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Abstract:  

           Ambient air pollution has been intensifying for decades, which is one of the most common 
worldwide environmental problems, especially in developing countries. Air pollution with high 
ambient fine particulate matter (PM2.5) concentration has become an urgent public health issue 
in recent years(1). Previous studies have indicated that increases in ambient PM2.5 concentration 
corresponded to adverse health impacts, being cardiovascular and respiratory diseases the more 
commonly related to PM2.5 exposure (3,4).  

Children are the main vulnerable groups to air pollution, particularly, due to their high breath rate, 
undeveloped lung, and more time exposure outdoors. Those exposed to traffic-related air 
pollutants are at increased risks of asthma, allergic rhinitis, allergic sensitization, and reduced 
lung function (9,10). 

The World Health Organization estimated that approximately 250,000 deaths annually between 
2030 and 2050 could be due to climate change as a consequence of the pollution we are actually 
living with (7). The predominant sources of ambient air pollution vary according to country. A 
better understanding of the mechanisms of air pollution and their links with upper airway disease 
will contribute to disease prevention and pollution control action. 
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Highlights:  

• Air pollution is a common worldwide environmental problem in developing countries. 

• PM2.5 is an air pollutant that is a concern for people’s health when levels are high. 

• The development of infectious airway pathologies are influenced by climate variables. 
• Children are the main vulnerable group to air pollution. 

• Otitis media, allergic rhinitis, and asthma are the most prevalent diseases among children. 

• Those exposed to traffic-related air pollutants have an increased risk of airway diseases. 
1. Introduction 

           Ambient air pollution has been 
intensifying for decades, which is one of the 
most common worldwide environmental 
problems, especially in developing countries. 
Air pollution with high PM2.5 (fine particulate 

matter, of aerodynamic diameter ≤ 2.5 μm) 
concentration has become an urgent public 
health issue in recent years. 

The principal pollutants include particulate 
matter, ozone (O3), sulfur dioxide (SO2), and 
nitrogen dioxide (NO2). Air pollutants 
constitute a toxic mixture of particles and gases 
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emitted in large quantities from many different 
combustion sources, including vehicles and 
factories(1). Indoor pollutants include smoke 
from tobacco, cooking, and the burning of wood 
and other material in stoves and fireplaces; dust 
particles resuspended during cleaning; and 
outdoor particles that infiltrate the indoor 
environment(2).  

Previous studies have indicated that increases 
in ambient PM2.5 concentration corresponded 
to adverse health impacts, including hospital 
visits for respiratory diseases and cause-
specific disease, development of upper airway 
disease and respiratory symptoms complains, 
such as increased mortality and morbidity(3,4). 
Climate change can affect human health, 
especially when infectious diseases are 
concerned(5). The present review describes air 
pollutants that contribute to airway disease, the 
diseases of concern, and the findings and of 
prior studies. 

1.1 Particulate matter (PM) 

        Air pollution is the presence in the air of 
material that has the capacity to affect living 
beings in some way, it has become an important 
situation due to the increasing levels and the 
high and inevitable exposure to which we 
humans are in contact. Globally, millions of 
deaths are associated with the complications of 
diseases in which pollution took a fundamental 
role, most often they were associated with fine 
particulate material PM2.5 and O3 (6). The 
presence of PM2.5 has a greater impact on 
health than O3 or more common pollutants 
such as carbon monoxide (CO). PM2.5 consists 
of a heterogeneous mixture of liquid and solid 
particles suspended in the air that continuously 
vary in concentration, size, and composition. 
The main components of these particles include 
inorganic compounds (sulfates, nitrates), 
organic compounds (hydrocarbons), biological 
compounds (allergens, endotoxins) and metals 
(iron, copper, nickel)(7). The main 
classification of PM consists of its aerodynamic 
diameter who is the one who confers the ability 
to transport by air, pass through the filters and 
continue to deposit in the airways; This is 
categorized in coarse particulate material with 
a diameter of up to 10 μm or in fine particulate 
material with a diameter smaller than 2.5 μm. 
Outdoors the source of these compounds comes 

from road and agricultural dust, construction 
sites, mining, related activities and mainly from 
vehicle emissions. Regarding indoor air, they 
are obtained from activities such as cooking, 
interior remodeling, cleaning, tobacco 
consumption, etc. 

        The effects of exposure to particulate 
matter directly depend on the characteristics of 
individuals such as developing organs, type of 
breathing, frequency, and respiratory capacity. 
For a better understanding we have that the 
smaller the particles, the easier it will be to 
inhale and deposit in the airway, during nasal 
breathing, the villi and mucus have the function 
of filtering the air and trapping particles larger 
than 10μm, thanks to the fact that the PM10 
tends to settle quickly only reaches structures 
such as nose, larynx, trachea, and bronchi, to 
which our body reacts with defense 
mechanisms such as coughing and sneezing; 
while PM2.5 tend to settle at the level of 
bronchioles and alveoli, interfering with the gas 
exchange and probably leading its way to the 
bloodstream, giving them even greater capacity 
to cause disease(8). 

1.2 Allergic response 

         Schoolchildren aged 6–14 years who are 
exposed to traffic-associated air pollutants 
(TAP) are at increased risks of asthma, allergic 
rhinitis, allergic sensitization, and reduced lung 
function. Relative humidity exhibits a strongly 
negative correlation with rhinitis symptoms 
(r.0.91) whereas the monthly mean daily 
concentrations of inhalable particles and NO2 
are positively correlated with this condition 
(r.0.89 and 0.88, respectively)(9,10).  

Exposure of children (6–7 years of age) and 
adolescents (13–14 years of age) to indoor risk 
factors (including smoke), secondhand smoke, 
and mold aggravates preexisting allergic 
rhinitis and asthma(11). 

In a systematic review of 97 studies on allergic 
rhinitis, the condition was not associated with 
active smoking in adults but was associated 
with passive exposure to smoking. O3 exposure 
was also associated with allergic rhinitis in 
children living in industrial areas, the rate of  
sensitization to outdoor allergens, and both 
current wheezing and allergic rhinitis(12). In 
Kang et al. (13), relationships were evident 
between a high level of exposure to 
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photochemical or gaseous pollutants (O3, 
carbon monoxide, NO2, and sulfur dioxide) and 
both the risk and prevalence of symptomatic 
asthma, rhinitis, and atopic eczema.  

          Elevated ambient O3 concentrations have 

been epidemiologically associated with nasal 

activation of neutrophils and eosinophils. Ong et 

al. (14) found that acute exposure to O3 (over 1–2 

days) caused nasal epithelial injury, resulting in 

cell death and neutrophilic rhinitis, whereas 

repeated daily exposure to O3 (for 9 days) 

triggered eosinophilic rhinitis and lymphoid cell-

dependent epithelial remodeling.  
Although O3 is not considered an aeroallergen, 

exposure to this irritant has been reported to trigger 

or exacerbate preexisting allergic airway diseases 

including allergic rhinitis and asthma in both 

laboratory animals and humans(15).  
1.3 Otitis media 

         Middle ear inflammation, commonly 
known as otitis media (OM), is a multifactorial 
disease of the middle ear, with a high 
prevalence among young children. Acute OM is 
characterized by infection of the middle ear 
with associated symptoms(16).  

Young children are particularly vulnerable to 
OM globally affecting over 80% of children 
below the age of 3 years, many of them, (30–
45%), have suffered two or more episodes. 
Their susceptibility is due to their smaller and 
shorter middle ear anatomical features than in 
adults, more horizontally aligned Eustachian 
tubes, and frequent upper respiratory tract 
infections. When inflammatory agents such as 
viral or bacterial pathogens, allergens, 
pollutants, and other irritants interact with the 
nasal mucosa, results inflammation that can 
narrow or block the Eustachian tube. 
Dysfunction in the Eustachian tube can lead to 
middle ear fluid stasis and subsequent middle 
ear infection. The sequelae of OM include 
hearing loss, language delay, impaired cognitive 
development and social difficulties in later life.  

There is an increasing body of evidence 
supporting an association between higher 
ambient air pollution exposure and a higher 
risk of OM in children, while NO2 and SO2 
showed the most consistent association(17). 

          Girguis et al(18). reported that increased 
risk of otitis media among preterm infants was 
associated with increased PM2.5 exposures 4 or 

7 days prior to clinical encounter 
corresponding to the viral replication period, 
indicating that PM2.5 exposure may increase 
susceptibility to otitis media infection. There is 
evidence that PM2.5 exposure may further 
decrease mucus clearance by the cilia, causing 
inflammation leading to increased susceptibility 

to otitis media.        Exposure to environmental 

tobacco smoke especially from parents who smoke 

in the home environment and the development of 

OM in children is well established. A systematic 

review by Jones et al. reported in 2012 that living 

with a smoker increased the risk of children’s OM 

by 62%(19).   

      Deng et al. (20) found that industry-related air 

pollutants (SO2) significantly increased the OM 

risk in children. Particularly in preschooler 

females, was associated with prenatal exposure to 

outdoor air pollutant SO2 emitted from industries. 
1.4 Rhinitis 

       As a typical respiratory illness, allergic 
rhinitis (AR) affects 20%–40% of the 
population worldwide, although the prevalence 
varies with age and region(21). Although it is 
usually a minor respiratory disease, AR 
frequently presented with symptoms that affect 
work performance, quality of daily life and 
consumes health resources(22).  

      In the respiratory system, allergic rhinitis is 
a common cause of other health conditions 
including sinusitis, otitis media, asthma, and 
hypertension. Particulate matters can induce 
the inflammation of nasal airway by mediating 
the response to nasal allergen. Teng et al. (22) 
also found that particulate matters (PM10 and 
PM2.5) were positively associated with allergic 
rhinitis risk development (including children 
and adults). In fact, relative to adult individuals, 
children are more susceptible to develop 
respiratory symptoms, when exposed to air 
particulate matters. Haiyan Chu et al. (23) study 
stratified their results by sex and observed that 
females p0.005 (1.63, 9.61) had higher allergic 
rhinitis risk associated with PM10 and PM2.5 
pollution versus males p0.021 (0.61, 7.71).        
Kim et al. (12) reported a significant correlation 
with O3 exposure to the risk of AR as well as 
Graham and Koren(15) who observed that O3 
exposure was associated with increased 
neutrophil content of nasal lavage fluid from 
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nonallergic individuals, indicating that O3 also 
induces nasal inflammation.  

          An experimental trial on in vitro systems, 
animals and human volunteers found that 
exposure to diesel exhaust particles leads to an 
increase in the total IgE level and produced 
inflammatory reactions on the airway at low 
concentrations and short time exposure(20). Living 

alongside busy roads is associated with an 

increased risk of allergic sensitization, and 

exposure of infants and school children to air 

pollution from traffic decreased their lung 

function(24,25). 
1.5 Laryngitis 

        Voice disorders are most commonly related 
to environmental factors(15). 

Damage from moisture is common and can 
initiate microbial growth and / or diffusion of 
chemicals from building materials. Problems 
due to moisture damage are common and are 
associated with a number of health symptoms, 
for example, rhinitis, cough and asthma 
symptoms, in addition, it predisposes the 
individual to bacterial growth and the diffusion 
of chemicals from the materials of the building. 
The microbes can be fungi, yeast, and bacteria, 
and they can each have different effects on 
health(26-28).        Kallvik et al(29) studied 
nursery, preschool and school children and 
demonstrated the association between the 
frequency of hoarseness and the degree of 
indoor air problems due to moisture damage 
and laryngitis. In this study, 9.3% of children (n 
= 1857) in the group that had attended spaces 
with indoor air problems due to severe 
moisture damage were hoarse every week or 
more frequently. This was lower in a previous 
study by Meklin et al(30), where 28-30% of 
children who attended a school with microbial 
damage were hoarse. Participants in this study 
were between 6 and 17 years old and, therefore, 
children whose voices were probably affected 
by changes in puberty were included.        The 
results indicate that these symptoms due to 
moisture damage should be included in voice 
anamnesis.  

1.6 Asthma 

          Asthma and allergic rhinitis are the most 
prevalent chronic diseases in the pediatric age 
group. The prevalence of current asthma, 
24.3% and 19% for school children and 

adolescents, respectively. Prevalence can vary 
from 10 – 20 fold in countries at different 
latitudes, suggesting the important role of 
indoor and outdoor environmental factors in 
their pathogenesis(31). 

           For instance, in Brazil, Rios et al. (32) 
concluded that asthma prevalence in 
adolescents was directly related to air pollution 
(p=0.002), and similar results in Holland 
associated with prevalence (OR=1.3) and 
asthma exacerbations (OR=1.2). However, 
there was no association between the 
concentration of outdoor pollutants and an 
increase in asthma prevalence (OR=0.7).        
Specific pollutants can induce airway 
inflammation (eg, O3, nitrogen dioxide, and 
PM2.5) and airway hyperresponsiveness (O3 
and NO2), two characteristic features of 
asthma. Oxidative stress (a feature of severe 
asthma) has been associated with pollutant 
exposures (O3, NO2, and PM2.5). This 
mechanism has been suggested to be the major 
underlying mechanism behind many of the 
toxic reactions induced by air pollutants. 
Reactive oxygen species and free radicals are 
generated in response to TAP and can 
overwhelm the redox system and damage cell 
wall lipid, protein, and DNA, thereby leading to 
airway inflammation and airway 
hyperreactivity. Variation in the genes that 
regulate these mechanisms could confer 
increased susceptibility to the development of 
new-onset asthma or exacerbations of existing 
disease with exposure to air pollution.  

(33,34). 

A framework for how air pollution might 
contribute to the development and 
exacerbation of asthma proposed by the UK’s 
Committee on the Medical Effects of Air 
Pollutants identified four main mechanisms: 
oxidative stress and damage, airway 
remodeling, inflammatory pathways, and 
immunological responses, and enhancement of 
respiratory sensitization to aeroallergens(35). 
Short-term exposure to ambient PM2.5 and 
PM10 in prospective cohorts of asthmatic 
children and adults has been associated with 
asthma symptoms, especially in children with 
allergic sensitization. Long-term exposure to 
PM is associated with poorly controlled asthma 
and decrements in lung function in children and 



Cite this article: Respiratory diseases in the hands of air pollution: Am J Rhin and Otolo. 2019; 
2(2): 01-07.  

adults. Studies of asthmatic children and adults 
in the past 5 years have identified associations 
between nitrogen dioxide and symptoms of 
asthma, reduced response to bronchodilators, 
decrements in lung function, and exacerbation 
of asthma(36). 

        Young children with asthma have been 
found the most susceptible to adverse effects of 
air pollution because of their developing lungs, 
immature metabolic pathways, high ventilation 
rates per body weight, and increased time 
exercising outdoors. Even exposures in utero 
might affect the postnatal risk of asthma and 

asthma exacerbation. Low birth weight, which 

might be associated with narrow airways during 

early childhood, is a risk factor for symptoms of 

asthma-related to air pollution(37). 

      No consistent difference in air pollution effects 

on asthma has been evident between boys and girls, 

although asthma exacerbations are more prevalent 

and severe in young boys than in girls. In adults, 

active asthma is more prevalent among women 

than men. Elderly individuals with asthma are 

likely to be at increased risk for adverse effects 

related to air pollution, but scant literature is 

available to support this point(38). 
1.7 Pneumonia 

         Children are the main vulnerable groups to 
air pollution being cardiovascular and 
respiratory diseases the more commonly 
related to PM2.5 exposure(1). 

          Several pieces of research explored the 
impacts of air pollution on human respiratory 
diseases including pneumonia, Girguis et al. 
(18) found that clinical encounters for infant 
bronchiolitis were positively associated with 
increases in PM2.5. For infant bronchiolitis, the 
elevated risk was observed when exposed to 
high levels were 1 or 4 days before the 
presentation of symptoms, corresponding to 
the estimated viral incubation period, 
indicating the possible influence of exposure on 
bronchiolitis susceptibility, also found that 
preterm infants are at a significantly greater 
risk of contracting the infection. 

           Lv et al. (39) reported that an increase of 
1.06% of admissions for pneumonia in pediatric 
hospitals was associated with a 10 μg/m3 
increase of PM2.5 concentrations in 2014 in 
Jinan, China. Consistently with previous studies 
mentioned, Jinyue Liu et al.(40) described that 

an increase of 10 μg/m3 in PM2.5 was 
associated with a 0.19% increase in the rates of 
pneumonia, student groups (age 6–17 years) 
and males were more vulnerable to PM2.5 
exposure than other age and gender groups, 
and that the impacts on respiratory hospital 
admissions of air pollution was increased with 
the age of the child increases. In addition, the 
hospital admission for upper infection was 
significantly associated with the increase of 
PM2.5 concentration.      Vahedian et al. found in 
adults that the risk of PM2.5 on the respiratory 
hospitalization was higher also in males than 

females. These results might be attributed to men’s 

jobs, such as taxi driving, industry, and other 

outdoor activities, which make them exposed to 

more air pollution(41). 

1.8 Chronic obstructive pulmonary 
disease ( COPD ) 

       COPD affects 12-16 million people in the 
United States, constituting the third leading 
cause of death(42). 

          This chronic disease is characterized by 
symptoms of wheezing, shortness of breath and 
cough. Intermittent exacerbations of the 
disease often change the disease course, leading 
to a decrease in quality of life, decreased lung 
function, reduced functional capacity and an 
increased risk of death (43). The World Health 
Organization (WHO) estimates that ambient air 
pollution is responsible for 3.7 million 
premature deaths worldwide in 2012 and 14% 
of these deaths were due to COPD or acute 
respiratory lower tract infections(44).          
Particularly, PM, NO2, and O3 have been related 
to COPD. Several longitudinal studies have 
shown that outdoor air pollution has longterm 
effects on lung function and that increased 
exposure to pollution leads to a rapid decrease 
in lung function in general population cohorts 
(44). This accelerated loss of lung function may 
contribute to the development of COPD and, 
according to literature, although studies are not 
definitive, the results suggest that exposure to 
outdoor air pollution is related to the incidence 
and prevalence of COPD. A recent meta-analysis 
showed that there was a tendency towards a 
higher prevalence of COPD, defined as chronic 
bronchitis or bronchitic symptoms, related to 
increased exposure to PM, but this relationship 
did not reach statistical significance(45). Also, 
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Andersen et al. investigated the average annual 
NO2 levels for 35 years and found an increase 
in the incidence of COPD associated with 
cumulative exposure in more than 57,000 
subjects(46).          A study of PM10 and hospital 
admissions for COPD found a 2.5% increase in 
income for each increase of 10 μg / m3 in 
PM10(47). In addition, Faustini et al. meta-
analysis of 18 studies of PM10 and 
exacerbations found that an increase of 10 μg / 
m3 in daily PM10 was associated with a 2.7% 
increase in hospitalizations for COPD(48). 

A study of PM10 and hospital admissions for 

COPD found a 2.5% increase in income for each 

increase of 10 μg / m3 in PM10(47). In addition, 

Faustini et al. meta-analysis of 18 studies of PM10 

and exacerbations found that an increase of 10 μg / 

m3 in daily PM10 was associated with a 2.7% 

increase in hospitalizations for COPD(48).       

Higher levels of outdoor pollution have been 

linked to increased mortality in the general 

population, with higher figures for deaths of 

respiratory origin. In particular, several studies 

have suggested a link between outdoor particle 

concentrations and increased mortality in patients 

with COPD. There has been a significant 

association between PM10 and mortality using 

Medicare data of subjects discharged with a 

diagnosis of COPD between 1985 and 1999 (49). 
        Zhu et al. performed a meta-analysis of PM10 

and mortality in patients with COPD and found a 

higher probability of mortality from COPD with 

exposure to PM10 with an increase of 10 μg / m3 

in daily PM10 associated with an increase of 1.1% 

(95% CI 0.8-1.4 ) COPD mortality risk (48).        

Regarding the NO2 ratio, studies have suggested 

that the increase in their concentrations are 

associated with a higher COPD mortality(50).       

Overall, the results suggest that people with COPD 

are more susceptible to air pollution, even at lower 

levels than the general population. 
2. Conclusion 

          In conclusion, this study indicated that 
short-term exposure to PM2.5 was associated 
with an increased of airway disease in any age 
patients. The World Health Organization 
estimated that approximately 250,000 deaths 
annual between 2030 and 2050 could be due to 
climate change as a result of the pollution in 
which we currently live. This is a public health 
issue that entails a cost of millions of dollars per 
year resulting from the costs of assistance to the 

health and productivity decline mainly due to 
absenteeism. 

          The reason for this review was the need to 
know the adverse effects that the current 
environmental situation may lead. We know 
that the main source of pollutants is vehicle 
emissions, as well as every year the number of 
circulating vehicles increases without 
promoting awareness of the responsible use of 
these. 

 The present work demonstrates the  

findings of countries in conditions similar to 
ours and it is our goal to emphasize the 

importance and urgency of air pollution control. 

In addition to taking preventive measures for the 

protection of the most vulnerable groups. 
 We encourage government authorities to 

implement actions to control the problem we face 

and is increasing; to the health system to raise 

awareness and promote preventive measures; to the 

researchers to keep on further studies about the 

effects of air particulate matter on the respiratory 

system. 
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