluded if they met
any of the following criteria: (i) not related to PM2.5 exposure; (ii) no quantitative results for the effects; (iii) with
insufficient data.

2.3 Data extraction

In the initial search, after deleting duplicates, the first reviewer (CVA) assessed the title and abstract to ensure that
the inclusion and exclusion criteria were met. To minimize bias, relevant studies were separately examined by the
first and second reviewers (CVA and FNA) using Covidence (an online software for primary screening and data
extraction created by the Cochrane Community) to examine the entire text of publications against the inclusion
criteria. Before extracting data, CVA and FNA addressed all selected studies and unresolved issues between the
two and the third reviewer, PAA. The details are shown in Figure 1.
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Figure 1: PRISMA flow diagram
2.4 Methodological quality assessment

Due to the absence of a validated scale, it is presently impossible to assess the quality of time-series, panel, and
case-crossover study designs. Consequently, the scale proposed by Mustafi et al., derived from the reputable NOS
scale, was employed to evaluate the quality of the entities above (Mustafi¢ et al., 2012) and the Cochrane risk of
bias tool (Higgins et al., 2011). Mustafi's personalized scale consisted of three items, with the allocation of "0-3"
points to the respective factors as follows: The validation of depression assessment, which is classified as either 0
to indicate the absence of valid criteria or 1 to indicate the existence of valid criteria, as well as the assessment of
air pollutant measurement quality (0: the measurements were not conducted on a daily basis or there was a data
deficiency of more than 25%.; 1. the measurements were conducted on a daily basis, with a 25% occurrence of
missing data), and the extent of confounder adjustments (0: long-term trends, season, and air temperature were not
accounted for in the analysis; 1: only long-term trends, season, and air temperature were adjusted with a score of
2). A study was deemed of "high quality" if it achieved the maximum score of 5 points across all three categories.
Conversely, if the study did not attain the greatest score, it was categorized as "low quality."

2.5 Risk of Bias Assessment
Furthermore, a comprehensive assessment was performed to evaluate the potential risk of bias (ROB) associated
with each individual study. The notion being discussed is a relatively recent development within the field of

environmental health research, and it is intricately connected to, yet distinct from, the evaluation of methodological
rigor. The utilization of the Risk of Bias (ROB) assessment tool developed by the National Institutes of
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Environmental Health Sciences National Toxicology Program Office of Health Assessment and Translation
(OHAT) was employed to evaluate the potential bias in cohort and cross-sectional studies (“Welcome to the 2015
Annual Meeting,” 2015). In light of the lack of a recognized and validated instrument for evaluating the risk of
bias (ROB) in time-series and case-crossover studies, we undertook an assessment of their ROB using the OHAT
tool and the University of California, San Francisco (UCSF) Navigation Guide (Lam et al., 2016). Critical factors,
including confounding bias, exposure assessment, and outcome assessment, were evaluated in the selected studies
utilizing the OHAT instrument and the UCSF Navigation Guide. Additional methodological criteria were taken
into account, encompassing selection bias, attrition/exclusion bias, selective reporting bias, conflict of interest,
and other potential causes of bias. The studies chosen for each of these domains were assessed and categorized as
having a level of evidence classified as "low," "probably low," "probably high,” or "high." Per the
recommendations of the Navigation Guide's OHAT (Office of Health Assessment and Translation) tool, the
scholarly journals utilized in our study exhibited a low degree of bias.

3. Results
3.1 Study and participant characteristics

The studies in the analysis were conducted in three countries and employed various research approaches, including
cross-sectional, cross-over intervention, and cohort designs. Two studies were undertaken in the People's Republic
of China, one in the United States of America, and one in the Republic of Korea. Some studies did not indicate
whether they were conducted in rural or urban areas.

The study and participant characteristics were comprehensively documented. The inclusion criteria specified that
all participants were children. However, for this review, only data related to children were analyzed. No research
reported relationships between religion, disability, or time dependence.

3.2 Literature retrieval

The process of conducting research involves essential elements such as data analysis and reporting of the findings.
All research reports need to include accurate, unbiased, thorough, and perceptive reporting of the analytical
treatment of data (qualitative or quantitative). Psychologists use numerous ways to analyze data, and no
methodology is universally accepted as long as it is suitable for the study questions being asked and the type of
data being collected. The techniques employed must yield unambiguous, clear insights into the data and sustain
their analytical demands, including robustness against assumptions that are violated.

Table 1: Summary of Selected Study Characteristic

No. | Title Author, Study Aim of the Population | Results and Outcomes
year design study
(Country)
1 Early-life Zhang et al., | Cross- To examine 30.325 A total of 1205 children,
exposure to 2022 (China) | sectional potential preschool comprising 4.0% of the
PM2.5 associations of | children sample, self-reported a
constituents and early-life aged 3-6 medical diagnosis of
childhood asthma exposures to years asthma. The mean PM2.5
and wheezing: PM2.5 mass concentrations across all
Findings from and its major urban areas during the
China, Children, chemical initial year following birth
Homes, Health constituents were recorded as
Study with childhood 61.8+10.5 pg/m3. These
asthma and values exhibited a
wheezing. statistically significant
correlation with an
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elevated likelihood of
developing asthma.
Personal exposure | He et al., Cross-over | To further 43 children The mass concentration of
to PM2.5 2021 (China) | study examine the aged 5-13 PM2.5 is 55.7 ug/m3.
oxidative potential associations of | years Variability in PM2.5
in association with health oxidative potential drives
pulmonary outcomes with asthmatic children's airway
pathophysiologic personal resistance more than
outcomes in exposures to PM2.5 mass exposure.
children with PM2.5
Asthma
Long-Term Keet et al., Cohort To understand | Children Asthma diagnosis
Coarse Particulate | 2017 (US) study the aged 5to 20 | prevalence increased with
Matter Exposure relationship years old coarse PM exposure (RR =
Is Associated with between long- 1.006; 95% CI = 1.001-
Asthma among term fine and 1.011), hospitalizations,
Children in coarse PM and emergency department
Medicaid exposure and visits (RR = 1.017; 95% ClI
asthma = 1.001-1.033), after
prevalence and adjusting for fine PM.
morbidity
among
children
Association Kim et al., Cross-over | To evaluate 26 children They found a 6.5 pug/m3
between Peak 2020 (Korea) | interventio | the effects of | aged difference in indoor
Expiratory Flow n study indoor PM2.5 | between 6— | median PM2.5 levels
Rate and on children’s 12 years between control and
Exposure Level to peak were experiment groups.
Indoor PM2.5 in expiratory diagnosed Asthmatic children with
Asthmatic flow rate with asthma | lower PEFR (0.2%, 95%
Children, Using (PEFR) Cl = 0.1-0.5%)
Data from the significantly increased
Escort indoor PM2.5 levels, even
Intervention Study after controlling for other
variables. Our multilevel
model included a random
intercept for each
asthmatic child.

3.3 Increased risk of asthma through exposure to particular matter

There is still a dearth of definitive evidence establishing a conclusive association between exposure to PM2.5 and
the manifestation of asthma outcomes in children. In their study, Kim et al. assessed PM2.5 and its impact on
asthmatic children, finding a significant association between higher levels of exposure to PM2.5 and decreased
peak expiratory flow rate (PEFR) (Kim et al., 2020). However, instead of focusing on asthma, the main focus of
the study was on the simultaneous occurrence of acute respiratory symptoms and a mild decrease in lung function.
In their study, Zhang et al. discovered a strong correlation between early-life exposures to a combination of
primary PM2.5 elements and heightened chances of asthma and wheezing. However, no transparent relationships
between specific compositions and wheeze were observed within the first year of life (Zhang et al., 2022). This
finding aligns with a study conducted by He et al., which demonstrated that daily personal exposure to PM2.5 is
associated with an elevated oxidative potential. This elevated oxidative potential is significantly correlated with
increased small, significant, and total airway resistance, heightened airway impedance, reduced lung function, and
lower scores indicative of specific asthma symptoms and overall symptom severity (He et al., 2021). According
to a separate study conducted by Keet et al., it has been determined that there is a correlation between heightened
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asthma prevalence and morbidity among children enrolled in Medicaid and increased exposure to elevated average
levels of coarse particulate matter (PM). These findings underscore the necessity for direct monitoring of coarse
PM and reevaluating long-term average levels of coarse PM pollution (Keet et al., 2018). Based on the research
conducted by Kim et al., a noteworthy correlation has been observed between elevated levels of indoor PM2.5
(particulate matter measuring 2.5 micrometers or smaller in diameter) on a daily or weekly basis and a reduction
in peak expiratory flow rate (PEFR) among children diagnosed with asthma. The research study observed a
decrease in peak expiratory flow rate (PEFR) by 0.2% (with a 95% confidence interval (Cl) of 0.1 to 0.5) or by
1.2% (with a 95% CI of 0.1 to 2.7) for every 1 g/m3 rise in indoor PM2.5 concentrations (Kim et al., 2020).

4. Discussion

Asthma is a multifaceted and diverse medical condition distinguished by persistent inflammation, temporary
airflow limitations, and heightened airway sensitivity (Hirose et al., 2017). Around 300 million people globally
have asthma (Huo & Zhang, 2018). Exposure to PM2.5 has been linked to impaired lung function and the onset
of acute asthma attacks in both children and adults, according to a growing body of epidemiological evidence. The
current research conducted in Canada investigated the correlation between exposure to trace metals in PM2.5 and
heightened levels of exhaled nitric oxide among a group of school-age children diagnosed with asthma (Godri
Pollitt et al., 2016). Duan et al. (Duan et al., 2021) found a negative correlation between short-term exposure to
PM2.5 and three respiratory health indicators: forced expiratory volume in one second (FEV1), forced vital
capacity (FVC), and peak expiratory flow (PEF). Specifically, for every 10 g/m3 increase in PM2.5 at a lag of
three days, FEV1 decreased by 0.012 L, FVC decreased by 0.042 L, and PEF decreased by 0.061 L/s.

Currently, there is a widely held opinion that PM2.5 has a substantial impact on the exacerbation of asthma,
particularly in children who are considered to be more vulnerable in comparison to adults (Chi et al., 2019; Fan et
al., 2016). According to projections made in 2015, it was estimated that PM2.5 had contributed to a significant
number of hospitalizations, ranging from 5 to 10 million, among individuals who have asthma. These
hospitalizations accounted for around 4 to 9 percent of the global visits for this medical condition (Anenberg et
al., 2018). Research findings have consistently indicated that PM2.5 is the sole chemical compound that has
exhibited an independent correlation with emergency room visits among individuals with asthma (Hsu et al.,
2020). Furthermore, a research investigation in the South Texas region unveiled a positive correlation between
elevated concentrations of PM2.5 particles and an augmented probability of hospital readmissions in pediatric
patients diagnosed with asthma (Baek et al., 2020). Research has indicated that individuals may have an elevated
vulnerability to asthma development when exposed to small particulate matter measuring 2.5 micrometers or less
(PM2.5) during their early childhood. Yan et al. (year) present findings that support the notion that prenatal
exposure to PM2.5 may have significant repercussions (Yan et al., 2020), raises the risk of asthma and wheezing
in children and is more strongly related to the risk of asthma in children under the age of three. A recent
comprehensive study conducted across multiple cities in the United States has provided evidence indicating that
exposure to PM2.5 pollution poses a significant risk to fetal lung development during the gestational period from
26 to 36 weeks. Based on the results of their study, an elevation of 2 g/m3 in environmental PM2.5 exposure was
associated with a 1.29-fold rise in the likelihood of developing asthma (Hazlehurst et al., 2021).

From a research perspective, there exists a requirement for enhanced exposure assessment methods and precise
asthma case definitions. Furthermore, utilizing a broader array of sampling methods for indoor and outdoor
pollutants is crucial to fully understand the impact of asthma outcomes across the studies incorporated in the
analysis. This is necessary as the findings of these studies were inconsistent and, in certain instances, lacked
sufficient clarity in their definitions. Moreover, the existing data is insufficient to determine whether the potential
elevation in asthma risk among youngsters varies by gender. Currently, there is limited comprehension of the
potential danger associated with the inhalation of each substance. There were significant variations in the
substances examined and the methodologies employed for their measurement across different investigations.
However, the suitability of conducting a meta-analysis for this review may have been compromised not only by
discrepancies in size and definitions but also by the heterogeneity in susceptibility among different individuals
within the population and the diverse environmental contexts in which individuals spend their daily lives.
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5. Conclusion

Individuals are subjected to a multifaceted amalgamation of biological, chemical, and physical components
throughout their lifetimes. Although numerous nations have made advancements in air pollution regulation, the
mitigation of environmental PM2.5 continues to be a significant area of focus. This phenomenon is associated
with an ongoing increase in morbidity and mortality rates across a range of disorders. Gaining insight into the
impact of PM2.5 on commonly occurring chronic respiratory conditions is an essential initial measure in
preventing and identifying health issues associated with PM2.5 exposure. Further multi-regional cooperation
research is necessary to help mitigate the significant health burden caused by variations in PM2.5 composition and
concentration among countries and regions. This review highlights the necessity for more investigation into the
impacts of indoor and outdoor air pollution on human health and well-being, employing objective measures.
Additionally, it emphasizes the importance of maintaining uniformity in reporting research studies to facilitate
comparability.
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