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ABSTRACT

Introduction: Ambient air pollution always remains a major threat to public health in India, contributing to a large
number of deaths annually, particularly due to respiratory and cardiovascular disorders. Despite growing concerns about
air quality and respiratory illness, population-based evidence linking Air Quality Index (AQI) levels with pulmonary
function in the Indian context remains sparse. This study aimed to evaluate the impact of ambient air quality on
pulmonary function across diverse regions of India over an 18-month period.

Materials & Methods: A multi-centric, cross-sectional study was conducted between September 1, 2023, and February
28, 2025. The study recruited 6,000 individuals across urban, semi-urban, and rural locations from 10 Indian states.
Daily AQI data was retrieved from the Central Pollution Control Board (CPCB). Spirometry was conducted in
accordance with ATS/ERS guidelines. Forced Vital Capacity (FVC), Forced Expiratory Volume in one second (FEV),
and FEV ;/FVC ratio were analyzed.

Results: A significant inverse correlation was observed between AQI levels and all pulmonary parameters (p < 0.001).
Participants residing in areas with consistently good AQI (< 50) had a mean FEV; of 3.1 + 0.4 L, compared to 2.4 +
0.6 L in those from severely polluted zones (AQI > 300). Children and the elderly showed the most pronounced lung
function impairments in poor AQI zones.

Conclusion: This study confirms that poor air quality is strongly associated with impaired lung function across all age
groups in the Indian population. Urgent public health interventions, stricter enforcement of the National Clean Air
Programme (NCAP), and region-specific pollution control strategies are essential.
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INTRODUCTION

India is home to 14 of the world’s most polluted cities and ambient air pollution always remains a major
threat to public health in India, contributing to a large number of deaths annually, particularly due to
respiratory and cardiovascular disorders. India's rapid industrialization and urbanization over the past three
decades have resulted in a dramatic deterioration in air quality. According to WHQO, ambient air pollution
is responsible for approximately 4.2 million deaths annually worldwide, and India alone accounts for a
substantial proportion. Urban centers such as Delhi, Kanpur, and Varanasi often rank among the top cities
globally for hazardous AQI levels. [1]. Despite numerous studies on particulate matter (PM) exposure, large-
scale investigations linking ambient Air Quality Index (AQI) directly with spirometry measures among
diverse Indian populations remain limited [1, 2]. International data show long-term PM, 5 exposure reduces
lung function parameters such as FEV; and FVC in children and adults [2]. Workplace studies in India,
such as petrol pump attendants in Ahmedabad, report restrictive spirometric findings linked to air
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pollutant exposure [3]. Although prior studies have addressed the health burden of air pollution, there is
limited large-scale, regionally representative data focusing on the direct association between air quality and
objective pulmonary function parameters across various Indian demographics [4, 5]. Building on this, our
study examined the relationship between ambient AQI and lung function across multiple states and
environments in India and thus aims to fill the gap with objectives such as evaluating the association
between AQI and pulmonary function (FEV,, FVC, FEV1/FVC ratio) with a special focus on stratify
findings by age, gender, geographic region, and AQI category to provide evidence for policy-making and
urban air quality control.

MATERIALS AND METHODS

Study Design: The design of the present study followed a multi-centric community based cross-sectional
study protocol and a comprehensive and convenience sampling strategy was followed [6, 7].

Study Duration: This study was conducted over a duration of 18 months (September 2023 to February
2025)

Study sites and Population: Ten Indian states representing north, south, east, west, and central regions
were selected. These included Delhi, Maharashtra, Tamil Nadu, West Bengal, Uttar Pradesh, Rajasthan,
Punjab, Karnataka, Assam, and Madhya Pradesh. Participants were enrolled from urban, semi-urban, and
rural zones based on the National Census definitions. Residents who belong to an age-group of 10 to 70
years and living in this area for more than two years were included in this study as study participants if they
were willing to undergo spirometry and provide voluntary informed consent. Patients with history of
chronic pulmonary diseases (e.g., COPD, asthma), Active respiratory infections at the time of testing, and
Smokers (>5 pack-years) were excluded from the study.

Sample size calculation: Using an estimated correlation coefficient of 0.3 between AQI and FEVy, a
minimum of 5,000 participants were required to achieve 95% confidence and 80% power. We oversampled
to 6,000 to account for dropouts [8].

Collection of the Data:

AQI Data: Retrieved daily from the CPCB online portal, averaged over 7-day and 30-day periods for each
participant's locality [9].

Pulmonary Function Tests: Performed using standardized portable spirometers. Calibration was done
daily. ATS/ERS 2019 guidelines were followed [4].

Other assessed Variables: Demographic data, socioeconomic status, exposure to biomass fuel, occupational
hazards, etc.

Ethical Concerns: Approved by the Institutional Ethics Committees of the Teerthanker Mahaveer
University (Ref No: TMU/IEC/2023-24/FACULTY/01A Dated 31-08-2023) on behalf of all the
collaborating centers. This decision was taken mutually by all the investigators and also validated by the
external research experts and ethical committees of all the collaborating centers as all the investigators of
this study were associated to the said university during their work for this particular research project. The
informed voluntary consent was obtained from all adult participants and guardians of minors.

Statistical analysis: The obtained data was inserted in a Microsoft Excel sheet and analyzed using an SPSS
software version 27. The descriptive data were expressed in percentage and range. The comparison between
groups were done by students t-test and ANOVA wherever applicable. Multivariable regression models
adjusted for age, sex, BMI, smoking history, biomass exposure, and socioeconomic status. P-values <0.05
considered significant.

RESULTS

Considering the demographics of all the participants (n = 6000), male participants were 52% and female
participants were 48% and the age distribution was 10 to 20 years (15%), 21 to 40 years (40%), 41 to 60
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years (30%), and more than 60 years (15%). Urban residents formed 55%, semi-urban 25%, and rural 20%
of the total study population group.

AQI distribution: Based on CPCB guidelines [9], areas were categorized as Good (0-50): 10%, Satisfactory
(51-100): 18%, Moderate (101-200): 32%, Poor (201-300): 25%, and Very Poor to Severe (>300): 15%.
Table-1 shows the lung function metrics of the participants.

Sub-group analysis: Out of all the participants, children (10-20 years) showed significant reductions in
FEV; in areas with AQI > 200. Elderly (>60 years) individuals showed mean FEV; dropped to 1.9 L in
severe AQI zones and women showed a slightly higher vulnerability to AQI changes, especially among
biomass-exposed households.

Regression analysis: Multivariate regression adjusted for confounders (age, sex, BMI, fuel type, occupation)
confirmed a negative 3 coefficient between AQI and FEV;. Each 10-unit rise in AQI predicted a 0.21 L
decrease in FEV; (B = -0.021; 95% CI: -0.024 to -0.018; p < 0.001), even after adjusting for confounders.

Table-1: Lung function metrics by AQI quality

AQI Category Mean FEV; (L) Mean FVC (L) FEV1/FVC (%)

Good 3.1+0.4 3.8+05 81.6+2.3

Satisfactory 29+0.5 3.5+0.6 80.3+2.8

Moderate 2.6+0.5 3.2+0.6 78.5+3.0

Poor 2.5+0.6 3.1£0.7 77.3+3.5

Very Poor/Severe 2.4 £0.6 3.0+0.7 76.1 £ 3.8

p < 0.001 for all pairwise comparisons between adjacent categories. p<0.05 was considered as statistically
significant.

DISCUSSION

Principal findings: This study demonstrates a strong inverse association between ambient AQI and lung
function in the Indian population, reaffirming the hypothesis that air pollution significantly impairs
respiratory health. These findings are in line of the global reports [4, 10, 11].

Comparison with global studies: Our findings are in line with large-scale Chinese studies (e.g., China
Pulmonary Health Study, 2021), which reported similar declines in lung function with increased PM,.5
levels. In contrast, studies in the United States, where average AQI remains below 100 due to regulatory
standards like the Clean Air Act, show relatively preserved lung functions even in industrial cities.

Policy implications: The Indian government's National Clean Air Programme (NCAP), launched in 2019,
aims to reduce PM concentrations by 20-30% by 2024 in 122 non-attainment cities. Our findings support
urgent scale-up of these efforts, particularly in high-risk zones like Delhi-NCR, where FEV; levels in
children are nearly 30% lower than those in cleaner cities like Bengaluru [12].

Strength and Limitations of the study: We consider a large sample size, regionally representative sampling,
use of standard spirometry as some of the strengths of our study while a cross-sectional nature limits causal
inference, indoor pollution and allergen exposure not exhaustively accounted for and reliance on ambient
AQI may not fully reflect personal exposure and we do consider these as some of the limitations of our
current study.
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members who conducted field testing, data collection, and analysis and a special gratitude to the
participating communities for their cooperation.
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CONCLUSION

This 18-month multi-centric cross-sectional study provides robust evidence that poor ambient air quality is
associated with significantly reduced pulmonary function across all age groups in India. The data
underscores the need for urgent policy measures, enhanced surveillance, and community engagement to
mitigate air pollution’s effects on public health.
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