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INTRODUCTION

India is one of the most polluted countries in 
the world. An estimated 1.67 million deaths 
were attributed to air pollution in India in  
2019, and of these 59% were accounted for  
by ambient particulate matter air pollution 
(PM2.5 and PM), the levels of which have 
increased steadily over the last 3 decades.  
Air pollution related health effects in India 
have cost an estimated economic loss of  
36.8 billion USD, which is around 1.36% of 
India’s gross domestic product, with Delhi 
reported to have the highest per capita 
economic loss due to air pollution in India.

Delhi, India’s national capital region with a 
population of over 30 million, including 6 
million children, is one of the most polluted 
cities on earth with annual average ambient 
PM10 and PM2.5 levels exceeding the WHO 
standards by over 15-fold. A large and  
growing number of motor vehicles, presence 
of coal powered power plants in the vicinity, 
growing construction sites and burning of 
crop stubble in the neighbouring states, 
supported by weather and wind conditions 
have contributed to very high levels of 
ambient air pollution. Despite several  
dramatic measures to overcome the 
challenges of air pollution, such as odd-even 
travel schemes, shutting down of 6000 
schools, total ban on all trucks entering the 
city, temporary shutdown of construction  
sites and closure of neighbouring coal 
powered plants, there has been hardly any 
change in air pollution levels in Delhi.

Children are most vulnerable to the harmful 
effects of air pollution, because they breathe 
greater volumes of air than adults and many 
of the pollutants in the inhaled air interfere 
with the proper growth and development 
of their lungs. Chronic exposure to high 
levels of particulate matter air pollution 
have been shown to cause stunted 
lung growth, recurrent respiratory tract 
infections, asthma, cognition defects and 
more recently, obesity. Asthma in children 
has multifactorial etiology, which includes 
genetic factors, outdoor and indoor air 
pollution (including smokers in the family).

Very few studies have examined the lung 
health of children living in Delhi. Most of 
them have used a questionnaire-based 
approach with very little emphasis on 
objective measures of lung function. 
Spirometry is the gold standard diagnostic 
test for lung disorders, especially asthma. 
However, it is a difficult test to perform and 
requires trained manpower. There are very 
few studies on spirometry in school children, 
not only in India, but across the world.
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AIM OF THE STUDY

Lung Care Foundation partnered with Pulmocare Research and Education (PURE) Foundation 
for formulating the research hypothesis and developing the study design.

The primary aim of the study was to assess the respiratory  
health of adolescent school children studying in  
private schools in the city of Delhi using a  
questionnaire and onsite spirometry and compare  
with respiratory health of adolescent school children  
studying in relatively cleaner cities in terms of  
particulate matter air pollution, viz:  
Kottayam and Mysuru, using same tools.

The annual average PM2.5 levels of the cities 
included in the study:

Delhi	 79 - 198 mcg/m3

Kottayam	 40 - 50 mcg/m3

Mysuru	 15 - 30 mcg/m3

Population-weighted
PM2.5 exposure (µg/m2)

≥ 100.0

80.0–99.9

60.0–79.9

40.0–59.9

20.0–39.9

<20.0

Source:
Health and economic 
impact of air pollution in 
the states of India: The 
Global Burden of Disease 
Study 2019. The Lancet 
Planetary Health 2021;  
5: e25-e38.
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Children from Delhi suffer more !!

 	 More than half of Delhi children reported significant sneezing.

 	 More than one-third reported significant cough, shortness of breath 		
	 and itchy rash.

 	 Eczema was 4.8 times more prevalent in Delhi than K-M.

 	 Chest tightness was 2.4 times more prevalent in Delhi than K-M.

KEY FINDINGS OF THE STUDY

1 The prevalence of asthma and allergic symptoms (on questionnaire) were significantly 
higher among children from Delhi compared to K-M.

Fig 1   Prevalence (%) of respiratory and allergic symptoms during the last 12 months in children  
	 from Delhi and Kottayam-Mysuru (K-M)
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On spirometry, children from Delhi had a significantly higher prevalence of airflow 
obstruction / asthma as compared to children from K-M.

Boys were observed to have a two-fold higher prevalence of asthma than girls.  
This observation was common at all the three sites.

Among the 29.3% children observed to have asthma on spirometry in Delhi, only 
12% reported to have been diagnosed with asthma and only 3% used some form of 
inhalers. In contrast, among the 22.6% children observed to have asthma on 
spirometry in K-M, 27% reported to have been diagnosed and 8% were using some 
form of inhalers.

DELHI K-M
vs (Difference highly significant, p<0.0001)29.3% 22.6%

This difference was despite the fact that two factors associated with childhood asthma, 
namely family history of asthma (29.8% in Delhi vs 33.7% in K-M, p= 0.03) and smoker 
in the family (13.9% in Delhi vs 18.8% in K-M, p=0.001) were more prevalent in K-M.

Thus, a significant number of asthmatic children are not diagnosed to have asthma 
and a vast majority do not receive the right treatment. This figure is much higher in 
Delhi as compared to K-M.  

Fig 2   Diagnosis and treatment of Asthma
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Children from Delhi were more obese and overweight than children from K-M.  
(39.8% vs 16.4%, p<0.0001). 

The association between obesity/overweight in children and higher prevalence of 
asthma is being reported for the first time in any study from India. 

Children who were obese and overweight had a 79% greater chance of having asthma 
on spirometry across all three sites combined. However, overweight and obese 
children living in Delhi had 38% higher chance of spirometrically defined airflow 
obstruction than overweight/obese children from K-M. 

Fig 3   Comparative chart of prevalence of overweight and obesity in Delhi and Kottayam-Mysuru

39.8%

16.4%

Kottayam-MysuruDelhi

Prevalence of 
Overweight and 
Obesity

Ambient particulate matter air pollution has been implicated as an important cause 
of obesity/overweight in children in some of the most recent studies. While there 
could be many causes for obesity/overweight in children from Delhi, we speculate, 
based on the above mentioned studies that particulate ambient air pollution could be 
an important contributing factor. The much higher prevalence of overweight/obesity 
observed in Delhi and much lower prevalence in K-M correlates very well with the 
reported particulate matter (PM2.5 and PM10) levels in these cities.
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Fig 5   Prevalence of Overweight and Obesity among Delhi children in recent years

Reference: Kapil, U. et al. (2002) ‘Prevalence of obesity amongst affluent adolescent school children in delhi’, Indian 
Pediatrics, 39(5), pp. 449–452.

Gupta, D. K. et al. (2011) ‘Secular trends in prevalence of overweight and obesity from 2006 to 2009 in urban asian 
Indian adolescents aged 14-17 years’, PloS One, 6(2), p. e17221. doi: 10.1371/journal.pone.0017221.

Google Docs. “Latika Bhalla SYBhave Abstract Junk Food .Docx.” Accessed August 30, 2021. https://docs.
google.com/document/u/0/d/1w3n12Rf9S2CL6zhwqsQAXgV8IkreLEZb/edit?dls=true&usp=gmail_attachment_
preview&usp=embed_facebook.
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	 It is the first multicentric study in India that has examined the lung health of  
	 over 3000 adolescent boys and girls using ISAAC based questionnaire as  
	 well as an ultrasonic flow sensor based spirometry.

	 The response rate of 80% in the study matches international standards. 

	 The exclusion rate due to poor quality spirometry in this study was 8.7%,  
	 probably the lowest in any community based spirometry study. It was  
	 possible due to the spirometry being administered across all 3 sites by the  
	 same team which had undergone rigorous training at a European  
	 Respiratory Society (ERS) approved training centre. The spirometry data  
	 underwent quality validation at a single location the same evening and poor  
	 quality tests were repeated on the children the next day. 

	 The study included adolescents in the age group 13-14 & 15-16 years.  
	 The reason for selecting this age group is that the lung function is close to  
	 its peak.

	 This study has observed the highest prevalence of allergy symptoms and  
	 spirometry detected airflow obstruction/ asthma, ever reported in children  
	 from Delhi. 

	 Additionally, it is the first study that has suggested a possible link between  
	 air pollution, obesity and asthma among children in Delhi.

UNIQUE FEATURES OF THE STUDY
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LIMITATIONS
OF THE STUDY

	 In order to establish a possible link between air pollution, asthma and obesity
	 suspected in this study, sample size needs to be bigger for drawing out definite
	 conclusions.

	 This study included only private schools by random sampling method. We need
	 to include children from all socio-economic strata and choice of schools needs
	 to be more objective.
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	 There is an urgent need for a similar large-scale study at a national level  
	 which looks at the possible link between air pollution, obesity and asthma  
	 eliminating the limitations of this study.

	 The policy makers need to be made aware about the potential link between  
	 air pollution obesity and asthma and stringent measures need to be taken  
	 on an urgent basis to reduce the ambient air pollution as well as obesity in  
	 adolescent children.

	 All schools and parents need to be sensitized about the high prevalence of  
	 asthma amongst Delhi school children and the fact that the majority of  
	 these are neither diagnosed nor appropriately treated.

	 There is an urgent need to have “Asthma policy for schools”, which will  
	 include increased awareness amongst all stakeholders as well as asthma  
	 management plan for each school. 

RECOMMENDATIONS OF THE STUDY
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“For the millions of children exposed to
polluted air every day, there is little time to
waste and so much to be gained.”

Dr Tedros Adhanom Ghebreyesus,
Director-General World Health Organization

Source:
Air pollution and child health: prescribing clean air. Summary.
Geneva: World Health Organization; 2018 (WHO/CED/PHE/18.01)




