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Assessment of Lung Function of People, Chronically Exposed 
to Air Pollution in Delhi/NCR, India
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Ab s t r Ac t
Background: Air pollution in India is a serious issue with the major sources being motor vehicle emissions, thermal power stations, cooling 
towers, biomass burning, fuel adulteration, factory smoke, and stubble burning. Chronic exposure to ambient air pollution has obtunded 
effects on the development of lung function in children and detrimental effects on lung function of adults. The adverse effects of pollution 
on lung function increase the development of lung diseases in the future. Aims and Objective: The aim of the study was a comparison 
of lung function between two groups of population with different occupations, one group with outdoor occupation (high exposure) and 
second group with indoor occupation (low exposure). Settings and Design: It was a cross-sectional study and the sampling approach was 
Quota sampling. Quota sampling is a type of non-probabilistic sampling. There are certain groups of people who are particularly vulnerable 
to ambient air pollution because of their sustained high exposure like traffic police personnel deputed at traffic junctions, auto rickshaw 
driver/Taxi driver, E-Rickshaw driver plying in this area, and road side vendors this group. Low exposure group chosen were employee of 
offices and showrooms who are working indoor. Methods and Materials: This study was a two groups of 245 participants in each. First group 
with outdoor occupation and second group with indoor occupation having different level of exposure to air pollution due to their nature of 
occupation. Lung function parameters FEV1, FVC, FEV1/FVC, PEFR, and FEF were compared between two groups. Statistical Analysis: SPSS 
26 software was used. Independent “T” test for continuous data type for different population, paired “T” test within the group, and Chi-square 
test for categorical data were applied. Results: Among high exposure group, 62.7% and 9.4% were found to have restrictive and normal lung 
function pattern, respectively. In comparison, among low exposure group, 31% and 59.5% were found to have restrictive and normal lung 
function pattern, respectively. Among outdoor group, there was a significant decline of lung function parameters such as FEV1, FVC, FEV1/
FVC, PEFR, and FEF in comparison to indoor group. Conclusion: In this study, the lung function parameters were decreased in population 
working outdoor and chronically exposed to air pollution, in comparison to indoor subjects.
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In t r o d u c t I o n
Air pollution in India is a serious issue with the major sources 
being thermal power stations, cooling towers, biomass burning, 
fuel adulteration, factory smoke, stubble burning, vehicle 
emission, and traffic congestion.[1] The air quality in Delhi, the 
capital territory of India, according to a WHO survey of 1650 world 
cities, is the worst of any major city in the world. It also affects the 
districts around Delhi.[2,3] In autumn and winter months, large scale 
crop residue burning in agriculture fields – a low cost alternative 
to mechanical tilling – is a major source of smoke, smog, and 
particulate pollution.[4-6] India has low per capita emissions of 
greenhouse gases but the country as a whole is the third largest 
after China and the United States.[7] A study conducted in 2013 on 
non-smokers has found that Indians have 30% lower lung function 
compared to Europeans.[8]

According to a WHO study, 13 of the 20 most-polluted cities 
in the world are in India; however, the accuracy and methodology 
of the WHO study were questioned by the Government of India.[9]

Over a million Indians die prematurely every year due to air 
pollution, according to the non-profit Health Effects Institute. Over 
2 million children, half the children in Delhi, have abnormalities 
in their lung function, according to the Delhi Heart and Lung 
Institute.[10]

Forced vital capacity (FVC), forced expiratory volume in 1 
s (FEV1), PEFR, and forced expiratory flow (FEF) are objectively 
measurable lung function parameters and these are adversely 
affected by multiple environmental and genetic factors. Lung 
function parameters, specifically FVC and FEV1, are important 
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objectively measurable quantitative parameters of respiratory 
health. The derangement in lung function indicates early 
respiratory and systemic inflammation leading to cardiorespiratory 
morbidity and mortality. The detrimental acute effects of air 
pollution on lung function observed in Western Europe at all 
ages are well established.[11] To what extent long-term exposure 
to air pollution results in the lower lung function remains less 
clear.[12] There is a strong evidence that long-term exposure to air 
pollution is associated with slowing down lung function growth in 
children while data on long-term effects of air pollution on lung 
function of adults are limited and mostly restricted to susceptible 
populations.[12-14] The cross-sectional studies conducted to see the 
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effects of increase in 10 μg·m−3 of particulate matter of size 10 μm 
or less (PM10), it was associated with a decrease of about 3% in 
FEV1.[15-18] SAPALDIA found an increase of 10 μg·m−3 in annual 
mean concentration of PM10 was associated with 3.4% lower FVC 
and 1.6% lower FEV1.[16] There was a negative association of PM10 
concentrations with FEV1 and FVC (5.1% and 3.7% respectively, 
per 7 μg·m−3 5-year annual mean rise of PM10) as found in one of 
the study conducted among female.[18] The very strong indirect 
evidence for adverse effects on lung function due to long-term air 
pollution effects on lung function decline in adults emerged from 
follow-up study proving that improvements in PM10 exposure over 
a period of 11 years attenuated the age-related decrease in lung 
function.[19] A recent study found decline in lung functions, that is, 
FVC and FEV1 of elderly due to cumulative long-term exposure to 
ambient PM10 and ozone and an increased susceptibility among 
frail persons.[20]

Lung function test of diesel taxi driver when compared with 
medicos of similar age group in Bikaner city in India, where the 
density of taxies on the narrow roads of Bikaner is very high 
(around 10,000 taxies) in 10 × 10 km2 area of the city, it was 
found that there was a restrictive impairment in 87% and mixed 
pattern in 13% of study group. There was also a significant low 
value of FVC, FEV1, PEFR, and PEF among diesel taxi driver than 
control group, it signifies the adverse effects of air pollution on 
lung function.[21] The pulmonary function test was assessed using 
computerized spirometer among petrol pump workers and the 
results showed that there was a significant decline of FVC, FEV1, 
FEV1/FVC%, FEF25–75%, and PEFR. The results suggest that there is a 
need to improve control measures and the health status of workers 
engaged in petrol pump. Because petrol pumps are on road side, 
therefore, these workers are chronically exposed to air pollution as 
well as petrol fumes leading to adverse effects on lung function.[22]

The present study included the subjects who are at greater 
risk of developing adverse effects of air pollution due to their 
nature of occupation. Further this group is neglected one also. The 
studies done abroad[23] cannot be extrapolated on India. Very few 
studies[24] in India have been done considering the difference in 
exposure to ambient air pollution because of the nature of their 
occupation. Therefore, this study is aimed to address the above 
mentioned gap in the existing literature. The Government of 
Delhi needs to develop an action plan encompassing multiple 
sources and includes technological, institutional, and behavioral 
interventions.

Aims and Objective
The aim was to study the impact of chronic exposure to outdoor 
air pollution on lung function parameters such as FEV1, FVC, FEV1/
FVC (%), FEF25–75, and PEFR. The interpretation of measured lung 
function parameters was: Restrictive, obstructive, mixed, and 
normal pattern.

MAt e r I A l s A n d Me t h o d s

Study Design
The design of the study was cross sectional. The sampling approach 
was Quota sampling. Quota sampling is a type of non-probabilistic 
sampling in which the target population is divided into mutually 
exclusive subgroups also called strata, based on their peculiar 
features or traits. The sample size was 245 in each group. The data 

were entered into a predesigned and pretested questionnaire. 
A  structured Performa consists of demographic profile, smoking 
history, and spirometry parameters. After taking informed consent 
for each eligible personnel, a structured interview Performa was 
filled. Then, these personnel were subjected to spirometry test. 
Medical international research spirolab was used to perform 
spirometry. The spirometry was performed as per the American 
thoracic society/European Respiratory Society guidelines (2005).[25]

Study Population
The study was conducted in Delhi/NCR which covered area of 
Mohan Nagar Bus stand, old Delhi railway station, Wazir Pur Depot, 
Rohini Metro station and Shadi Pur depot. The risk population of 
the particular area to be studied was divided into two groups:

Group (A): Outdoor exposure group: This group was considered 
as high exposure group. Traffic police personnel deputed at traffic 
junctions, auto rickshaw driver/taxi driver, E-rickshaw plying in this 
area, and road side hawkers.

Group (B): Indoor exposure group: This group was considered 
as low exposure group in this office employees who were included 
in the study.

Inclusion Criteria
Persons of age group of 19–60 years, both male and female, were 
included in the study. Male were both smokers as well as non-
smokers; however, female were only non-smokers. Those having 
outdoor air pollution exposure regularly at least 6 h daily with at 
least 5 days a week and more than 2 years duration were included 
in study.

Exclusion Criteria
Persons who were unable to perform spirometry test in technically 
correct manner were exluded from the study. Personnel with 
history of: Tuberculosis, bronchial asthma, chest trauma, CTVS 
surgery, pleural effusion/empyema, ICD insertion, and cardiac 
ailment (CAD, Valvular Heart Diseases, etc.) were excluded from 
the study. Personnel with the history of neuromuscular disorders, 
spinal cord deformity, any surgery of chest, abdomen, eye in the 
past 3 months, myocardial infarction in the past 3 months, use of 
bronchodilators in the past 6 h, and interstitial lung disease were 
excluded from the study.

re s u lts
For high exposure and low exposure groups, the distribution of 
gender, smoking status, occupation, height, weight, age, BMI profile, 
and education level of the participants is depicted in in Table 1. In 
Group A:– Subgroup I: Non-smoker male, Subgroup II: Smoker male, 
and Subgroup III: Female. In Group B: – Subgroup IV: Non-smoker 
male, Subgroup V: Smoker male, and Subgroup VI: Female.

The Comparison of Spirometry Parameters Between 
High and Low Exposure Subgroups/Groups [Table 2]
Among non-smoker group, smoker group, and female group 
and among total participants as a whole the FVC and FEV1 were 
found to be significantly lower (P < 0.05) in high exposure group in 
comparison to low exposure group.
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Among total participants as a whole and among 
smoker group, the FEV1/FVC was found to be significantly 
lower (P < 0.05) in high exposure group in comparison to low 
exposure group.

Among non-smoker and among female group for FEV1/FVC, 
the difference was found to be non-significant between high and 
low exposure group.

Among smoker group and among female group, the PEF and 
FEF were found to be significantly lower (P < 0.05) in high exposure 
group in comparison to low exposure group.

Among non-smoker and among total participants as a whole 
for PEF and FEF, the difference was found to be non-significant 
between high and low exposure group.

The Comparison of Frequency of Spirometry Patterns 
Between High and Low Exposure Subgroups/Groups 
[Table 3]

Among non-smoker male group
Among high exposure group, 77.7% and 10.3% were found to 
have restrictive and normal lung function pattern, respectively. 
In comparison, among low exposure group, 18.1% and 75.5% 
were found to have restrictive and normal lung function pattern, 
respectively.

Among smoker group
Among high exposure group, 25%, 76.7%, and 0.0% were found 
to have restrictive, mixed, and normal lung function pattern, 
respectively. In comparison, among low exposure group, 49.0%, 
9.4%, and 30.1% were found to have restrictive, mixed, and normal 
lung function pattern, respectively.

Among female group
Among high exposure group, 64.1%, 16.9%, and 16.9% were found 
to have restrictive, mixed, and normal lung function pattern, 
respectively. In comparison, among low exposure group, 46.9%, 
4%, and 46.9% were found to have restrictive, mixed, and normal 
lung function pattern, respectively.

Comparison of Spirometry Parameter (mean ± SD) of 
Absolute Observed and Absolute Predicted Values 
(Liters) within the Each Sub Group [Table 4]
The mean ± SD of absolute observed values (liters) FVC, FEV1, and 
FEV1/FVC is significantly lower than absolute predicted values 
within the Subgroups  I, II, and III which are the high exposure 
groups and indicate the effects of high exposure to ambient air 
pollution on lung function. The mean ± SD of absolute observed 
values (Liters) FVC and FEV1 is significantly lower than absolute 
predicted values within the Subgroups IV, V, and VI which are the 
low exposure groups. The mean ± SD of absolute observed values 
(liters) of FEV1/FVC is significantly lower than absolute predicted 
values within the Subgroups IV and V which are the low exposure 
groups but not in Subgroup VI.

The mean ± SD of absolute observed values (liters) of PEFR 
is significantly lower than absolute predicted values within the 
Subgroups I, II, and III which are the high exposure groups. The mean 
± SD of absolute observed values (liters) of PEFR is significantly lower 
than absolute predicted values within the Subgroups IV and V which 
are the low exposure groups but not in Subgroup VI.

The mean ± SD of absolute observed values (liters) of FEF 
is significantly lower than absolute predicted values within the 
Subgroups II and III which are the high exposure groups but not 
in Subgroup I. The mean ± SD of absolute observed values (Liters) 
of FEF is significantly lower than absolute predicted values (liters) 
within the Subgroup V which is the low exposure groups but not 
in Subgroups I and III.

Table 1: Distribution of participants according to the level of 
exposure to air pollution and demographic profile of participants

Demographic 
Profile

Group P-value
Outdoor group
(High Exposure)

(Mean±SD)

Indoor group
(Low Exposure)

(Mean±SD)
Height (cm) 163.107±8.8563 164.397±8.6961 0.105
Weight (kg) 65.53±12.564 67.13±12.480 0.159
Age (Mean±SD) 43.26±13.241 41.22±15.186 0.114
BMI (kg/m2) 24.434±4.3103 24.871±4.4184 0.269
Male

Non-smoker 135 (I) 143 (IV) -
Smoker 57 (II) 53 (V) -

Female
All non-smoker 53 (III) 49 (VI) -

*Group I (n=135) – High exposure non-smoker male. Group II (n=57) – High 
exposure smoker male. Group III (n=53) – High exposure non-smoker female. 
Group IV (n=143) – Low exposure non-smoker male. Group V (n=53) – Low 
exposure smoker male. Group VI (n=49) – Low exposure non-smoker female

Table 2: Comparison of spirometry parameters between subgroups, high and low exposure group
Exposure
Subgroup/Group

Spirometry parameters
FVC FEV1 EFV1/FVC PEF FEF

Subgroup I 2.7±0.5 2.1±0.5 77.8±9.9 234.4 v 171.5 2.2±1.10
Subgroup IV 3.4±0.75 2.7±0.77 80.0±11.82 238.7±19 2.4±1.08
P value 0.00 0.00 0.107 0.846 0.245
Subgroup II 1.7±0.50 1.07±0.36 60.5±13.35 113.4±102.3 0.9±0.56
Subgroup V 2.9±0.68 2.1±0.68 72.7±11.1 210.2±178.5 1.9±0.72
P value 0.000 0.000 0.000 0.001 0.000
Subgroup III 1.7±0.70 1.3±0.60 78.0±14.13 108.8±128.2 1.6±0.8810
Subgroup VI 2.3±0.6 1.8±0.6 80.4±12.1 18.2±52.5 2.2±1.0
P value 0.00 0.00 0.359 0.00 0.00
Outdoor Group (High Exposure) Total 2.3283±0.7791 1.7467±0.7182 73.889±13.8472 179.10428±160.738 2.1411±4.3943
Indoor Group (Low Exposure) Total 3.0980±0.8396 2.4572±0.8182 78.175±13.0319 189.0702±193.531 2.8204±8.0304
P value 0.00 0.00 0.00 0.536 0.246
*Group I – High exposure non-smoker male, Group II – High exposure smoker male, Group III – High exposure non-smoker female, Group IV – Low exposure 
non-smoker male, Group V – Low exposure smoker male, Group VI – Low exposure non-smoker female.
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dI s c u s s I o n
The present study shows that the FVC and FEV1 (mean ± SD) are 
significantly lower in high exposure group in comparison to low 
exposure group (P < 0.05,CI 95%) which indicates the adverse 
effects of ambient air pollution on lung function. The similar 
findings were reported in the study done by Panis et al.[23] which 
showed negative association between FEV and FEV1 and variation 
in ambient air pollution but no association with FEV1/FVC ratio. 
The similar finding reported in the present study which showed 
no significant difference of FEV1/FVC ration between high 
exposure and low exposure group among non-smoker group 
and female group. The similar findings were reported by Rice 
et al.[26] and Baccarelli et al.[27] However, in the present study, there 
was a significant difference of FVC, FEV1, and FEV1/FVC all three 
spirometry parameters between high exposure and low exposure 
group among smokers, which indicates additive effects of ambient 
air pollution on smoking and causing decline in both FVC as well 
as FEV1. The decline in both FVC as well as FEV1 has been proved 
in other studies by Son et al.[28] which showed decline by 6.1% for 
FVC and 0.5% for FEV1 and this decline was associated with all 
types of pollutants. Wong et al.[29] found that ambient air pollution 
was negatively associated with decreased lung function in young 
males, contrary to females. Similar finding has been found in the 
present study which showed decline in FEV1/FVC between female 
non-smoker group III (high exposure) and VI (low exposure) is not 
significant.

FEF
FEF25–75%—FEF over the middle one half of the FVC; the average 
flow from the point at which 25% of the FVC has been exhaled 
to the point at which 75% of the FVC has been exhaled. The 
earliest change which is associated with airflow obstruction in 
small airways is thought to be a slowing in the terminal portion 
of the spirogram, even when the initial part of the spirogram is 
hardly affected.[30-32] This slowing of expiratory flow is reflected in 
mean expiratory flow between 25% and 75% of FVC than in FEV1. 
However, abnormalities in these mid-range flow measurements 
during a forced exhalation are not specific for small airway 
disease in individual patients.[33] As airway disease becomes, more 
advanced and/or more central airways become involved, timed 
segments of the spirogram such as the FEV1 will, in general, be 
reduced out of proportion to the reduction in VC.

Pellegrino et al.[34] summarized in “Interpretative strategies 
for lung function tests” that although FEF25–75 is considered to be 
reflection of more peripheral airways, the measurement of which 
is made at the lower end of flow-volume curve but there are 
many problems with the FEF25–75 as a measure of peripheral lung 
function. FEF25–75 always demonstrates a greater percent change 
than the FEV1. In addition, the predicted value of FEF25–75 is much 
more variable than those of FEV1 and serial measures are highly 
dependent on an unchanged FVC. In many longitudinal studies, 
there have been changes in the FVC which makes comparisons 
of the FEF25–75 problematic. Amarloei et al.[35] investigated the lung 
function of general population I Ilam West of Iran where dust storm 
is the most important natural source of air pollution The results 
also showed a negative significant relationship between duration 
of inhabitance in Ilam city and all respiratory capacities including 
FEF25–75. Laeremans et al.[36] studied the effects of air pollution on 
lung function in relation to outdoor exercise. It was found that 
short-term lung function increases as a response to physical 
activity, but this beneficial effect is obtunded during elevated level 
of air pollution. Negative interaction effects of physical activity 
during the high level of black carbon exposure were found on 
lung function including FEF25–75. In the present study, there was no 
significant difference of FEF (mean ± SD) between Subgroups I and 
II. There was a significant difference of FEF (mean ± SD, P < 0.05, 
95% CI) between Subgroups II and V and III and VI.

PEFR
Al-Qerem et al.[37] studied the lung function of children 7–12 years 
old between rural and urban habitants. Their lung function was 
measured 5 times over the period of 2 years. Significant difference 
was found in the changes between two locations, the children from 
urban area showed smaller increase in lung function including 
PEFR. Amarloei et al.[38] also showed decline in PEFR among people 
of Ilam city (Iran) due to chronic exposure to dust storm. In the 
present study, there was no significant difference of PEFR (mean 
± SD, P < 0.05, 95% CI) between Subgroups I and II and II and IV 
(all four non-smokers group). There was a significant difference of 
PEFR (mean ± SD, P < 0.05, 95% CI) between Subgroup II (smokers) 
and V (smokers), which indicates the additive effects of ambient air 
pollution on smoking, and probably ambient air pollution made 
the lungs more sensitive to adverse effects of smoking.

In the present study, there was a significant difference 
of PEFR (mean ± SD, P < 0.05, 95% CI) between Subgroups  III 

Table 3: Comparison of spirometry patterns between subgroups, high exposure and low exposure group
Exposure
Subgroup/Group

Spirometry patterns
Restrictive Obstructive Mixed Normal

Subgroup I (135) 105 (77.7%) 5 (3.7%) 11 (8.1%) 14 (10.3%)
Subgroup IV (143) 26 (18.1%) 4 (2.7%) 5 (3.4%) 108 (75.5%)
P value 0.00 0.66 0.09 0.00
Subgroup II (57) 14 (25%) 0 (0%) 43 (76.7%) 0 (0%)
Subgroup V (53) 26 (49.0%) 5 (9.4%) 5 (9.4%) 16 (30.1%)
P value 0.00 0.01 0.000 0.000
Subgroup III (53) 34 (64.1%) 1 (1.8%) 9 (16.9%) 9 (16.9%)
Subgroup VI (49) 23 (46.9%) 2 (4.0%) 2 (4.0%) 23 (46.9%)
P value 0.08 0.50 0.03 0.00
Outdoor Group (High Exposure, Total all participants) 153 (62.7%) 6 (2.4%) 63 (25.8%) 23 (9.4%)
Indoor Group (Low Exposure, Total all participants) 76 (31%) 11 (4.4%) 12 (4.8%) 146 (59.5%)
P value 0.00 0.15 0.00 1.00
*Group I – High exposure non-smoker male, Group II – High exposure smoker male, Group III – High exposure non-smoker female, Group IV – Low exposure 
non-smoker male, Group V – Low exposure smoker male, Group VI – Low exposure non-smoker female.
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(non-smokers high exposure female) and VI (non-smokers low 
exposure female). Although non-smokers group, it indicates the 
adverse effects of ambient air pollution on small airways among 
female leading to decline in small airways parameters (PEFR and 
FEF), it signifies that the small airways may be more sensitive 
to adverse effects of ambient air pollution among female 
population.

FEV1, FVC, and FEV1/FVC
Long-term exposure to air pollution has also been previously 
shown in majority, but not all, studies to adversely affect lung 
function. In the present study, subjects from our cohort of 
high exposure non-smoker (Group  I), high exposure smoker 
(Group  II), high exposure female (Group  III), and low exposure 
smoker (Group-IV) demonstrated a mixed pattern of lung 
function decline with decline in FVC and FEV1 as well as FEV1/
FVC. Liu et al.[39] conducted a cross-sectional study in Southern 
Chinas in which seven clusters were randomly selected from 
four cities across Guangdong province and found decline in 
FVC, FEV1, and FEV1/FVC due to chronic exposure to PM10 and 
PM2.5. Guo et al.[40] conducted a study and found that every 
5  μg/m³ increment in PM2·5 was associated with a decrease 
of 1·18% for FVC, 1·46% for FEV1, 1·65% for maximum mid-
expiratory flow (MMEF), and 0·21% for FEV1:FVC ratio. The 
decrease accelerated over time. Additional annual declines 
were observed for FVC (0·14%), FEV1  (0·24%), MMEF (0·44%), 
and FEV1:FVC ratio (0·09%). Doiron et al.,[41] Lin et al.,[42] Adam 
et al.,[11] and Ackermann-Liebrich et al.[16] similarly described 
decline in FVC, FEV1, and FEV1/FVC due to chronic exposure 
to ambient air pollution. In contrast to the present study and 
other studies mentioned above, Elbarbary et al.[43] found decline 
in FEV1 and FEV1/FVC but not in FVC due to chronic exposure to 
ambient air pollution.

co n c lu s I o n
There is an objective evidence of adverse effects of ambient air 
pollution on lung function leading to decrease in lung function in 
high exposure participants in comparison to low exposure group 
with high prevalence of restrictive defects and mixed defects in 
spirometry.

Among non-smoker groups: There was a significant (P < 0.05, 
95% CI) high absolute value (mean ± SD) of FVC and FEV1 in high 
exposure group in comparison to low exposure group but not 
significant difference of FEV1/FVC, PEF, and FEF between high 
and low exposure group. There was a significant (P < 0.05, 95% CI) 
higher prevalence of restrictive pattern in high exposure group 
normal pattern in low exposure group.

Among smokers groups: There was a significant (P < 0.05, 95% 
CI) high absolute value (mean ± SD) of FVC, FEV1, FEV1/FVC, PEF, 
and FEF in high exposure group in comparison to low exposure 
group. There was a significant (P < 0.05, 95% CI) higher prevalence 
of mixed pattern in high exposure group normal pattern in low 
exposure group.

Among female groups: There was a significant (P < 0.05, 95% 
CI) high absolute value (mean ± SD) of FVC, FEV1, PEF, and FEF 
but not FEV1/FVC in high exposure group in comparison to low 
exposure group. There was a significant (P < 0.05, 95% CI) higher 
prevalence of mixed pattern in high exposure group and normal 
pattern in low exposure group.
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Limitations and Strength of the Study
This study has some limitations. First, analyses are limited by the 
cross-sectional study design and longitudinal effects of ambient 
air pollution are not evaluated. Second, differential physical 
activity patterns, changes in participant residence environment, 
and indoor housing structure having different level of indoor 
pollution may have contribution to the air pollution exposure 
level. These limitations are offset by some important strength. 
The results of the present study are based on representative 
populations of adults from Delhi and NCR having high level of AQI 
where the level of pollution is in the moderate-to-severe category 
almost through the years. Whereas the most previously published 
work has been focused on the general population not specific 
any particular vulnerable population, but this study has taken 
into consideration the most vulnerable population due to nature 
of their occupation. In addition, we were able to adjust for many 
important confounders.
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