
 

  

Can the Effects of Outdoor Air Pollution on Asthma be Mitigated? 

 
 
 
 
 
 
 
 

by 
 

Erica L. Stevens 
 

BS, University of Southern Indiana, 2010 
 

MD, Indiana University School of Medicine, 2014 
 
 
 
 
 
 
 
 
 

Submitted to the Graduate Faculty of 
 

the Multidisciplinary Master of Public Health Program 
 

Graduate School of Public Health in partial fulfillment 
  

of the requirements for the degree of 
 

Master of Public Health 
 
 
 

 
 
 
 
 

University of Pittsburgh 
 

2020



 ii 

Committee Page 

UNIVERSITY OF PITTSBURGH 

 
GRADUATE SCHOOL OF PUBLIC HEALTH 

 
 
 
 
 
 
 
 
 

This essay is submitted 
 

by 
 
 

Erica L. Stevens 
 
 

on 
 

April 1, 2020 
 

and approved by 
 

Essay Advisor: 
Juan C. Celedon, MD, DrPH 

Professor 
Departments of Medicine, Epidemiology and Human Genetics 

School of Medicine, Graduate School of Public Health 
University of Pittsburgh 

 
Essay Reader:  

David Finegold, MD  
Professor  

Department of Human Genetics 
Graduate School of Public Health 

University of Pittsburgh 
  



 iii 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright © by Erica L. Stevens 
 

2020 
 
 
 

 



 iv 

Abstract 

Juan C. Celedón, MD, DrPH 
 
 

Can the Effects of Outdoor Air Pollution on Asthma be Mitigated? 

 
Erica L. Stevens, MPH 

 
University of Pittsburgh, 2020 

 
Abstract 

 
 

Outdoor air pollution affects lung development, asthma morbidity, and early life exposure 

to outdoor pollutants has been linked with development of asthma. Recent findings suggest that 

several non-modifiable and modifiable factors may diminish or augment the harmful effects of 

outdoor air pollution on asthma. While genetic studies have been limited by sample size and or 

issues with replication, interactions have been demonstrated between the GSTM1-null genotype 

and ozone, along with NO2 and adenylate cyclase 2. Co-exposure to psychosocial stress and air 

pollutants is associated with asthma and reduced lung function in children, particularly among 

males. Cigarette smoking is associated with incident asthma among adults with outdoor pollutant 

exposure, but studies examining a potential interaction between second-hand smoke and outdoor 

pollutants are lacking. Concurrent exposure to aeroallergens and air pollutants is associated with 

increased airway inflammation in adults and asthma in atopic children. Some studies support an 

interaction between obesity and air pollution on lung function in adults and respiratory symptoms 

in children. Nutritional factors, including antioxidants, may attenuate the detrimental effects of air 

pollution by reducing airway inflammation. Vitamin E was associated with decreased airway 

inflammation in adults with asthma, while reductions in lung function in children exposed to ozone 

were attenuated with supplementation of vitamins C and E. Vitamin D supplementation reduced 

the effects of TRAP and allergen exposure in a murine model examining airway inflammation and 
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vitamin D deficiency or insufficiency is associated with increased asthma morbidity in children. 

Diets rich in fruit and vegetables and the Mediterranean diet are associated with greater lung 

function among children exposed to ozone.  

Conclusions: Policy measures related to improved air quality have been effective at 

improving respiratory symptoms and objective measures such as lung function. The findings of 

our review suggest that public health policies related to modifiable risk factors such as smoking, 

second-hand smoke exposure or obesity may both significantly reduce the harmful effects of air 

pollution and greatly benefit overall health. Further, certain populations that remain exposed to air 

pollution may benefit from identification of key interventions that mitigate the harmful effects of 

pollutants via well-designed clinical trials.  
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1.0 Introduction 

Outdoor air pollution affects lung development and leads to morbidity from asthma in 

children and adults, and current evidence supports a causal link between pre- and early-postnatal 

exposure to outdoor pollutants and childhood asthma.1 Recent findings suggest that several factors 

attenuate or enhance the detrimental effects of outdoor pollutants on asthma, including genetic 

variants, exposure to violence and chronic psychosocial stress, indoor pollutants, diet, and obesity 

(Figure 1).  
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2.0 Possible Mitigating or Augmenting Factors 

2.1 Genetics 

Candidate-gene studies have identified gene-by-pollutant interactions on asthma (i.e. 

between the GSTM1 null genotype and ozone), but no firm conclusions can be drawn due  to 

inconsistent results or insufficient replication.2 A recent genome-wide interaction study in 1,534 

European children identified gene by NO2 interactions on asthma, but only those for adenylate 

cyclase 2 were partially replicated in one of two North American cohorts.3  Similarly, candidate-

gene studies of pollutant-related methylation markers have been limited by small sample size or 

inadequate replication.4,5 

2.2 Psychosocial Stress 

Air pollution and chronic psychosocial stress can increase oxidative stress, and pre- or post-

natal stress and pollutants may have synergistic detrimental effects on asthma and lung function 

in children.6–10 In a birth cohort study, prenatal exposure to nitrate or PM2.5 was significantly 

associated with asthma and reduced lung function at age 6 years in boys exposed to chronic stress, 

but not in girls.6–8 In another birth cohort, post-natal NO2 exposure was associated with asthma in 

children with high lifetime exposure to violence but not in those with lower lifetime exposure to 

violence.9 Similarly, longitudinal studies found that postnatal exposure to total oxides of nitrogen 

and other forms of traffic-related air pollution (TRAP) were linked to asthma and reduced lung 
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function in children whose parents were highly stressed.10,11 There have been no clinical trials of 

stress reduction to reduce pollutant effects on asthma. 

2.3 Tobacco Smoke 

Cigarette smoking may modify the effect of air pollution on asthma in adults, as current or 

former smokers appear to be more prone to develop incident asthma related to outdoor pollutants 

than never smokers.12,13 Although SHS increases the risk of childhood asthma and may thus 

worsen the effects of air pollution on asthma, few studies have directly examined this potential 

interaction.14 15 Since eliminating active smoking and SHS has beneficial effects not only on 

asthma but on general health, vigorous efforts to help prevent or quit smoking must continue.  

2.4 Aeroallergens 

Concurrent exposure to aero-allergens and air pollutants may enhance airway inflammation 

and lead to asthma exacerbations. A cross-sectional study using population-level data showed that 

high exposure to fungal and pollen allergens may interact with PM2.5  or PM10 to increase the risk 

of hospitalizations for asthma.16  In another study, co-exposure to DEP and dust mite allergen 

increased TH2 cytokines and airway responsiveness in a murine model, and high exposure to DEP 

was associated with asthma in atopic children but not in non-atopic children.17 Small clinical trials 

in adults have demonstrated enhanced allergen-induced airway inflammation in participants 
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exposed to DEP.18,19 Whether modifying outdoor activity during high pollen season or reducing 

indoor allergen levels attenuates pollutant effects on asthma merits further study.   

2.5 Obesity 

Obesity has been reported to modify the effects of air pollution on asthma in most, but not 

all, published studies. A large cross-sectional study of European adults found that PM2.5 exposure 

was significantly associated with wheeze and shortness of breath, without any significant 

interaction between obesity and air pollution on respiratory symptoms.13 In contrast, a longitudinal 

10-year study of Swiss adults found that improved air quality reduced the rates of age-related 

decline in FEF25-75, FEF25-75/FVC and FEV1/FVC in participants with low to normal weight, but 

not in overweight or obese participants.20 Moreover, a large cross-sectional study of Chinese 

children found that the estimated effect of NO2 and SO2 on respiratory symptoms or asthma was 

significantly greater in overweight or obese children than in children of normal weight.21  In 

addition, two studies reported that short- or long-term exposure to ozone was significantly 

associated with greater reductions in lung function in overweight or obese adults than in non-

overweight adults, with one of these studies showing this interaction only in women.22,23 Obesity 

is a major public health problems, and thus campaigns to prevent obesity in childhood have 

benefits that extend beyond any amelioration of pollution effects on asthma.   
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2.6 Diet and Nutrition 

Diet and certain vitamins may attenuate the effects of air pollution on asthma. For example, 

gamma-tocopherol (an isoform of vitamin E) was recently shown to reduce sputum eosinophils 

and mucins, as well as airway responsiveness after lipopolysaccharide challenge, in a clinical trial 

in 15 adults with mild asthma.24 Another clinical trial examined the effects of antioxidants, 

including vitamin C and vitamin E, on lung function in Mexican children exposed to high levels 

of air pollutants. In that study, ozone levels were associated with lower FEF25-75 (-13.32 

ml/second/10 ppb, P<0.001) and FEV1 (-4.59 ml/10 ppb, P=0.04) in children with moderate to 

severe asthma in the placebo arm, but not in those in the intervention arm.25 Regarding vitamin D, 

a murine model showed that vitamin D supplementation reduces the combined effects of TRAP 

and allergen exposure on airway responsiveness and TH2 and TH17 immune responses in the lung.26 

Moreover, a prospective study of urban children found that higher exposure to PM2.5 was only 

associated with asthma symptoms in obese and vitamin D deficient children.27  This is partly 

consistent with results from a cross-sectional study that showed that children with vitamin D 

insufficiency who lived near a major highway (a marker of TRAP) had nearly fivefold higher odds 

of severe asthma exacerbations than those without either risk factor.28 With regard to diet, a 

prospective study demonstrated that dietary intake of fruits and vegetables was significantly and 

positively associated with FEV1 and FVC, particularly among children exposed to ozone.29 Similar 

findings were reported for a Mediterranean diet and FVC among children exposed to ozone.29 

Thus, current evidence suggests that a healthy diet and, perhaps, vitamins with antioxidant 

properties could protect against pollution effects on asthma.   
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3.0 Discussion 

3.1 Public Health Implications 

A large longitudinal study of children in California demonstrated that improved air quality 

is associated with positive effects on lung function growth and reduced bronchitic symptoms 

during childhood,30,31 emphasizing that the most effective way to eliminate the detrimental effects 

of air pollution on asthma is through health policies to ensure “clean air” for all.  Such policies 

should address not only pollutant levels but factors that could increase pollution, including climate 

change and wildfires. Similarly, public health policies designed to prevent or eliminate smoking 

and obesity would have beneficial effects on general health, beyond those of reducing pollutant 

effects on respiratory health. This said, identifying other modifiable factors that mitigate the effects 

of air pollution could be beneficial to populations that remain exposed to pollutants due to lack of 

effective policies. Moreover, studies of genetic and epigenetic modifiers of the effects of air 

pollution on asthma could not only identify high-risk individuals but also provide novel insights 

into asthma pathogenesis. 

3.2 Future Directions 

Current evidence suggests that chronic stress and an unhealthy diet or low levels of 

antioxidant vitamins interact with air pollution to cause or worsen asthma. Well-designed 

randomized clinical trials should help determine the extent to which dietary interventions or 
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vitamin supplementation mitigate the harmful effects of air pollution on asthma. Because of the 

complex etiology of asthma, multifactorial trials examining several interventions (i.e. reducing 

SHS, weight loss, stress reduction, and a healthy diet) may be best suited to identify the most 

effective modifiers of pollutant-related effects.  
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Appendix Figure 

Figure 1 Mitigating and Augmenting Factor 

Factors that may mitigate or augment the harmful effects of air pollution on asthma are shown. Non-modifiable 

factors can interact with modifiable factors, and both can in turn interact with air pollution. Modifiable and non-

modifable factors should be considered when addressing air pollution at the policy level. 
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