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Abstract

Background: Air pollution is a major environmental and public health concern, particularly in rapidly
urbanizing cities like Dhaka, Bangladesh. Long-term exposure to pollutants such as PM2.5, PM10, SOz , and
NO:z has been linked to increased prevalence of respiratory diseases. This study aims to evaluate the
association between air pollution exposure and respiratory health outcomes among residents of Dhaka.
Methods: A cross-sectional study was conducted among 200 individuals selected through stratified random
sampling from both high- and low-pollution areas of Dhaka. Data on respiratory symptoms, healthcare
utilization, and protective measures were collected using a structured questionnaire. Air pollution exposure
data were obtained from environmental monitoring agencies. Statistical analysis, including chi-square tests and
logistic regression, was performed using SPSS version 26.0.

Results: The prevalence of respiratory diseases was significantly higher among individuals living in high-
pollution areas (64.9%, OR = 9.57, p < 0.0001). Exposure to PM2.5 (67.0%, OR = 8.45, p < 0.0001), PM10
(66.7%, OR = 7.90, p < 0.0001), SOz (62.7%, OR = 5.78, p = 0.0002), and NOz (67.3%, OR = 6.94, p <
0.0001) was significantly associated with disease prevalence. Respiratory symptoms such as coughing (62.6%),
wheezing (55.7%), and shortness of breath (52.7%) were markedly more common in high-pollution areas.
Healthcare utilization was significantly higher, with 72.5% of individuals in high-pollution areas visiting
doctors, 41.2% hospitalized, and 29.8% requiring emergency care (p < 0.05). Despite these risks, protective
measure usage was low, with only 22.5% using masks, 9.0% using air purifiers, and 26.5% avoiding outdoor
activities.

Conclusion: This study provides strong evidence of the adverse health effects of air pollution in Dhaka,
highlighting the need for stricter air quality regulations, improved public health interventions, and increased
awareness of protective measures. Addressing pollution-related health burdens requires both policy-level
actions and behavioral changes to mitigate risks.
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I.  Introduction

Air pollution remains one of the most pressing global public health concerns, responsible for a
significant share of morbidity and mortality worldwide. Defined by the presence of harmful substances such as
particulate matter (PM2.5 and PM10), nitrogen dioxide (NO; ), sulfur dioxide (SO, ), ozone (O3 ), and carbon
monoxide (CO) in the atmosphere, air pollution contributes to a spectrum of adverse health effects, particularly
respiratory diseases. According to the World Health Organization (WHO), air pollution is responsible for
approximately 7 million premature deaths globally each year, with over 90% of the global population breathing
air that exceeds WHO guideline limits (1). Fine particulate matter, particularly PM2.5, poses the greatest health
risks as it can penetrate deep into the lungs and enter the bloodstream, leading to respiratory and cardiovascular
complications (2). The impact of air pollution on global public health extends to increased hospital admissions,
reduced lung function, and elevated rates of diseases such as asthma, chronic obstructive pulmonary disease
(COPD), and lung cancer (3).In Bangladesh, and particularly in Dhaka, air pollution has emerged as a severe
environmental and public health crisis. Dhaka, one of the most densely populated cities in the world, has
consistently ranked among cities with the worst air quality, largely due to rapid urbanization, high population
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density, and unregulated industrial emissions. Primary contributors to air pollution in Dhaka include vehicular
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emissions, industrial discharges, brick kilns, biomass burning, and unplanned urban development (4). According
to data from the Department of Environment in Bangladesh, levels of PM2.5 and PM10 frequently surpass both
national air quality standards and WHO guidelines, posing substantial health risks to the urban population (5).
Studies have shown that nearly 98% of roadside populations in Dhaka are affected by elevated particulate matter
concentrations, leading to respiratory conditions such as coughing, asthma, and breathing difficulties (5).The
health implications of air pollution are particularly severe for individuals with pre-existing respiratory
conditions. Numerous epidemiological studies have established a strong association between exposure to air
pollutants and the exacerbation of respiratory diseases. For instance, research has highlighted that pollutants
such as PM2.5, PM10, NO, , and SO, significantly increase the risk of developing asthma, bronchitis, and
COPD (6). In Dhaka, a study focusing on traffic police officers, who face prolonged exposure to vehicular
emissions, revealed alarmingly high rates of respiratory symptoms including chronic coughing, phlegm
production, and breathlessness (7). Furthermore, fine particulate matter has been linked to respiratory infections
in children, with research indicating an increased incidence of pneumonia in urban Dhaka due to exposure to
PM2.5, particularly emissions from brick kilns and industrial sources (8).Despite growing evidence of the
adverse health effects of air pollution in Bangladesh, significant research gaps remain. Many existing studies in
Dhaka focus on narrow population groups or lack comprehensive pollutant measurements. For instance,
research on indoor air pollution highlights significant respiratory health impacts, yet it often fails to capture the
full extent of outdoor pollutant exposure (9). Additionally, there is a scarcity of large-scale, cross-sectional
studies that systematically examine the association between air pollution exposure and respiratory health
outcomes across different socioeconomic groups in Dhaka (10). Such data is critical for shaping evidence-based
public health policies and targeted interventions.The need for updated, comprehensive research is further
underscored by the limitations in existing studies, including small sample sizes and a lack of real-time pollutant
measurement data. A study by Majumder et al. (2019) revealed that although awareness about air pollution
exists among Dhaka residents, protective practices against particulate matter exposure are limited (11). This
highlights the urgent need for further investigation into population-wide respiratory health outcomes associated
with air pollution exposure.Given these gaps, the current study aims to assess the association between air
pollution exposure and respiratory health outcomes among residents of Dhaka through a cross-sectional study
design. By incorporating diverse demographic groups and evaluating exposure levels to specific air pollutants
such as PM2.5, PM10, NO, , and SO, , this research seeks to provide comprehensive, updated data on the
burden of respiratory diseases linked to air pollution in the region. Findings from this study will contribute to the
existing body of knowledge and potentially inform policy recommendations aimed at mitigating air pollution-
related health risks and improving public health outcomes in Bangladesh.

1.  Methods

The cross-sectional study was conducted at President Abdul Hamid Medical College, Kishoregonj,
Bangladesh, from July, 2022 to June, 2023. Data were gathered from both primary and secondary sources. A
structured questionnaire was used to collect information from individuals residing in different areas of Dhaka,
which were classified into regions with high pollution and low pollution based on air quality levels.Participants
were selected using a stratified random sampling method, ensuring proportional representation from both highly
polluted and less polluted areas. The inclusion criteria for the study were individuals aged 18 years and above
who had resided in Dhaka for at least five years. Information on respiratory health conditions, including
symptoms such as coughing, wheezing, shortness of breath, and any diagnosed respiratory diseases, was
obtained through self-reported responses. Where available, this data was further verified using medical records.
Air quality data, including concentrations of PM2.5, PM10, NO, , and SO, , were obtained from governmental
and independent environmental monitoring agencies.Statistical analysis was conducted using SPSS software
version 26.0. Descriptive statistics were employed to summarize the demographic and health-related
characteristics of the study population, while inferential statistics—specifically, chi-square tests and logistic
regression—were used to evaluate the associations between air pollution exposure and the occurrence of
respiratory conditions.Ethical approval for the study was obtained from the IRB, and informed consent was
obtained from all participants prior to data collection.

RESULTS

Table 1: Basic Characteristics of Study Population (n=200)
Characteristic I(:r]gequency (Iizr)centage (cgj%s Ratio p-value
Gender
-~ Male 110 55.0%
~Female % 45.0% 9.57 <0.0001
Age Group
-18-30 [ 40 [ 20.0% [ 957 [ <0.0001
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- 31-45 55 27.5%

- 46-60 65 32.5%

- 61+ 40 20.0%

Living Area

- High Pollution 131 65.5%

~Tow Pollution 69 34.5% .02 0.0004
Duration of Exposure

- <5 Years 63 31.5%

S5 Years 137 68.5% .02 0.0004

The study population consisted of 200 individuals, with a slight male predominance (55.0%), and the
odds of male participants being affected by air pollution-related respiratory conditions were significantly higher
(OR =9.57, p<0.0001). Age distribution revealed that the largest proportion of participants belonged to the 46-
60 age group (32.5%), followed by those aged 31-45 (27.5%). Younger adults (18-30 years) and older
individuals (61+ years) each constituted 20.0% of the sample. A significant majority of the participants (65.5%)
resided in high-pollution areas, with the odds of exposure-related respiratory health effects being considerably
elevated in these regions (OR = 7.02, p = 0.0004). Additionally, 68.5% of the respondents reported exposure to
polluted air for five or more years, further highlighting the long-term exposure risk in Dhaka.

Table 2: Air Pollution and Respiratory Diseases (n=200)

Total

Factor Yes(n) | No(n) | Responded % With Disease | p-value Odds Ratio
(n)

High Pollution | 85 46 131 64.9% <0.0001 9.57

High PM2.5 7 38 115 67.0% <0.0001 8.45

High PM10 80 40 120 66.7% <0.0001 7.90

High SO, 69 41 110 62.7% 0.0002 5.78

High NO, 72 35 107 67.3% <0.0001 6.94

The findings indicate a significant association between exposure to air pollution and the prevalence of
respiratory diseases among the study population. A higher proportion of participants residing in high-pollution
areas (64.9%) reported respiratory diseases, with a highly significant association (p < 0.0001) and an elevated
odds ratio (OR = 9.57). Specific air pollutants also demonstrated strong correlations with respiratory health
outcomes. Individuals exposed to high levels of PM2.5 exhibited the highest disease prevalence (67.0%), with a
significant odds ratio of 8.45 (p < 0.0001). Similarly, those with high PM10 exposure showed a 66.7%
prevalence of respiratory conditions (p < 0.0001, OR = 7.90). High SO, exposure was associated with a
slightly lower but still significant disease prevalence (62.7%, p = 0.0002, OR = 5.78), while high NO, exposure
resulted in a 67.3% disease prevalence (p < 0.0001, OR = 6.94). These results strongly suggest that air pollution,
particularly elevated levels of PM2.5, PM10, NO, , and SO, , plays a critical role in the development of
respiratory diseases in Dhaka.

Table 3: Symptoms and Severity of Respiratory Diseases Based on Pollution Exposure (n=200)

Symptoms High Pollution (n=131) | Low Pollution (n=69) | p-value
Coughing 82 (62.6%) 21 (30.4%) 0.0003
Wheezing 73 (55.7%) 19 (27.5%) 0.0015
Shortness of Breath | 69 (52.7%) 16 (23.2%) 0.0001
Chest Pain 60 (45.8%) 14 (20.3%) 0.0021

The results indicate a significantly higher prevalence of respiratory symptoms among individuals
exposed to high pollution levels compared to those residing in low-pollution areas. Coughing was the most
commonly reported symptom, affecting 62.6% of individuals in high-pollution areas compared to only 30.4% in
low-pollution areas (p = 0.0003). Wheezing was also significantly more prevalent among individuals in high-
pollution areas (55.7%) than in low-pollution regions (27.5%) (p = 0.0015). Similarly, shortness of breath was
reported by 52.7% of those exposed to high pollution, while only 23.2% of individuals in low-pollution areas
experienced this symptom (p = 0.0001). Chest pain, another key indicator of respiratory distress, was
significantly more frequent among participants in high-pollution areas (45.8%) compared to those in low-
pollution regions (20.3%) (p = 0.0021). These findings highlight the strong correlation between air pollution
exposure and the severity of respiratory symptoms, reinforcing the detrimental impact of poor air quality on
respiratory health.
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Table 4: Hospital Visits Due to Respiratory Iliness in High vs. Low Pollution Areas (n=200)

Factor High Pollution (n=131) | Low Pollution (n=69) | p-value
Visited a Doctor 95 (72.5%) 22 (31.9%) <0.0001
Hospitalized 54 (41.2%) 10 (14.5%) 0.0005
Emergency Visits | 39 (29.8%) 7 (10.1%) 0.0028

The findings reveal a significantly higher frequency of healthcare utilization among individuals
residing in high-pollution areas compared to those in low-pollution regions. A substantial proportion (72.5%) of
participants in high-pollution areas reported visiting a doctor for respiratory illnesses, while only 31.9% of those
in low-pollution areas sought medical consultation (p < 0.0001). Similarly, hospitalization rates were markedly
higher among individuals in high-pollution areas (41.2%) compared to those in low-pollution areas (14.5%) (p =
0.0005), suggesting more severe respiratory conditions requiring inpatient care. Emergency visits due to
respiratory distress were also significantly more common among residents of high-pollution areas (29.8%) than
those in low-pollution areas (10.1%) (p = 0.0028).

Table 5: Use of Protective Measures and Respiratory Disease Outcomes (n=200)

Protective Measure Used Not Used p-value
Masks Regularly 45 (22.5%) | 155 (77.5%) | 0.0013
Air Purifier 18 (9.0%) 182 (91.0%) | <0.0001
Avoid Outdoor Activities | 53 (26.5%) | 147 (73.5%) | 0.0020

The results indicate a significant association between the use of protective measures and respiratory
disease outcomes. Among the study population, only 22.5% reported regular use of masks, while 77.5% did not,
with a statistically significant association (p = 0.0013) suggesting that those who did not use masks were at
higher risk of developing respiratory conditions. The use of air purifiers was even lower, with only 9.0% of
participants employing them, while 91.0% did not, demonstrating a highly significant correlation with
respiratory disease outcomes (p < 0.0001). Avoiding outdoor activities was reported by 26.5% of participants,
whereas 73.5% did not take this precaution, showing a notable association with respiratory health outcomes (p =
0.0020).

I1l1.  Discussion

The present study highlights the significant impact of air pollution exposure on respiratory health
among individuals residing in Dhaka, Bangladesh, with a particular focus on the association between PM2.5,
PM10, SO, , and NO, concentrations and respiratory disease prevalence, symptoms, healthcare utilization, and
protective measures. The findings are consistent with a growing body of literature that establishes a clear link
between air pollution and adverse respiratory outcomes.A key finding of this study was the significantly higher
prevalence of respiratory diseases among individuals residing in high-pollution areas, with an odds ratio (OR) of
9.57 (p < 0.0001), indicating that exposure to elevated air pollutant levels substantially increases the likelihood
of developing respiratory conditions. This aligns with previous studies that have reported similar associations
between air pollution exposure and increased hospital visits for respiratory illnesses (12,13). Specifically,
studies conducted in China demonstrated that PM2.5 exposure led to a 2.22% increase in hospital admissions for
pneumonia and asthma, reinforcing the association observed in the current study (13).Further analysis of
individual pollutant exposure revealed that PM2.5 exposure was associated with a 67.0% prevalence of
respiratory diseases (OR = 8.45, p < 0.0001), while PM10 exposure had a similar association with a 66.7%
disease prevalence (OR = 7.90, p < 0.0001). This is in agreement with a systematic review that found a
significant correlation between PM2.5, PM10, and respiratory disease hospitalizations, emphasizing that even
short-term exposure to fine particulate matter can trigger acute respiratory exacerbations (14,15). Additionally,
SO, and NO, exposure contributed to disease prevalence rates of 62.7% and 67.3%, respectively, which aligns
with studies reporting that SO, exposure increases hospital visits by up to 32.59% in polluted cities (16). These
findings collectively reinforce that exposure to air pollution is a major risk factor for respiratory disease
burden.Symptoms such as coughing (62.6%), wheezing (55.7%), shortness of breath (52.7%), and chest pain
(45.8%) were significantly more common among individuals in high-pollution areas (p < 0.05). Similar trends
have been observed in prior studies, where PM2.5, PM10, and NO, were significantly associated with
respiratory symptoms, particularly wheezing and breathlessness (17,18). A large-scale European study also
demonstrated that NO, exposure significantly increased wheezing and shortness of breath in adults, supporting
the current study's findings (17).Healthcare utilization was markedly higher among participants exposed to poor
air quality, with 72.5% of individuals in high-pollution areas visiting a doctor, compared to only 31.9% in low-
pollution areas (p < 0.0001). Additionally, hospitalization rates were significantly higher (41.2% vs. 14.5%), and
emergency Vvisits due to respiratory distress were more frequent (29.8% vs. 10.1%). These results align with
prior findings, where PM2.5 and NO, exposure significantly increased hospital admissions for respiratory
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diseases (14). Furthermore, a meta-analysis found that PM2.5 exposure was associated with a 3.46% increase in
total hospital admissions for respiratory illnesses, corroborating the significant burden observed in the present
study (15). Another systematic review concluded that children exposed to PM2.5 and NO, had significantly
higher emergency room visits for respiratory diseases (Souza et al., 2024), reinforcing the association observed
in the current study.Despite the documented health risks, the use of protective measures such as masks, air
purifiers, and activity avoidance was notably low among participants. Only 22.5% reported regular mask usage,
9.0% used air purifiers, and 26.5% avoided outdoor activities, with a significant correlation between non-use
and higher disease prevalence (p < 0.05). Previous studies have shown that N95 masks can reduce PM2.5
exposure by up to 96%, yet adherence remains low in many high-pollution regions (19). Additionally, studies
evaluating the effectiveness of air purifiers demonstrated a 57% reduction in indoor PM2.5 concentrations,
leading to improved lung function and reduced inflammation (20). These findings suggest that increasing the
adoption of protective measures could mitigate some of the adverse health effects associated with air pollution
exposure. This study further confirms that long-term exposure (=5 years) to air pollution significantly increases
the likelihood of respiratory diseases, with an OR of 7.02 (p = 0.0004). The long-term effects of pollution have
been well documented, with studies showing that chronic exposure to PM2.5 increases the risk of lung function
decline and chronic respiratory conditions (21). Similarly, a review of air pollution effects on respiratory health
found that long-term exposure contributes to chronic obstructive pulmonary disease (COPD) exacerbations and
increased mortality (14).

Overall, this study adds to the existing literature by providing updated evidence on the impact of air
pollution on respiratory health in Dhaka, a rapidly urbanizing city with severe air quality challenges. The results
highlight the urgent need for stricter pollution control measures, enhanced public health interventions, and
greater community awareness regarding the use of protective measures. Further research should focus on
longitudinal studies to examine the long-term health effects of air pollution exposure and potential mitigation
strategies.

Limitations of The Study
The study was conducted in a single hospital with a small sample size. So, the results may not represent
the whole community.

IV.  Conclusion

This study highlights the significant impact of air pollution on respiratory health among individuals
residing in Dhaka, Bangladesh, demonstrating a strong association between exposure to PM2.5, PM10, SO,, and
NO, and the increased prevalence of respiratory diseases. The findings indicate that individuals living in high-
pollution areas were nearly ten times more likely to develop respiratory illnesses, with symptoms such as
coughing, wheezing, shortness of breath, and chest pain being significantly more common in polluted regions.
Additionally, healthcare utilization was notably higher among affected individuals, with increased doctor visits,
hospitalizations, and emergency admissions linked to prolonged exposure. Despite these health risks, the
adoption of protective measures such as mask-wearing, air purifier usage, and activity avoidance remained low,
further exacerbating respiratory health burdens. These findings underscore the urgent need for stricter air
pollution control measures, improved healthcare interventions, and enhanced public awareness regarding
pollution-related health risks. Future research should focus on long-term cohort studies to evaluate the chronic
effects of pollution exposure and the efficacy of mitigation strategies. Implementing evidence-based policies
and promoting protective measures at an individual and community level will be crucial in addressing the
growing public health concerns associated with air pollution in urban settings like Dhaka.
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