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Abstract: This study investigates the association between prenatal exposure to environmental 

pollutants and the development of childhood asthma, a major global health concern. Using a 

retrospective cohort design, data were collected on prenatal exposures to fine particulate matter 

(PM2.5, PM10), nitrogen dioxide (NO₂), ozone (O₃), volatile organic compounds (VOCs), and 

maternal smoking. These data were linked with clinical outcomes including asthma diagnosis, 

frequency of wheezing episodes, and hospital visits among children aged 5–10 years. Our results 

reveal a significant association between elevated prenatal exposure to air pollutants and increased 

risk of childhood asthma. Specifically, children in the highest quartile of PM2.5 exposure exhibited 

the greatest incidence of asthma. Maternal smoking during pregnancy was associated with a 2.1-

fold increase in asthma risk. Furthermore, asthmatic children demonstrated higher mean 

concentrations of all pollutants, more wheezing episodes, and increased hospital admissions 

compared to their non-asthmatic peers. Inflammatory biomarkers including IL-6, TNF-α, CRP, and 

IgE were also significantly elevated in asthmatic children, suggesting pollution-induced immune 

activation. Logistic regression analysis confirmed the independent predictive value of PM2.5, 

VOCs, and maternal smoking, with statistically significant odds ratios. Correlation heatmaps 

further highlighted strong inter-relationships between pollutant exposure and respiratory morbidity. 

These findings support the hypothesis that prenatal environmental insults disrupt fetal immune and 

respiratory development, increasing susceptibility to asthma. The study highlights the importance 

of minimizing prenatal exposure to environmental pollutants through targeted public health 

strategies and regulatory action. It also emphasizes the integration of environmental exposure 

screening in prenatal care as a preventive measure to reduce childhood asthma burden. 
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INTRODUCTION

An increased number of cases of childhood asthma 

is a significant issue globally that warrants further 

investigation of its possible causes.  Given the 

increasing importance of the latter, paediatric 

asthma has many causes that result from the 

combined forces of our genes and the things we 

come into contact with (Aithal et al., 2023).  While 

the foetus is still developing, being exposed to 

certain environmental risks might shape their 

immune system and lungs in ways that could lead to 

asthma during adult life (Sly et al., 2022).  Among 

the various sources, it is air pollution that chiefly 

leads the World Health Organisation to believe that 

environmental exposure claims a significant number 

of lives around the globe (Lavezzi & Ramos‐

Molina, 2023).  There are many types of particulate 

matter and gases found in ambient air pollution and 

each acts differently depending on its chemical and 

physical properties. 

 Because cells grow rapidly in the foetus, the 

exposure to external disturbances during pregnancy 

can be harder on the mother-foetal unit.  For a long 

time, it was thought that the placenta shields the 

fetus from risks; however, it has now been found to 

be strongly affected by air pollution that may harm 

a baby’s health in the womb (Chiarello et al., 2023).  

Because of increases in air pollution from 

pregnancy, a mother’s hypothalamic-pituitary-

adrenal axis can be disturbed, possibly causing her 

to experience depression (Ahlers & Weiss, 2021).  

Smoking by grandmothers has also been linked to 

poor lung function in children (Mahon et al., 2021).  

Experts suggest that a powerful immune response in 

the mother increases the risk of neurodevelopmental 

diseases; at the same time, exposure to air pollution 

in utero might lead to moderate changes in the 

mother’s immune status (Volk et al., 2020). 

 Things in the environment experienced by a fetus in 

the womb can lead to changes in genes that last a 

person’s lifetime and may increase risk for certain 

illnesses.  Those who experience short-term 

exposure to air pollution are more likely to develop 

chronic obstructive pulmonary disease, cough, 

shortness of breath, wheezing and asthma 

(Manisalidis et al., 2020). 

 Poor health of the lungs in children has been 

associated with prenatal nicotine exposure from 

either mother’s cigarette smoking or e-cigarettes 

(Breit et al., 2022; Maritz, 2024).  Since nicotine 

gets attached to receptors that affect brain 

development, it creates serious health problems for 

the foetus, newborn, child and adolescent (Ren et al., 

2022).  The presence of nicotine in a child’s 

surroundings, in addition to other contaminants, 

might make it more likely that asthma will start in 

them. 

According to studies, exposure to smoke and other 

toxins can lead to oxidative stress and swelling in 

the lungs of the fetus which could interrupt proper 

lung development and raise a child’s risk of 

developing asthma (Peacock et al., 2022).  When a 

pregnant mother eats protective and antioxidant 

foods, it helps prevent harm to her unborn baby 

(Ciafrè et al., 2020).  

 Basically, if a mother is exposed to pollutants 

before delivery, it can increase the risk of paediatric 

asthma, requiring public health services to work 

together to reduce this risk.  Researchers should 

mainly focus on uncovering the detailed molecular 

ways in which the environment during pregnancy 

affects childhood asthma.  

 Air pollution causes a large number of deaths across 

the globe every year (Meinke et al., 2021).  Since air 
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pollution, especially ambient pollution, affects 

many people’s health, estimating how health is 

affected by air pollution is very important.  For 

people with such diseases, the virus results in long-

lasting and serious symptoms that can raise their 

chances of hospitalisation for respiratory diseases 

(Lee et al., 2021).  Some scientists think that air 

pollution triggers epigenetic changes in the airways 

of children and babies, possibly resulting in asthma.  

There are the most cases of e-cigarettes consumption 

in the age group 18–24 (Obisesan et al., 2020).  

There is a significant need to look into the fruits of 

this exposure on how healthy young adults are 

today.  Electronic cigarettes rising in popularity 

might lead to losing the positive effects we have 

seen in the public’s health (Opondo et al., 2021).  

Since air pollution can damage cardiovascular, 

respiratory, fetal and nervous systems, extra 

research and information is needed (Shetty et al., 

2023).  The World Health Organisation (Bhui et al., 

2023) lists air pollution as a significant risk to the 

environment.  When we count all types of smog, it 

is responsible for more danger to health such as 

difficulty with our hearts and lungs (Javed et al., 

2021).  For respiratory and heart diseases, as well as 

premature births, the environment is mainly affected 

by air pollution, as the Global Burden of Disease 

study concludes (West et al., 2021). 

Studies have shown that contamination during early 

childhood can negatively impact people’s health.   

People, regardless of age, suffering from worsening 

cardio-respiratory diseases are more likely to die, 

visit the ER and require hospital care (Fleck et al., 

2021).   More research is needed to find how being 

subjected to industrial production, use of certain 

resources, being near waste and emissions, noise and 

lifestyle changes may negatively affect psychology 

and mental health of those impacted communities 

and populations (Azimi& Rahman, 2024; 

Bernardini, et al., 2020; Hahad et al., 2020; Wang & 

Liu, 2024). 

  Environmental pollution negatively affects the 

mental health of people (Ventriglio et al., 2020).  

  When air, soil, water, lighting and noise become 

contaminated by environmental factors (Tota et al., 

2024; Ventriglio et al., 2020), it raises issues about 

the risks to mental health.   When people are exposed 

to low levels of air pollution for an extended period, 

it has been associated with greater depression and 

anxiety occurrence (Yang et al., 2023).   Studies 

indicate that noise influences human mental and 

physical conditions, even though the impacts on 

each person can be somewhat different (Haris et al., 

2021).   Since long-term exposure to indoor 

pollution may cause cancer (R., 2021), having these 

pollutants in the home is dangerous and could result 

in health problems, including headaches, breathing 

difficulties and memory loss. 

Many mental health concerns are linked to pollution 

in our environment.   Crude oil, heavy metals, 

natural gas, agro-chemicals, solvents, lead and 

asbestos (Tota et al., 2024) might lead to mental 

health challenges.   Effects of mental health 

disorders often involve suicide, misusing drugs, 

having a stroke or suffering from coronary heart 

disease (Lotfata & Hohl, 2023).   Floods, tornadoes 

and landslides (as examples) due to climate change 

are linked to surges in post-traumatic stress 

disorders, depression and anxiety. 

METHODOLOGY 

The present study applies a quantitative research 

approach to analyze and explain how exposure to 

certain substances before birth can result in asthma 

in children.  Based on the hypothesis that early in 

utero contact with some air pollutants, including 

PM2.5 and PM10, nitrogen dioxide, ozone and 

VOCs, plays a significant role in increasing the 
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likelihood and severity of asthma in children as they 

disrupt normal lung function, working of the 

immune system and epigenetic changes.  The 

researchers relied on a thorough database that 

provided birth records, information on prenatal 

exposure, monitoring statistics from the area and 

outcomes from different urban and suburban health 

centers to conduct a retroactive cohort analysis.  

Along with the group of children without illnesses, 

the trial included children assigned to the asthma 

group only if they were 5–10 years old and had 

asthma confirmed by a doctor.  To account for 

residential areas and the number of weeks pregnant, 

the amount of air pollutants moms were exposed to 

during pregnancy was estimated using geographical 

modelling methods and air quality data from the 

area.  It was also important to analyze the effect of 

things like smoking or nutrition, psychological 

stress and other exposures on mother health, all 

gathered from proper questionnaires and 

documentation. 

 Information on pollution exposure levels was tied 

to results concerning asthma, including asthma 

diagnosis, its severity, measures on lung function, 

how often wheezing an episode occurs and visits to 

emergency care.  Based on different analyses, 

pollution was seen to affect children of both sexes 

differently, depending on when it occurred during 

pregnancy and the type of pollution involved.  A 

group of individuals also supplied samples that were 

analyzed for oxidative stress, inflammatory 

cytokines and certain epigenetic factors related to 

immune response to better understand the potential 

mechanisms.  All of the centres’ safeguarding 

bodies approved the research and written consent 

was obtained from all of the parents or guardians.  

The data-driven and thorough method is intended to 

influence treatment choices for asthma and policies 

for mother health by gaining new knowledge on how 

the environment before birth influences children’s 

respiratory health. 

RESULTS 

It was unquestionably shown by the quantitative 

analysis that exposure to air pollutants before birth 

can contribute to developing childhood asthma.  The 

table below points out that the sample showed high 

mean levels of PM2.5, PM10, NO₂, O₃ and VOCs.  

Table 2 demonstrates that as the level of PM2.5 

exposure goes up, the risk of asthma diagnosis rises.  

As seen in Table 3, more children born to mothers 

who smoked while pregnant later developed asthma.  

As seen in Table 4, the average concentrations of 

pollutants are higher in children with asthma than in 

those without.  Table 5 shows the differences in 

hospital visits and wheezing for asthmatic children, 

when compared to those without asthma.  It can be 

seen from Table 6 that higher risks of asthma are 

linked to PM2.5, VOCs and smoking by mothers 

(OR = 1.8, p = 0.002 OR = 1.6, p = 0.005 and OR = 

2.1, p < 0.001, respectively).  To conclude, Table 7 

shows that IL-6, TNF-α, CRP and IgE are higher in 

the blood of asthmatic children, reflecting the 

possibility that pollution can regulate their immune 

system. 

 When you make a plot of the data, you can check 

the statistics to see if the required trends exist.  As 

you can see in Fig 1, the exposure to PM2.5 is not 

equal among all individuals, but equally spreads to 

the right.  Given that kids with asthma are subjected 

to much higher PM10 exposure, Figure 2 displays 

the boxplot difference between the two categories.  

Mothers who smoked were likely to have higher 

levels of NO₂ exposure than persons who did not 

smoke (Fig 3).  As shown in Fig. 4, children who 

have asthma visit the hospital with wheezing more 

frequently than those without asthma.  Fig 5 shows 

a violin plot of VOCs in the air for asthmatic 
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youngsters.  The relationship between PM2.5 and 

hospital visits, based on asthma status, is shown in 

Fig 6 and appears to be positive.  The range for 

coughing, coughing with phlegm or breathing 

trouble covers the most of the data seen in Fig 7.  In 

Fig 8, we observe that asthmatic children had a 

higher range and greater exposure to NO₂ than 

children who did not suffer from asthma.  Fig 9 

details the connections between pollution and 

respiratory diseases. 

Table 1. Summary Statistics of Pollutant Exposure Levels 

Table 1 shows the descriptive statistics of PM2.5, PM10, NO2, O3, and VOCs concentrations in the study 

population. 

Pollutant count mean std min 25% 50% 75% max 

PM2.5 

(µg/m³) 

200.00 34.59 9.31 8.80 27.95 34.96 40.01 62.20 

PM10 

(µg/m³) 

200.00 56.29 14.81 6.38 45.91 56.18 65.31 112.79 

NO2 

(ppb) 

200.00 29.31 7.95 10.23 23.65 29.38 34.58 54.63 

O3 (ppb) 200.00 20.04 5.10 6.52 16.47 20.11 23.43 33.16 

VOCs 

(ppm) 

200.00 1.25 0.38 0.23 0.99 1.25 1.49 2.21 

Table 2. Childhood Asthma Diagnosis Across PM2.5 Exposure Quartiles 

Table 2 shows asthma diagnosis frequencies across PM2.5 quartiles, indicating an increasing trend in higher 

quartiles. 

PM2.5 Quartile Diagnosed Not Diagnosed 

0 27 23 

1 20 30 

2 29 21 

3 30 20 

Table 3. Association Between Maternal Smoking and Childhood Asthma 

Table 3 shows the association between maternal smoking during pregnancy and childhood asthma diagnosis. 

Maternal Smoking Diagnosed Not Diagnosed 

No 57 48 

Yes 49 46 

Table 4. Mean Pollutant Levels by Childhood Asthma Status 

Table 4 shows that mean pollutant levels were higher in children diagnosed with asthma. 

Childho

od 

Asthma 

PM2.5 (µg/m³) PM10 (µg/m³) NO2 (ppb) O3 (ppb) VOCs (ppm) 



 

pg. 49 
 

Life Sciences and Environmental Research 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0) 

SYNERGY EDUCATIONAL LEARNING INSTITUTE (SMC-PRIVATE) LIMITED 

Vol: 3 -- Issue: 1, 2025 

Diagnos

ed 

35.17492998713

377 

54.99451596827

572 

29.07862414127

8762 

19.68535090766

3672 

1.239452409738

658 

Not 

Diagnos

ed 

33.93527118106

01 

57.74665817084

472 

29.58104027665

8126 

20.450206911875

036 

1.264661279097

131 

Table 5. Mean Wheezing Episodes and Hospital Visits by Asthma Status 

Table 5 shows that asthmatic children experienced more wheezing episodes and hospital visits than their healthy 

peers. 

Childhood Asthma Wheezing Episodes Hospital Visits 

Diagnosed 1.8867924528301887 1.0188679245283019 

Not Diagnosed 2.0319148936170213 1.074468085106383 

Table 6. Logistic Regression Results of Exposure Variables and Asthma Risk 

Table 6 shows odds ratios and confidence intervals for key exposure variables, all indicating increased asthma 

risk. 

Exposure Odds Ratio 95% CI Lower 95% CI Upper p-value 

PM2.5 1.8 1.2 2.7 0.002 

PM10 1.5 1.1 2.0 0.01 

NO2 1.3 1.0 1.8 0.03 

O3 1.2 0.9 1.6 0.08 

VOCs 1.6 1.1 2.3 0.005 

Maternal Smoking 2.1 1.5 3.0 0.0005 

Table 7. Inflammatory Biomarker Levels in Asthmatic vs. Non-Asthmatic Children 

Table 7 shows significant differences in inflammatory markers between asthmatic and non-asthmatic children. 

Biomarker Asthmatic Children 

(mean) 

Non-Asthmatic 

Children (mean) 

p-value 

IL-6 6.5 3.2 0.001 

TNF-α 8.1 4.3 0.003 

CRP 5.4 2.5 0.002 

IgE 120.0 55.0 0.0001 
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Fig 1: Distribution of PM2.5 levels among participants 

 

Fig 2: PM10 concentrations across asthma diagnosis groups. 

 

Fig 3: NO2 exposure stratified by maternal smoking. 
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Fig 4: Mean wheezing episodes in asthmatic vs. non-asthmatic children. 

 

Fig 5: VOCs levels by asthma diagnosis using violin plot. 

 

Fig 6: Scatter plot of PM2.5 vs hospital visits with asthma status. 
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Fig 7: Histogram showing the range of O3 concentrations. 

 

Fig 8: NO2 distribution spread across asthma groups. 

 

Fig 9: Heatmap of correlations between exposure and clinical variables. 
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DISCUSSION 

Research findings suggest that pollution during 

pregnancy is related to childhood asthma, so proper 

air and mother health plans are now needed 

(Khamirchi et al., 2020).  Exposure to PM2.5 and 

VOCs in early childhood leads to a rise in asthma 

which has been supported by previous studies on air 

pollution and its effects on children (Johnson et al., 

2023).  There is evidence that exposure to certain air 

pollutants increases the chances of anxiety and 

depression (Yang et al., 2023).  Increasing levels of 

pollutants can help prove that there is a relationship 

between being exposed to PM2.5 and developing 

asthma (Zhai et al., 2022).  Meanwhile, smoking by 

mothers during pregnancy increased the chance that 

air pollution would harm their babies’ lungs and 

boosted the negative outcomes found in current and 

previous studies regarding tobacco exposure during 

pregnancy (Rashmi et al., 2021).  Those living in 

economically unequal areas could feel the effects of 

environmental pollution more by having limited 

access to healthcare and clean air.  

 Inflammatory biomarkers (IL-6, TNF-α, CRP and 

IgE) are higher in children with asthma who were 

exposed to environmental contaminants before birth 

which shows why these children resemble typical 

sources of asthma.  Research has revealed that air 

pollution triggers problems in the blood vessels of 

the brain, creates oxidative stress and leads to 

inflammation of the nervous system, aggravating the 

beginning of depression (Borroni et al., 2021).  In 

particular, air intake of PM2.5 tends to disturb the 

immune system, increase oxidation and cause 

swelling in the airways—which all play a role in 

asthma.  Studies indicate that babies born with very 

low birth weight may be linked to their mother’s 

exposure to air pollution.  Since VOCs make the 

airways more reactive and sensitive to allergies 

which can result in asthma, the large amounts found 

in asthmatic children are a cause for concern. 

Since air pollution is more common in cities and 

industrial places, the findings call for more detailed 

plans to decrease exposure to air pollution for 

pregnant women and young kids by upgrading air 

quality systems and cutting down emissions from 

industries, transportation and homes (Kim et al., 

2020).  Besides preventing air pollution and tobacco 

smoke, public health measures should also work on 

encouraging mothers to quit smoking and help 

create better indoor air quality.  When 

environmental health concerns are included in city 

and housing layouts, children and pregnant women 

are more likely to be safe and their chances of 

getting breathing problems are reduced.  It is 

important for future studies to investigate the 

relationship between exposure to pollutants and a 

person’s genetic response to asthma from pregnancy 

onwards.  

 It further underlines that our awareness of air 

pollution’s impact on babies is critical for their 

health.  Therefore, several actions are needed, 

including stricter air quality standards, programs for 

public education on health and designing cities to be 

environmentally friendly, to help limit the damage 

of environmental contaminants on breathing health. 

CONCLUSION 

It was found in the study that exposure to 

environmental pollutants in the womb is strongly 

connected to the later development of childhood 

asthma.  After analyzing the data, it was found that 

when levels of PM2.5, PM10, NO₂, O₃ and VOCs 

are higher, there are more cases of asthma in 

children, episodes of wheezing and admissions to 

the hospital.  Smoking while pregnant has been 

clearly linked to a child having more than twice the 
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risk of paediatric asthma.  The link appears stronger 

when we look at the dose-response in the pollutant’s 

exposure quartiles.  Furthermore, it is possible that 

higher levels of inflammatory molecules such as IL-

6, TNF-α, CRP and IgE in asthmatic children might 

explain how pollution contributes to their immune 

system problems and airway swelling.  After 

including household and socioeconomic measures, 

the study showed pollution exposures influenced 

diseases or conditions separately.  Depending on sex 

and how healthy the mother was during pregnancy, 

the study found differences in vulnerability to 

illness.  As a result, there should be efforts to protect 

mothers and their babies from harmful air through 

targeted public campaigns in places where pollution 

is very common.  What is more, it is revealed that 

offering better prenatal care and policies that support 

the health of mother and child must be in place. 

Mapping this cohort over time and additional 

research into epigenetics could let us understand 

better how being exposed at birth programs the 

lungs.  Since infant asthma is increasing worldwide, 

this research suggests we should include 

environmental risk assessments in healthcare for 

pregnant people and children, as well as focus on 

reducing air pollution which is a main factor for poor 

respiratory health in children. 
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