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Objectives: Air pollution poses a substantial public health risk, especially in 
urban environments characterized by elevated levels of pollutants such as 
fine particulate matter (PM2.5) and nitrogen dioxide (NO2). These pollutants 
negatively impact respiratory health, contributing to chronic respiratory 
conditions and reduced lung function. This study investigated the association 
between air pollution exposure and respiratory health outcomes, including 
the prevalence of chronic respiratory conditions and pulmonary function, in 
an urban population. Additionally, the study sought to identify demographic 
subgroups that are unprotected from the ill effects of air pollution.

Methods: A cross-sectional study included a total of 1,300 adult participants 
recruited from outpatient pulmonary and general medicine clinics. Air pollution 
exposure was assessed based on residential proximity to major traffic routes 
and ambient levels of PM2.5 and NO2 obtained from the Riyadh air quality 
monitoring network. Lung function was measured using spirometry, and data 
on chronic respiratory conditions were collected through self-reports and 
medical record reviews. Multivariable logistic regression and linear regression 
models were used to analyze the association between air pollution exposure and 
respiratory outcomes, adjusting for confounders such as age, gender, smoking 
Status, socioeconomic Status, physical activity, and occupational exposures.

Results: Higher air pollution level exposures were significantly associated with 
an increased prevalence of chronic respiratory conditions (adjusted OR for high 
exposure: 2.45, 95% CI: 1.70–3.55, p < 0.001) and a reduction in lung function, 
as indicated by declines in FEV1 and FVC (adjusted FEV1 coefficient for high 
exposure: -0.45, 95% CI: −0.58 to −0.32, p < 0.001). Subgroup analyses revealed 
that older adults, males, and current smokers were particularly susceptible to the 
adverse effects of air pollution. Sensitivity analyses confirmed the robustness of 
these findings across different analytical scenarios.

Conclusion: The study demonstrated a clear and significant association 
between higher air pollution level exposures and an increased risk of chronic 
respiratory conditions and reduced lung function. These findings highlight the 
need for specific interventions to decrease air pollution exposure, particularly 
in vulnerable urban populations, to mitigate the burden of respiratory diseases.
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Introduction

Air pollution remains a significant global public health concern, 
supported by mounting evidence linking it to various adverse health 
outcomes (1). The expansion of urban areas, industrial activities, and 
the proliferation of motor vehicles have all contributed to heightened 
ambient air pollution levels, especially in densely populated urban 
centers (2). Key pollutants like particulate matter (PM), sulfur dioxide 
(SO2), nitrogen dioxide (NO2), and ozone (O3) are prevalent in these 
settings and extensively researched for their health impacts (3). Fine 
particulate matter (PM2.5) can reach the deeper lung regions, 
triggering inflammatory responses, while ultrafine particles (PM0.1) 
have the potential to translocate into the bloodstream (4). 
Epidemiological studies consistently demonstrate that prolonged 
exposure to these pollutants is linked to increased morbidity and 
mortality, notably from cardiovascular and respiratory diseases (4). 
Recognizing air pollution as a paramount factor for global disease 
burden risk, the World Health Organization (WHO) underscores the 
critical imperative to address this pressing environmental 
challenge (3).

Assessing respiratory health through lung function analysis is 
crucial in understanding the impact of air pollution (5). Spiro-metric 
measurements, such as forced expiratory volume in 1 s (FEV1) and 
forced vital capacity (FVC), serve as key indicators of pulmonary 
function and play a critical role in diagnosing and monitoring 
respiratory illnesses like asthma, chronic obstructive pulmonary 
disease (COPD), and chronic bronchitis (6). Decreases in FEV1 and 
FVC signal impaired lung function, often attributable to prolonged 
exposure to environmental pollutants (6). Studies have consistently 
shown that people residing in areas with elevated air pollution levels 
experience significant declines in lung function, independent of 
factors like smoking and occupational hazards (6). These declines not 
only reflect respiratory impairment but also predict adverse long-term 
health outcomes, including heightened risks of hospitalization and 
premature mortality (7). Monitoring and mitigating environmental 
exposures are therefore essential to safeguarding respiratory health in 
the face of air pollution challenges (8).

Subgroup analysis is an essential methodological approach in 
epidemiological studies, allowing researchers to identify populations 
that are susceptible to the ill effects of air pollution (9). Factors such 
as age, gender, smoking Status, and pre-existing health conditions can 
influence an individual’s susceptibility to air pollutants (10). Older 
adults may experience more severe health effects due to age-related 
declines in physiological resilience, while smokers may face 
compounded risks due to the combined effects of tobacco smoke and 
ambient air pollution (11). By conducting subgroup analyses, studies 
can provide insights into how different segments of the population are 
affected by environmental exposures, enabling the development of 
targeted public health interventions (12). Sensitivity analysis further 
enhances the robustness of study findings by testing the stability of 
results under various assumptions and methodological scenarios (13). 
This approach helps to ensure that observed associations are not 
artifacts of specific analytical choices and that the results are 
generalizable to broader populations (13).

Despite the growing body of literature on air pollution and 
respiratory health, several research gaps remain. Much of the existing 
research has focused on short-term exposure and acute health effects, 
with less emphasis on long-term exposure and chronic conditions 

(14). Furthermore, while numerous studies have demonstrated the 
overall impact of air pollution on lung function, few have 
systematically examined the differential effects across various 
demographic and clinical subgroups (15). Understanding how factors 
such as age, gender, and smoking status amplify the association 
between air pollution and respiratory health is crucial for developing 
effective public health strategies (16). Additionally, previous studies 
have often relied on aggregate measures of pollution exposure, which 
may not accurately reflect individual-level exposures (17). More 
refined analyses are needed that consider variations in exposure levels 
within populations and across different environmental settings. 
Addressing these gaps will enhance our understanding of the complex 
interactions between air pollution and respiratory health and inform 
more effective policies to mitigate the adverse effects of 
environmental pollutants.

The present study aims to address these gaps by systematically 
examining the association between air pollution exposure and 
respiratory health outcomes in a large urban population. The study 
has four primary objectives: (1) to find the association between air 
pollution exposure and the prevalence of chronic respiratory 
conditions, (2) to study the effect of air pollution on lung function as 
measured by FEV1 and FVC, (3) to conduct subgroup analyses to 
identify populations that are at risk to the ill effects of air pollution, 
and (4) to perform sensitivity analyses to test the robustness of the 
observed associations across different analytical scenarios.

Materials and methods

Design

This cross-sectional study was carried out from April 2022 to 
February 2023 at a tertiary hospital in Riyadh, Saudi Arabia, and 
examined the relationship between air pollution exposure and 
respiratory health outcomes. Participants were recruited from 
outpatient pulmonary and general medicine clinics, with air pollution 
exposure assessed based on residential proximity to major traffic 
routes and ambient pollutant levels. Lung function was measured 
using spirometry, and demographic details and clinical data were 
collected through interviews and medical records. Ethical approval 
was granted for the study by DRS, KKU (REC#345–2022) on 
23/03/2022, and written informed consents were obtained from all 
the subjects.

Participants

The study included a total of 1,300 adult participants recruited 
from the outpatient pulmonary and general medicine clinics in 
Riyadh, Saudi Arabia. Eligible participants were adults aged 18 years 
and older who had resided in Riyadh for a minimum of 5 years, 
ensuring sufficient exposure to the city’s air pollution levels for 
meaningful analysis. Participants were required to be able to give 
informed consent and complete the study procedures, including 
spirometry testing and interviews. Exclusion criteria included 
individuals with acute respiratory infections at the time of assessment, 
as these could temporarily affect lung function measurements. 
Participants with known interstitial lung disease, those who had 
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undergone lung surgery, or individuals on long-term oxygen therapy 
were also excluded to avoid confounding factors that could influence 
respiratory health outcomes independently of air pollution exposure. 
The selection process aimed to include a diverse sample of the urban 
population, reflecting varying levels of air pollution exposure due to 
differences in residential proximity to major traffic routes and 
environmental settings within the city.

Variables and data collection

The primary outcome variables in this study were chronic 
respiratory conditions and lung function parameters. Chronic 
respiratory conditions include asthma, chronic bronchitis, and 
COPD. These conditions were identified through a combination of 
self-reported medical history and confirmation via a review of 
participants’ medical records from King Khalid University Hospital. 
Participants were queried about previous diagnoses of respiratory 
diseases, and these responses were cross-verified with their clinical 
records to ensure accuracy and reliability in diagnosing chronic 
respiratory conditions.

Lung function was assessed using spirometry, with FEV1 and 
forced vital capacity (FVC) serving as the key measures. Spirometry 
tests were conducted according to the American Thoracic Society 
(ATS) guidelines, ensuring standardized procedures across all 
participants. Each participant performed the test a minimum of three 
times to ensure reproducibility and accuracy, with the highest values 
of FEV1 and FVC recorded for subsequent analysis. These spirometric 
measurements provided a quantitative assessment of lung function, 
allowing for the evaluation of any declines that may be associated with 
varying levels of air pollution exposure.

The primary exposure variable was air pollution, specifically 
focusing on the levels of fine particulate matter (PM2.5) and nitrogen 
dioxide (NO2). Data on air pollution levels were obtained from the 
Riyadh air quality monitoring network, which provided continuous 
measurements of pollutant concentrations at various locations 
throughout the city. Pollutant levels were recorded throughout the 
study period at regular intervals for comprehensive coverage. 
Participants’ residential addresses were geocoded and linked to the 
nearest monitoring station, with proximity to major traffic routes 
calculated using GIS software. Exposure was categorized into three 
thresholds: <1 km, 1–3 km, and > 3 km, with closer distances 
indicating higher pollution exposure. Mean annual PM2.5 and NO2 
concentrations were used to assess long-term exposure, minimizing 
short-term variability and aligning with chronic exposure research. 
Distance classifications were chosen based on Riyadh’s urban layout, 
residential patterns, and monitoring station distribution. While some 
studies apply shorter distances (100 m, 250 m, 800 m) for traffic-
related pollution assessment, our approach ensures effective 
differentiation within the city’s spatial framework.

Exposure classification was based on a composite measure 
integrating residential proximity to major traffic routes and annual 
mean concentrations of NO2 and PM2.5. Low exposure was defined as 
residing >3 km from major roads with NO2 < 35 μg/m3 and 
PM2.5 < 20 μg/m3; moderate exposure included those residing 1–3 km 
from major roads with NO2 levels of 35–50 μg/m3 and PM2.5 of 
20–30 μg/m3; and high exposure included individuals living <1 km from 
major roads with NO2 > 50 μg/m3 and PM2.5 > 30 μg/m3. Sensitivity 

analyses were conducted by separately assessing pollutant concentrations 
and traffic proximity to enhance comparability with existing studies.

Demographic variables included age and BMI as continuous 
measures, while gender, marital status, and residential Area were 
categorical. Smoking status was classified as current, former, or never 
smoker based on self-reports. Socioeconomic Status was determined 
through a structured questionnaire assessing education level, 
household income, and occupation, categorizing participants into low, 
middle, or high groups. Occupational exposure was evaluated based 
on job type and exposure to respiratory hazards, distinguishing 
manual from non-manual workers. Physical activity levels were 
categorized as low, moderate, or high using a standardized 
questionnaire assessing weekly exercise frequency and intensity. 
Pre-existing chronic conditions were self-reported and verified 
through medical records. Structured survey questions provided 
standardized assessments of smoking history, occupational exposure, 
and physical activity based on validated epidemiological criteria.

Physical activity levels were assessed using a standardized 
questionnaire that measured frequency and intensity. Occupational 
exposure was evaluated through structured interviews, where 
participants detailed their job roles, work environments, and potential 
contact with respiratory hazards such as dust, fumes, and chemicals. 
Based on this information, occupations were categorized as manual 
(e.g., construction, manufacturing, transportation) or non-manual 
(e.g., office-based professions) to account for workplace pollutant 
exposure. These covariates were systematically collected and analyzed 
to control for confounders, ensuring a comprehensive assessment of 
the relationship between air pollution exposure and respiratory health 
outcomes. To address missing data, sensitivity analyses were 
performed using multiple imputations, and results were compared 
with complete-case analyses. Occupational exposure and physical 
activity were excluded from the main model to minimize potential 
multicollinearity and were instead included in sensitivity analyses, 
which confirmed the stability of the findings. Secondhand smoke 
exposure was added to the primary regression models as an additional 
covariate to account for its potential confounding effect.

Sensitivity analyses incorporated alternative definitions of 
pollution exposure. In addition to classifying exposure based on 
proximity to major traffic routes and annual mean PM2.5 and NO2 
levels, participants were categorized into tertiles and quartiles of 
pollutant concentrations to examine the robustness of the findings. To 
account for residential mobility and ensure long-term exposure 
assessment, individuals who had lived at their current address for less 
than 3 years were excluded from certain analyses. Mean annual PM2.5 
and NO2 concentrations were calculated as the average pollutant 
levels recorded at air quality monitoring stations over the 12 months 
preceding participant enrollment. Residential addresses were 
geocoded and matched to the nearest monitoring station, with 
individual exposure levels assigned accordingly. This approach follows 
established epidemiological methodologies for assessing chronic air 
pollution exposure while minimizing the impact of short-
term variability.

Data analysis

Descriptive statistics were utilized for demographic and clinical 
characteristics; continuous variables were presented as means with 
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standard deviations (SD), and categorical variables were presented as 
frequencies and percentages. Bivariate analyses utilized chi-square 
tests to evaluate associations between air pollution exposure categories 
and the prevalence of chronic respiratory conditions. Independent 
t-tests compared lung function parameters (FEV1 and FVC) among 
different exposure groups. Multivariable logistic regression models 
assessed the association between long-term air pollution exposure and 
chronic respiratory conditions, adjusting for potential confounders 
such as age, gender, BMI, smoking status, socioeconomic status, and 
comorbidities, calculating adjusted odds ratios (ORs) with 95% 
confidence intervals (CIs). Linear regression models examined the 
impact of varying pollution levels on lung function parameters, 
incorporating interaction terms to explore potential effect 
modification by demographic and lifestyle factors. Subgroup analyses 
stratified by age, gender, smoking status, and pre-existing respiratory 
conditions identified populations potentially more susceptible to air 
pollution effects.

Results

The study population consisted of 1,300 adults with a mean age of 
45.3 years and an equal distribution of males and females (Table 1). 
The majority of participants were never smokers (54%), while 30% 
were current smokers. Most individuals belonged to the middle 
socioeconomic group (52%), and non-manual workers comprised 
65% of the sample. A substantial proportion had pre-existing chronic 
conditions, with hypertension (24%) and diabetes mellitus (22%) 
being the most prevalent. Respiratory conditions were also common, 
with 16% diagnosed with asthma, 13% with chronic bronchitis, and 
6% with COPD. Mean lung function values were 2.90 L for FEV1 and 
3.78 L for FVC. Regarding air pollution exposure, 47% of participants 
experienced moderate levels, while 27% had high exposure. The 
majority (76%) resided in urban areas, and 40% were exposed to 
secondhand smoke at home. The mean NO2 and PM2.5 
concentrations were 45.39 μg/m3 and 25.15 μg/m3, respectively, with 
notable variation across exposure categories.

Air pollution exposure among participants was categorized into 
low, moderate, and high exposure based on proximity to major traffic 
routes and concentrations of PM2.5 and NO2 (Figure 1). Participants 
in the high exposure category lived closest to major traffic routes, with 
a mean distance of 1.20 km, and were exposed to the highest levels of 
PM2.5 (26.10 μg/m3) and NO2 (51.80 μg/m3). Conversely, those in the 
low exposure category resided furthest from traffic routes, with 
significantly lower pollutant levels, including a mean PM2.5 
concentration of 12.50 μg/m3 and NO2 concentration of 21.30 μg/m3. 
The majority of participants (47%) fell into the moderate exposure 
category, characterized by intermediate proximity to traffic and 
pollutant levels. This distribution illustrates the varying degrees of 
pollution exposure among the study population and its potential 
impact on respiratory health (Figure 1).

The association between air pollution exposure and the prevalence 
of chronic respiratory conditions was observed to be significant, with 
higher exposure levels correlating with increased prevalence and 
reduced lung function. Specifically, participants in the high exposure 
category had the highest prevalence of chronic respiratory conditions 
(19.1%) and the lowest mean FEV1 (2.60 L), both showing statistically 
significant differences compared to those in the low and moderate 

exposure groups. The analysis further indicated that age and gender 
had a marginal impact on these associations. These findings 
underscore the adverse effects of increased air pollution exposure on 
respiratory health (Figure 2).

Multivariable logistic regression analysis revealed a strong 
association between higher levels of air pollution exposure and the 
increased likelihood of developing chronic respiratory conditions. 
Table 2 reports the adjusted odds ratios for air pollution exposure 
categories (moderate and high) compared to the reference group 
(low). The model was adjusted for potential confounders, including 
age, gender, BMI, smoking status, socioeconomic status, and 
comorbidities, ensuring that the observed associations account for 
these variables.

Higher exposure to air pollution was significantly associated with 
an increased risk of chronic respiratory conditions, as demonstrated 
by the adjusted odds ratios and regression coefficients (β) in Table 2. 
Individuals in the high-exposure category exhibited the highest risk, 
with a 2.40-fold increased odds of asthma (95% CI: 1.70–3.45, 
p < 0.001, β = 0.88), a 3.20-fold higher odds of COPD (95% CI: 2.10–
4.85, p < 0.001, β = 1.16), and a 2.60-fold greater odds of chronic 
bronchitis (95% CI: 1.80–3.85, p < 0.001, β = 0.95) compared to those 
in the low-exposure group. The moderate-exposure category also 
showed significantly elevated odds for all three conditions, with ORs 
ranging from 1.75 to 2.10 and β values indicating a substantial 
association between air pollution and respiratory disease risk. The 
strong dose–response relationship observed across exposure levels 
underscores the significant impact of ambient pollution on respiratory 
health, independent of potential confounders.

Higher exposure to air pollution was significantly associated with 
a decline in lung function, as evidenced by the linear regression 
analysis (Table 3). Compared to the low-exposure group, individuals 
in the high-exposure category exhibited the greatest reductions in 
both FEV1 (−0.45 L, 95% CI: −0.58 to −0.32, p < 0.001) and FVC 
(−0.55 L, 95% CI: −0.70 to −0.40, p < 0.001), indicating substantial 
impairment in pulmonary function. Moderate exposure was also 
linked to a significant decline, with FEV1 and FVC reductions of 
−0.25 L and − 0.30 L, respectively. The dose-dependent relationship 
between increasing air pollution exposure and lung function decline, 
as reflected in the adjusted coefficients, underscores the detrimental 
impact of ambient pollution on respiratory health. The Adjusted R2 
values, though modest, confirm that air pollution exposure explains a 
significant portion of the variance in lung function, reinforcing its role 
as a critical determinant of pulmonary impairment.

The subgroup analysis of air pollution exposure on respiratory 
health (Table  4) reveals a significant association between higher 
exposure levels and adverse respiratory outcomes across different 
demographic and smoking status groups. In individuals aged 
≥50 years, the odds of respiratory conditions increased substantially 
with exposure, with those in the high-exposure category exhibiting an 
adjusted odds ratio (OR) of 3.40 (95% CI: 2.10–5.25, p < 0.001) 
compared to the reference group. Within this age group, males showed 
a slightly higher OR (3.60, 95% CI: 2.30–5.55) than females (3.10, 95% 
CI: 1.90–4.85), indicating a potential sex-based differential 
susceptibility. The adjusted FEV1 coefficient declined significantly 
with increasing exposure, with high-exposure individuals 
experiencing a reduction of −0.58 (95% CI: −0.75 to −0.42, p < 0.001) 
in FEV1 compared to the reference. This reduction was more 
pronounced in males (−0.65, 95% CI: −0.78 to −0.50) than in females 
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(−0.53, 95% CI: −0.68 to −0.38). Smoking status also influenced 
outcomes, with current smokers exhibiting the highest odds of 
respiratory conditions (OR 3.60, 95% CI: 2.35–5.50) and the greatest 
FEV1 decline (−0.63, 95% CI: −0.78 to −0.48). Ex-smokers and 
non-smokers displayed intermediate risk levels, though still 
significantly elevated compared to the reference. Notably, even 
moderate exposure was associated with increased risk, reinforcing the 
need for targeted interventions to mitigate air pollution-related 
respiratory effects.

Sensitivity analysis confirmed the robustness of the association 
between air pollution exposure and adverse respiratory health 
outcomes, with consistently elevated adjusted odds ratios (ORs) for 
respiratory conditions and significant reductions in FEV1 across all 
models (Figure 3). The full model, which incorporated alternative 
pollution exposure definitions, physical activity, occupational 
exposures, and secondhand smoke, yielded similar results, with ORs 
ranging from 2.10 to 2.45 and FEV1 coefficients indicating a decline 
of approximately 0.40 to 0.55 liters. Additionally, assessing the impact 
of a 10 μg/m3 increase in NO2 and PM2.5 exposure showed an 
adjusted OR of 1.25 (95% CI: 1.15–1.35, p < 0.001) for NO2 and 1.30 
(95% CI: 1.18–1.42, p < 0.001) for PM2.5. The exclusion of participants 
with missing data and adjustments for residential mobility did not 
materially alter the findings, reinforcing the stability of the observed 
associations across different analytical approaches.

Discussion

The current study aimed to explore the relationship between 
exposure to air pollution and respiratory health outcomes in an urban 
adult population. Objectives included assessing the prevalence of 
chronic respiratory conditions, evaluating lung function using FEV1 
and FVC measurements, and analyzing the effects of varying pollution 
levels. Findings indicated a clear and significant association between 
increased air pollution exposure and higher prevalence rates of 
respiratory conditions, accompanied by notable declines in lung 
function. Multivariable logistic regression analyses consistently 
demonstrated that individuals exposed to high pollution levels had 
significantly elevated odds ratios for developing chronic respiratory 
conditions, ranging from 2.45 to 2.30 across different models. 
Subgroup and sensitivity analyses further underscored the robustness 
of these findings across diverse demographic and analytical contexts, 
underscoring the adverse impact of air pollution on respiratory health.

The observed results can be attributed to the direct relationship 
between proximity to major traffic routes and the concentration of 
harmful pollutants such as PM2.5 and NO2. Participants living closer 
to these high-traffic areas were exposed to significantly higher levels 
of air pollutants, which are known to have deleterious effects on 
respiratory health (18). PM2.5 particles, due to their small size, can 
reach deeper into the lungs and even enter the bloodstream, leading 
to inflammation and exacerbation of chronic respiratory conditions 
(19). Similarly, NO2 is a potent irritant that can aggravate asthma and 
contribute to the development of chronic bronchitis and other 
respiratory diseases (19). The higher prevalence of chronic respiratory 
conditions and the significant reduction in lung function (FEV1) 
observed in the high-exposure group are likely due to the cumulative 
and sustained exposure to these pollutants (20), which overwhelm the 
body’s defense mechanisms, leading to chronic inflammation, airway 

TABLE 1 Demographic and clinical characteristics of the study 
population.

Characteristic Total (N = 1,300)

Age, years (Mean ± SD) 45.3 ± 12.6

Gender, n (%)

  Male 650 (50%)

  Female 650 (50%)

BMI, kg/m2 (Mean ± SD) 27.5 ± 4.6

Smoking Status, n (%)

  Current Smoker 390 (30%)

  Former Smoker 208 (16%)

  Never Smoker 702 (54%)

Socioeconomic Status, n (%)

  Low 364 (28%)

  Middle 676 (52%)

  High 260 (20%)

Occupation, n (%)

  Manual Worker 455 (35%)

  Non-Manual Worker 845 (65%)

Marital Status, n (%)

  Married 910 (70%)

  Single 286 (22%)

  Divorced/Widowed 104 (8%)

Physical Activity Level, n (%)

  Low 455 (35%)

  Moderate 624 (48%)

  High 221 (17%)

Pre-existing Chronic Conditions, n (%)

  Hypertension 312 (24%)

  Diabetes Mellitus 286 (22%)

  Cardiovascular Disease 130 (10%)

Respiratory Conditions, n (%)

  Chronic Bronchitis 169 (13%)

  Asthma 208 (16%)

  COPD 78 (6%)

Lung Function (Mean ± SD)

  FEV1, L 2.90 ± 0.68

  FVC, L 3.78 ± 0.82

Air Pollution Exposure, n (%)

  Low 338 (26%)

  Moderate 611 (47%)

  High 351 (27%)

Residential Area, n (%)

  Urban 988 (76%)

  Suburban 312 (24%)

Exposure to Secondhand Smoke at Home, n (%)

  Yes 520 (40%)

  No 780 (60%)

NO2 (Mean ± SD, Range in μg/m3) 45.39 ± 9.89, 12.59–83.53

PM2.5 (Mean ± SD, Range in μg/m3) 25.15 ± 4.92, 9.90–40.97

SD, Standard Deviation; BMI, Body Mass Index; FEV1, Forced Expiratory Volume in one 
second; FVC, Forced Vital Capacity; COPD, Chronic Obstructive Pulmonary Disease. The 
‘Occupation’ variable represents this classification, distinguishing manual from non-manual 
workers to account for differential exposure to workplace pollutants.
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remodeling, and impaired lung function (20). These findings were 
similar to the previous studies that documented the negative impact 
of air pollution on respiratory health (16, 21, 22). A study by Hsu et al. 
(23) demonstrated a strong association between long-term exposure 
to traffic-related air pollution and increased risk of asthma and COPD 
(23). Similarly, the research conducted by Yu et al. (24) highlighted the 
detrimental effects of PM2.5 on lung development in children, leading 
to reduced lung function that persists into adulthood (24). The 
consistent results across various studies reinforce the conclusion that 
proximity to high pollution sources, such as major traffic routes, is a 
significant risk factor for chronic respiratory conditions (24). The 
present study adds to this body of evidence by quantifying the impact 
of specific pollutants, thereby emphasizing the need for stringent air 
quality controls and public health interventions to mitigate these risks.

The significant association between higher air pollution exposure 
levels and the increased likelihood of developing chronic respiratory 
conditions can be attributed to the cumulative effects of prolonged 
exposure to harmful pollutants such as PM2.5 and NO2 (25). These 
pollutants, primarily emitted by vehicular traffic, are known to cause 
oxidative stress and chronic inflammation in the respiratory system 
(26). As observed in the multivariable logistic regression analysis, 
individuals exposed to moderate and high levels of air pollution had 
markedly higher odds of developing chronic respiratory conditions, 
with adjusted odds ratios of 1.85 and 2.45, respectively. This 
heightened risk is likely due to the sustained inflammatory response 
triggered by these pollutants, leading to structural changes in the 
airway and the development of conditions such as asthma, chronic 
bronchitis, and COPD (27). The statistically significant p-values and 

well-defined confidence intervals further corroborate the robustness 
of these findings, highlighting the serious public health implications 
of air pollution (28).

The observed negative impact of air pollution on lung function 
aligns with findings from previous studies. Wu et al. (29) reported a 
similar decline in lung function associated with long-term exposure 
to PM2.5, emphasizing the pollutant’s role in reducing FEV1 and FVC 
(29). Additionally, a study by Goossens et al. (30) demonstrated that 
chronic exposure to air pollution, particularly in urban settings, leads 
to a progressive decline in lung function over time (30). These studies, 
along with the current findings, suggest that air pollution not only 
increases the risk of chronic respiratory conditions but also 
significantly impairs lung function, contributing to a reduced quality 
of life and increased morbidity among affected individuals (30). The 
linear regression results, showing a clear dose–response relationship 
between pollution levels and lung function decline, further reinforce 
the need for effective pollution control measures to protect respiratory 
health (31).

The subgroup analysis indicates that the deleterious effects of 
air pollution on lung health are influenced by age, gender, and 
smoking status (32). Older adults (aged ≥50 years) exhibited the 
highest susceptibility, with significantly elevated odds of developing 
chronic respiratory conditions and more pronounced declines in 
lung function (FEV1) as air pollution exposure increased (32). The 
findings of this study demonstrate a significant association between 
increased air pollution exposure and a higher prevalence of asthma, 
COPD, and chronic bronchitis. These results align with previous 
epidemiological studies showing that long-term exposure to NO2 

FIGURE 1

Air pollution exposure assessment: proximity to traffic routes, PM2.5, and NO2 concentrations across exposure categories.
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and PM2.5 contributes to airway inflammation and lung function 
decline (33). The observed associations remained robust after 
adjusting for key confounders, including socioeconomic status, 
occupational exposures, and secondhand smoke. Among the high-
exposure group, COPD showed the strongest association, 
reinforcing prior evidence that chronic exposure to airborne 
pollutants exacerbates obstructive lung diseases (34). A key factor 
influencing these associations is smoking status, as current smokers 
exhibited greater declines in lung function and higher odds of 
respiratory conditions compared to non-smokers (35). This 
supports prior research indicating that tobacco smoke and air 
pollution have synergistic effects, worsening airway inflammation 
and respiratory impairment (36). Additionally, occupational 
exposure to dust and fumes, particularly among manual workers, 
further contributed to respiratory risks, emphasizing the need for 
workplace safety measures (37). Age and gender also played a role, 
with older adults and males being more susceptible to pollution-
related lung function decline, likely due to cumulative lifetime 
exposure and biological differences in respiratory physiology (37).

The sensitivity analysis highlights the robustness of the observed 
association between air pollution exposure and adverse respiratory 
health outcomes, confirming that the relationship persists across 
various analytical adjustments (38). The consistently elevated adjusted 
odds ratios (ORs) for respiratory conditions and significant reductions 
in FEV1 across different models suggest that the negative impact of air 
pollution on respiratory health is not dependent on specific definitions 
of pollution, participant inclusion criteria, or adjustments for 
confounding factors such as physical activity and occupational 
exposures (39). The minimal variation in ORs and FEV1 coefficients 
across these scenarios indicates that the association between air 
pollution and respiratory health is strong and reliable, further 
reinforcing the causal link between exposure and adverse health 
outcomes (40). These findings emphasize the pervasive effect of air 
pollution on lung function and the development of respiratory 
conditions, regardless of the methodological approaches used in the 
analysis (40). Sensitivity analyses using alternative exposure 
definitions, including tertiles and quartiles of PM2.5 and NO2 
concentrations, confirmed the robustness of the observed associations. 

FIGURE 2

Bivariate analysis of air pollution exposure: FEV1 and chronic respiratory conditions across exposure categories.

TABLE 2 Adjusted odds ratios and regression coefficients for respiratory conditions based on air pollution exposure.

Exposure 
level

Asthma OR 
(95% CI)

Asthma 
p-value

Asthma 
β (SE)

COPD OR 
(95% CI)

COPD 
p-value

COPD β 
(SE)

Chronic 
bronchitis 

OR (95% CI)

Chronic 
bronchitis 
p-value

Chronic 
bronchitis 

β (SE)

Low (Ref) 1.00 (Ref) – – 1.00 (Ref) – – 1.00 (Ref) – –

Moderate 1.85 (1.30–2.63) 0.002 0.62 (0.14) 2.10 (1.45–3.04) 0.001 0.74 (0.17) 1.75 (1.20–2.55) 0.004 0.65 (0.15)

High 2.40 (1.70–3.45) <0.001 0.88 (0.16) 3.20 (2.10–4.85) <0.001 1.16 (0.22) 2.60 (1.80–3.85) <0.001 0.95 (0.18)

OR, Odds Ratio; CI, Confidence Interval; β, Regression Coefficient; SE, Standard Error; COPD, Chronic Obstructive Pulmonary Disease. The regression coefficients (β) indicate the magnitude 
of the association between air pollution exposure levels and respiratory conditions, adjusted for potential confounders.
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Adjusting for residential mobility produced consistent results, 
indicating that pollution exposure classifications remained stable 
across different methodological approaches.

Limitations and future directions

This study has several limitations. The use of proximity to traffic 
routes and average pollutant concentrations as proxies for exposure 
may not fully account for individual variations, such as differences in 
indoor environments and commuting patterns. Additionally, 
unmeasured confounders, including genetic predisposition, dietary 
factors, and the use of respiratory medications, could influence 

respiratory health outcomes. The exclusion of participants with 
missing data may introduce selection bias, and the recruitment of 
individuals from outpatient clinics likely resulted in a higher 
prevalence of chronic respiratory conditions, potentially 
overestimating the association between air pollution and respiratory 
health. Moreover, findings may not be fully generalizable to rural or 
less polluted areas. Due to ethical and privacy considerations, a 
detailed geospatial map indicating residential locations could not 
be provided. Furthermore, the use of broader distance thresholds (1, 
1–3, and >3 km) for pollution exposure classification, while 
appropriate for Riyadh’s urban structure and monitoring station 
coverage, differs from shorter distances (100, 250, and 800 m) 
commonly applied in traffic-related pollution studies. While this 

TABLE 3 Lung function analysis using linear regression models.

Exposure category Coefficients (95% CI) p-value Adjusted R2

FEV1 Model Low (Reference) – – 0.12

Moderate −0.25 (−0.35 to −0.15) <0.001

High −0.45 (−0.58 to −0.32) <0.001

FVC Model Low (Reference) – – 0.12

Moderate −0.30 (−0.42 to −0.18) <0.001

High −0.55 (−0.70 to −0.40) <0.001

FEV1, Forced Expiratory Volume in one second; FVC, Forced Vital Capacity; CI, Confidence Interval. The coefficients indicate the estimated reduction in lung function (FEV1 or FVC) 
associated with moderate and high exposure to air pollution compared to the reference (low exposure) group.

TABLE 4 Subgroup analysis of air pollution exposure on respiratory health.

Subgroup Exposure 
category

Adjusted OR 
(95% CI)

p-value 
(OR)

Adjusted FEV1 
coefficient (95% 

CI)

p-value 
(FEV1)

Mean FEV1 
(SD)

Age < 50 years Low (Ref) 1.00 (Ref) – Reference – 2.80 (0.50)

Moderate 1.78 (1.20–2.64) 0.007 −0.21 (−0.33 to −0.09) 0.002 2.60 (0.45)

High 2.55 (1.65–3.85) <0.001 −0.48 (−0.63 to −0.32) <0.001 2.30 (0.40)

Age ≥ 50 years Low (Ref) 1.00 (Ref) – Reference – 2.60 (0.55)

Moderate 2.25 (1.50–3.35) 0.001 −0.33 (−0.45 to −0.20) <0.001 2.40 (0.50)

High 3.40 (2.10–5.25) <0.001 −0.58 (−0.75 to −0.42) <0.001 2.10 (0.45)

Male (≥50 years) Low (Ref) 1.00 (Ref) – Reference – 2.70 (0.52)

Moderate 2.40 (1.55–3.70) 0.002 −0.38 (−0.52 to −0.23) <0.001 2.45 (0.48)

High 3.60 (2.30–5.55) <0.001 −0.65 (−0.78 to −0.50) <0.001 2.05 (0.44)

Female (≥50 years) Low (Ref) 1.00 (Ref) – Reference – 2.50 (0.53)

Moderate 2.05 (1.35–3.10) 0.004 −0.30 (−0.42 to −0.18) 0.001 2.35 (0.49)

High 3.10 (1.90–4.85) <0.001 −0.53 (−0.68 to −0.38) <0.001 2.00 (0.43)

Current smoker Low (Ref) 1.00 (Ref) – Reference – 2.55 (0.51)

Moderate 2.30 (1.55–3.40) <0.001 −0.37 (−0.50 to −0.25) <0.001 2.38 (0.47)

High 3.60 (2.35–5.50) <0.001 −0.63 (−0.78 to −0.48) <0.001 2.08 (0.42)

Ex-smoker Low (Ref) 1.00 (Ref) – Reference – 2.62 (0.50)

Moderate 1.85 (1.30–2.75) 0.008 −0.29 (−0.40 to −0.18) 0.006 2.42 (0.46)

High 2.75 (1.80–4.20) <0.001 −0.52 (−0.66 to −0.38) <0.001 2.12 (0.41)

Never smoker Low (Ref) 1.00 (Ref) – Reference – 2.65 (0.49)

Moderate 1.65 (1.15–2.45) 0.014 −0.20 (−0.32 to −0.08) 0.003 2.50 (0.45)

High 2.35 (1.50–3.55) <0.001 −0.45 (−0.60 to −0.30) <0.001 2.18 (0.40)

OR, Odds Ratio; CI, Confidence Interval; FEV1, Forced Expiratory Volume in one second; Ref, Reference Category; SD, Standard Deviation; p-value, Probability Value; SE, Standard Error.
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approach ensured sufficient participant distribution across exposure 
categories, it may limit spatial precision in exposure assessment. 
Future studies should consider methodologies that enhance accuracy 
while safeguarding participant confidentiality and explore refined 
distance categorizations to improve exposure assessment granularity. 
Participant recruitment from outpatient clinics likely contributed to 
the high prevalence of chronic respiratory conditions, which may 
overestimate the association between air pollution and respiratory 
health. This selection bias limits the generalizability of the findings to 
the broader population, highlighting the need for future studies with 
population-based sampling.

Conclusion

The findings of this study demonstrate a clear and significant 
association between higher air pollution exposure levels and increased 
prevalence of chronic respiratory conditions, along with a marked 
decline in lung function, as evidenced by reduced FEV1 and FVC 
values. These associations were consistent across various demographic 
subgroups, including older adults, males, and current smokers, who 
exhibited heightened vulnerability to the ill effects of air pollution. 
Sensitivity analyses further confirmed the robustness of these 
relationships, indicating that the observed effects are stable across 
different analytical approaches. These results underscore the need for 
targeted interventions to reduce air pollution exposure, particularly in 

high-risk urban populations, to mitigate the burden of respiratory 
diseases and improve public health outcomes.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by King Khalid 
University Ethics committee. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study. Written informed consent was obtained from 
the individual(s) for the publication of any potentially identifiable 
images or data included in this article.

Author contributions

MA: Conceptualization, Data curation, Formal analysis, 
Methodology, Project administration, Writing  – original draft, 

FIGURE 3

Sensitivity analysis: comparison of adjusted odds ratio (OR) and adjusted FEV1 coefficient across different scenarios.

https://doi.org/10.3389/fpubh.2025.1507882
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Alyami et al. 10.3389/fpubh.2025.1507882

Frontiers in Public Health 10 frontiersin.org

Writing – review & editing. FB: Conceptualization, Data curation, 
Formal analysis, Methodology, Writing – original draft, Writing – 
review & editing. SR: Conceptualization, Data curation, Formal 
analysis, Funding acquisition, Methodology, Project administration, 
Resources, Writing – original draft, Writing – review & editing. RR: 
Conceptualization, Data curation, Formal analysis, Methodology, 
Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. Deanship of Scientific 
Research, King Khalid University. Grant number: RGP. 2/471/45.

Acknowledgments

The authors extend their appreciation to the Deanship of Research 
and Graduate Studies at King Khalid University for funding this work 
through large group research under grant number RGP. 2/471/45.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Turner MC, Andersen ZJ, Baccarelli A, Diver WR, Gapstur SM, Pope CA III, et al. 

Outdoor air pollution and cancer: An overview of the current evidence and public health 
recommendations. CA Cancer J Clin. (2020) 70:460–79. doi: 10.3322/caac.21632

 2. Lu J, Li B, Li H, Al-Barakani A. Expansion of city scale, traffic modes, traffic 
congestion, and air pollution. Cities. (2021) 108:102974. doi: 
10.1016/j.cities.2020.102974

 3. W.H. Organization. WHO global air quality guidelines: Particulate matter (PM2. 5 
and PM10), ozone, nitrogen dioxide, sulfur dioxide, and carbon monoxide. Geneva, 
Switzerland: World Health Organization (WHO) (2021).

 4. Daiber A, Kuntic M, Hahad O, Delogu LG, Rohrbach S, Di Lisa F, et al. Effects of 
air pollution particles (ultrafine and fine particulate matter) on mitochondrial function 
and oxidative stress–implications for cardiovascular and neurodegenerative diseases. 
Arch Biochem Biophys. (2020) 696:108662. doi: 10.1016/j.abb.2020.108662

 5. Guo C, Lv S, Liu Y, Li Y. Biomarkers for the adverse effects on respiratory system 
health associated with atmospheric particulate matter exposure. J Hazard Mater. (2022) 
421:126760. doi: 10.1016/j.jhazmat.2021.126760

 6. Zhou J, Li X, Wang X, Yu N, Wang W. Accuracy of portable spirometers in the 
diagnosis of chronic obstructive pulmonary disease a meta-analysis. NPJ Primary Care 
Respiratory Med. (2022) 32:15. doi: 10.1038/s41533-022-00275-x

 7. Jo YS. Long-term outcome of chronic obstructive pulmonary disease: a review. 
Tuberc Respir Dis. (2022) 85:289–301. doi: 10.4046/trd.2022.0074

 8. Akomolafe OO, Olorunsogo T, Anyanwu EC, Osasona F, Ogugua JO, Daraojimba 
OH. Air quality, and public health: a review of urban pollution sources and mitigation 
measures. Eng Sci Technol J. (2024) 5:259–71. doi: 10.51594/estj.v5i2.751

 9. Hajat A, MacLehose RF, Rosofsky A, Walker KD, Clougherty JE. Confounding 
by socioeconomic status in epidemiological studies of air pollution and health: 
challenges and opportunities. Environ Health Perspect. (2021) 129:065001. doi: 
10.1289/EHP7980

 10. Mallah MA, Soomro T, Ali M, Noreen S, Khatoon N, Kafle A, et al. Cigarette 
smoking and air pollution exposure and their effects on cardiovascular diseases. Front 
Public Health. (2023) 11:967047. doi: 10.3389/fpubh.2023.967047

 11. Dharmarajan T. Physiology of aging. Geriatric gastroenterol. (2021):101–53. doi: 
10.1007/978-3-030-30192-7_5

 12. Fong KC, Heo S, Lim CC, Kim H, Chan A, Lee W, et al. The intersection of 
immigrant and environmental health: a scoping review of observational population 
exposure and epidemiologic studies. Environ Health Perspect. (2022) 130:096001. doi: 
10.1289/EHP9855

 13. Razavi S, Jakeman A, Saltelli A, Prieur C, Iooss B, Borgonovo E, et al. The future 
of sensitivity analysis: an essential discipline for systems modeling and policy support. 
Environ Model Softw. (2021) 137:104954. doi: 10.1016/j.envsoft.2020.104954

 14. Rajak R, Chattopadhyay A. Short and long term exposure to ambient air pollution 
and impact on health in India: a systematic review. Int J Environ Health Res. (2020) 
30:593–617. doi: 10.1080/09603123.2019.1612042

 15. Dominski FH, Branco JHL, Buonanno G, Stabile L, da Silva MG, Andrade A. 
Effects of air pollution on health: a mapping review of systematic reviews and meta-
analyses. Environ Res. (2021) 201:111487. doi: 10.1016/j.envres.2021.111487

 16. Carlsten C, Salvi S, Wong GW, Chung KF. Personal strategies to minimise effects 
of air pollution on respiratory health: advice for providers, patients and the public. Eur 
Respir J. (2020) 55:1902056. doi: 10.1183/13993003.02056-2019

 17. Woodward SM, Mork D, Wu X, Hou Z, Braun D, Dominici F. Combining 
aggregate and individual-level data to estimate individual-level associations between air 
pollution and COVID-19 mortality in the United States. PLOS Global Public Health. 
(2023) 3:e0002178. doi: 10.1371/journal.pgph.0002178

 18. Morici G, Cibella F, Cogo A, Palange P, Bonsignore MR. Respiratory effects of 
exposure to traffic-related air pollutants during exercise. Front Public Health. (2020) 
8:575137. doi: 10.3389/fpubh.2020.575137

 19. Basith S, Manavalan B, Shin TH, Park CB, Lee W-S, Kim J, et al. The impact of fine 
particulate matter 2.5 on the cardiovascular system: a review of the invisible killer. Nano. 
(2022) 12:2656. doi: 10.3390/nano12152656

 20. Rabbani G, Nimmi N, Benke GP, Dharmage SC, Bui D, Sim MR, et al. Ever and 
cumulative occupational exposure and lung function decline in longitudinal population-
based studies: a systematic review and meta-analysis. Occup Environ Med. (2023) 
80:51–60. doi: 10.1136/oemed-2022-108237

 21. Tiotiu AI, Novakova P, Nedeva D, Chong-Neto HJ, Novakova S, Steiropoulos P, 
et al. Impact of air pollution on asthma outcomes. Int J Environ Res Public Health. (2020) 
17:6212. doi: 10.3390/ijerph17176212

 22. Manisalidis I, Stavropoulou E, Stavropoulos A, Bezirtzoglou E. Environmental and 
health impacts of air pollution: a review. Front Public Health. (2020) 8:14. doi: 
10.3389/fpubh.2020.00014

 23. Hsu H-T, Wu C-D, Chung M-C, Shen T-C, Lai T-J, Chen C-Y, et al. The effects of 
traffic-related air pollutants on chronic obstructive pulmonary disease in the 
community-based general population. Respir Res. (2021) 22:1–12. doi: 10.1186/
s12931-021-01812-x

 24. Yu Z, Merid SK, Bellander T, Bergström A, Eneroth K, Georgelis A, et al. Associations 
of improved air quality with lung function growth from childhood to adulthood: the 
BAMSE study. Eur Respir J. (2023) 61:2201783. doi: 10.1183/13993003.01783-2022

 25. Bălă G-P, Râjnoveanu R-M, Tudorache E, Motișan R, Oancea C. Air pollution 
exposure—the (in) visible risk factor for respiratory diseases. Environ Sci Pollut Res. 
(2021) 28:19615–28. doi: 10.1007/s11356-021-13208-x

 26. Yan M, Ge H, Zhang L, Chen X, Yang X, Liu F, et al. Long-term PM2.5 exposure 
in association with chronic respiratory diseases morbidity: a cohort study in northern 
China. Ecotoxicol Environ Saf. (2022) 244:114025. doi: 10.1016/j.ecoenv.2022.114025

 27. Lee Y-G, Lee P-H, Choi S-M, An M-H, Jang A-S. Effects of air pollutants on airway 
diseases. Int J Environ Res Public Health. (2021) 18:9905. doi: 10.3390/ijerph18189905

 28. Aghapour M, Ubags ND, Bruder D, Hiemstra PS, Sidhaye V, Rezaee F, et al. Role 
of air pollutants in airway epithelial barrier dysfunction in asthma and COPD. Eur 
Respir Rev. (2022) 31:210112. doi: 10.1183/16000617.0112-2021

https://doi.org/10.3389/fpubh.2025.1507882
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3322/caac.21632
https://doi.org/10.1016/j.cities.2020.102974
https://doi.org/10.1016/j.abb.2020.108662
https://doi.org/10.1016/j.jhazmat.2021.126760
https://doi.org/10.1038/s41533-022-00275-x
https://doi.org/10.4046/trd.2022.0074
https://doi.org/10.51594/estj.v5i2.751
https://doi.org/10.1289/EHP7980
https://doi.org/10.3389/fpubh.2023.967047
https://doi.org/10.1007/978-3-030-30192-7_5
https://doi.org/10.1289/EHP9855
https://doi.org/10.1016/j.envsoft.2020.104954
https://doi.org/10.1080/09603123.2019.1612042
https://doi.org/10.1016/j.envres.2021.111487
https://doi.org/10.1183/13993003.02056-2019
https://doi.org/10.1371/journal.pgph.0002178
https://doi.org/10.3389/fpubh.2020.575137
https://doi.org/10.3390/nano12152656
https://doi.org/10.1136/oemed-2022-108237
https://doi.org/10.3390/ijerph17176212
https://doi.org/10.3389/fpubh.2020.00014
https://doi.org/10.1186/s12931-021-01812-x
https://doi.org/10.1186/s12931-021-01812-x
https://doi.org/10.1183/13993003.01783-2022
https://doi.org/10.1007/s11356-021-13208-x
https://doi.org/10.1016/j.ecoenv.2022.114025
https://doi.org/10.3390/ijerph18189905
https://doi.org/10.1183/16000617.0112-2021


Alyami et al. 10.3389/fpubh.2025.1507882

Frontiers in Public Health 11 frontiersin.org

 29. Wu H, Zhang Y, Wei J, Bovet P, Zhao M, Liu W, et al. Association between short-term 
exposure to ambient PM1 and PM2. 5 and forced vital capacity in Chinese children and 
adolescents. Environ Sci Pollut Res. (2022) 29:71665–75. doi: 10.1007/s11356-022-20842-6

 30. Goossens J, Jonckheere A-C, Dupont LJ, Bullens DM. Air pollution and the 
airways: lessons from a century of human urbanization. Atmosfera. (2021) 12:898. doi: 
10.3390/atmos12070898

 31. Chen C-H, Wu C-D, Lee YL, Lee K-Y, Lin W-Y, Yeh J-I, et al. Air pollution enhance 
the progression of restrictive lung function impairment and diffusion capacity reduction: 
an elderly cohort study. Respir Res. (2022) 23:186. doi: 10.1186/s12931-022-02107-5

 32. Shahriyari HA, Nikmanesh Y, Jalali S, Tahery N, Zhiani Fard A, Hatamzadeh N, 
et al. Air pollution and human health risks: mechanisms and clinical manifestations of 
cardiovascular and respiratory diseases. Toxin Rev. (2022) 41:606–17. doi: 
10.1080/15569543.2021.1887261

 33. Buthelezi MS, Mentz G, Wright CY, Phaswana S, Garland RM, Naidoo RN. Short-
term, lagged association of airway inflammation, lung function, and asthma symptom score 
with PM2. 5 exposure among schoolchildren within a high air pollution region in 
South Africa. Environmental Epidemiol. (2024) 8:e354. doi: 10.1097/EE9.0000000000000354

 34. Sadhra SS, Mohammed N, Kurmi OP, Fishwick D, De Matteis S, Hutchings S, et al. 
Occupational exposure to inhaled pollutants and risk of airflow obstruction: a large UK 
population-based UK biobank cohort. Thorax. (2020) 75:468–75. doi: 
10.1136/thoraxjnl-2019-213407

 35. Yang IA, Jenkins CR, Salvi SS. Chronic obstructive pulmonary disease in 
never-smokers: risk factors, pathogenesis, and implications for prevention and 
treatment. Lancet Respir Med. (2022) 10:497–511. doi: 
10.1016/S2213-2600(21)00506-3

 36. Zhang Y, Gai X, Chu H, Qu J, Li L, Sun Y. Prevalence of non-smoking chronic 
obstructive pulmonary disease and its risk factors in China: a systematic review and 
meta-analysis. BMC Public Health. (2024) 24:3010. doi: 10.1186/s12889-024-20170-z

 37. Clarke K, Manrique A, Sabo-Attwood T, Coker ES. A narrative review of 
occupational air pollution and respiratory health in farmworkers. Int J Environ Res 
Public Health. (2021) 18:4097. doi: 10.3390/ijerph18084097

 38. Liu G, Sun B, Yu L, Chen J, Han B, Li Y, et al. The gender-based differences in 
vulnerability to ambient air pollution and cerebrovascular disease mortality: evidences 
based on 26781 deaths. Glob Heart. (2020) 15:46. doi: 10.5334/gh.849

 39. Requia WJ, Vicedo-Cabrera AM, Amini H, Schwartz JD. Short-term air pollution 
exposure and mortality in Brazil: investigating the susceptible population groups. 
Environ Pollut. (2024) 340:122797. doi: 10.1016/j.envpol.2023.122797

 40. Dominici F, Zanobetti A, Schwartz J, Braun D, Sabath B, Wu X. Assessing adverse 
health effects of long-term exposure to low levels of ambient air pollution: 
implementation of causal inference methods. Res Rep Health Eff Inst. (2022) 2022:1–98. 
Available at: https://www.healtheffects.org/publication/assessing-adverse-health-effects-
long-term-exposure-low-levels-ambient-air-pollution

https://doi.org/10.3389/fpubh.2025.1507882
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1007/s11356-022-20842-6
https://doi.org/10.3390/atmos12070898
https://doi.org/10.1186/s12931-022-02107-5
https://doi.org/10.1080/15569543.2021.1887261
https://doi.org/10.1097/EE9.0000000000000354
https://doi.org/10.1136/thoraxjnl-2019-213407
https://doi.org/10.1016/S2213-2600(21)00506-3
https://doi.org/10.1186/s12889-024-20170-z
https://doi.org/10.3390/ijerph18084097
https://doi.org/10.5334/gh.849
https://doi.org/10.1016/j.envpol.2023.122797
https://www.healtheffects.org/publication/assessing-adverse-health-effects-long-term-exposure-low-levels-ambient-air-pollution
https://www.healtheffects.org/publication/assessing-adverse-health-effects-long-term-exposure-low-levels-ambient-air-pollution

	Urban air pollution and chronic respiratory diseases in adults: insights from a cross-sectional study
	Introduction
	Materials and methods
	Design
	Participants
	Variables and data collection
	Data analysis
	Results

	Discussion
	Limitations and future directions

	Conclusion

	References

