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Abstract 

Background Air pollution causes many respiratory disorders, especially in children and the elderly. These disorders 
include asthma exacerbations, bronchiolitis, and pneumonia. Research on the association between air pollution 
and respiratory disorders helps to reevaluate environmental policies in developing countries.

Methods This descriptive cross-sectional study was conducted on 932 children with respiratory manifestations 
admitted from December 2017 to December 2019 at the Emergency Department of Akbar Children’s Hospital 
of Mashhad University of Medical Sciences, Mashhad, Iran. Air pollution indices such as concentration of sulfur 
dioxide  (SO2), nitrogen dioxide (NO2), carbon monoxide (CO), and particulate matter (PM) smaller than 2.5 and 10 μm 
and other parameters, including the air quality index (AQI), air temperature, and humidity level from 2017 to 2019, 
were retrieved from Mashhad Environmental Pollution Monitoring Center. Demographic and clinical data of patients 
were collected from patients’ hospital documents. We used descriptive analytical methods such as central tendency, 
variability, and frequency distribution to report and analyze demographic and clinical data through tables and dia-
grams. The association between air pollution indices and respiratory manifestations was examined by the Spearman 
correlation test. The correlation between the AQI and total hospital admissions and asthma-related hospital admis-
sions was also evaluated by the Spearman correlation test.

Results Hospital admissions due to respiratory manifestations were not associated with the AQI of each month 
(p-value = 0.794). The concentration of  SO2 was correlated with respiratory-related hospital admissions (correlation 
coefficient = 0.487, p-value = 0.016) but not asthma attacks.

Conclusion Generally, our cross-sectional study showed no statistically considerable association between air pol-
lution and hospital admissions due to respiratory manifestations and asthma attacks in children. Of the air pollution 
indices, only  SO2 concentration was associated with respiratory-related hospital admissions but not asthma attacks.
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Background
The prevalence of respiratory disorders has increased 
significantly among children over the last few years, 
highly related to air pollution. Persistent exposure to 
photochemical and traffic-related pollutants, especially 
in highly polluted cities of developing countries, can 
deteriorate lung growth and function. Consequently, 
the respiratory morbidity and mortality increase among 
children [1]. Air pollution can affect the respiratory sys-
tem by stimulating oxidative stress and inflammatory 
processes, modulating the immune system, and altering 
genetic and epigenetic mechanisms [2]. Traffic-related 
air pollution containing gases such as nitrogen diox-
ide (NO2), nitric oxide (NO), nitrogen oxides (NOX), 
and ozone (O3), as well as particles less than 2.5  µm 
and 10 µm in diameter, can contribute to the develop-
ment and exacerbation of asthma and other allergic dis-
eases [3]. Although the development of asthma was not 
related to air pollution in previous studies, recent stud-
ies have found notable associations [4]. Based on esti-
mations of the United Nations International Children’s 
Emergency Fund (UNICEF), the level of air pollution is 
sixfold higher than the standards in the living places of 
almost 300 million children around the world, which 
accounts for the deaths in 600,000 children under the 
age of 5 each year [5]. Considering the relative imma-
turity of respiratory and immune systems and the more 
outdoor activity children engage in, they are more vul-
nerable to adverse outcomes of air pollution.

Additionally, the peripheral airways of infants are 
more prone to inflammatory narrowing than adults 
because of anatomic differences; therefore, the chance 
of irritation-induced airway obstruction increases in 
children [6]. Asthmatic children may also experience 
more severe symptoms in exposure to air pollution 
since they do not stop their activity even during asthma 
exacerbations. The other biological factors involving 
children’s susceptibility to pollution exposure refer to 
different ways of metabolizing, detoxifying, and excret-
ing environmental stimuli [7]. The acute complications 
of air pollution consist of lung inflammation, reduc-
tion of lung function, increase in episodes of asthma 
attacks, respiratory and cardiac hospital admissions, 
and also a higher incidence rate of premature death. 
Long-term exposure to air pollution can result in res-
piratory diseases like asthma, bronchitis, and prema-
ture death; however, outcomes of chronic exposure are 
not as complicated as acute ones [8]. This study evalu-
ated the association between air pollution and respira-
tory manifestations among children referred to the 
Emergency Department of Akbar Children’s Hospital, 
Mashhad, Iran.

Method
This descriptive cross-sectional study was conducted 
on 932 children with respiratory manifestations admit-
ted from December 2017 to December 2019 at the 
Emergency Department of Akbar Children’s Hospital 
of Mashhad University of Medical Sciences, Mashhad, 
Iran. Patients who were not admitted to the hospital or 
without their parents’ consent were excluded. Demo-
graphic and clinical data of patients, including age, sex, 
living place, past medical history, chief complaint, the 
duration of hospital admission, the duration of admis-
sion at the intensive care unit (ICU), season of hospi-
tal admission, mortality rate, and final diagnosis, were 
collected from hospital documents and recorded into a 
checklist as well. The air quality index (AQI), air tem-
perature, and humidity level from 2017 to 2019 were 
retrieved from the Mashhad Environmental Pollution 
Monitoring Center. Air pollution indices include the 
concentration of sulfur dioxide  (SO2), carbon monoxide 
(CO), nitrogen dioxide  (NO2), and particulate matter 
(PM) smaller than 2.5 and 10 μm. The formula for cal-
culating the AQI is as follows:

(AQIp): The air quality index for pollutant (p)
(Cp): The estimated concentration of pollutant (p)
(BPHi): The breakpoint that is greater than or equal to 

 (Cp)
(BPLo): The breakpoint that is less than or equal to  (Cp)
(IHi): The AQI value corresponding to  (BPHi)
(ILo): The AQI value corresponding to  (BPLo).
This formula converts pollutant concentrations into an 

AQI value, which can be used to inform the public about 
air quality. The breakpoints (BP) and the corresponding 
AQI values (I) are determined based on health impact 
categories and are provided in Table 1. The highest AQI 
value calculated from individual pollutants is reported as 
the AQI for the location [9].

The review board of Mashhad University of Medical 
Sciences approved the study, and the children’s parents 
filled out the informed consent form. We used descrip-
tive analytical methods such as central tendency, vari-
ability, and frequency distribution to report and analyze 
demographic and clinical data through tables and dia-
grams. The association between air pollution indices and 
the prevalence of asthma attacks and other respiratory 
signs and symptoms was examined by the Spearman cor-
relation test. The AQI and total hospital admission and 
asthma-related hospital admission were shown in two 
diagrams separately, and their correlation was evaluated 
by the Spearman correlation test as well. Data analysis 
was performed using the Statistical Package for Social 

AQIp =
(IHi − ILo)

(BPHi − BPLo)
× (Cp − BPLo)+ ILo
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Science (SPSS) version 25. p-value < 0.05 was considered 
statistically significant in this study.

Results
Altogether, 932 children with respiratory manifestations 
enrolled in our study, including 574 boys (61.6%) and 
358 girls (38.4%), and their mean age was 34.94 ± 27.77 
months. Seven-hundred thirty-six out of 932 patients 
(79%) resided in Mashhad. A total of 299 patients (32.1%) 
were admitted to a hospital in the past, but 633 patients 
(67.9%) had no history of hospital admission. Based on 
prevalence, signs and symptoms of the patients were 
cough (14.3%), fever and cough (13.7%), dyspnea (11.8%), 
respiratory distress (10.1%), cough and wheeze (3.2%), 
wheeze (2.8%), cough and dyspnea (3.9%), fever (1.7%), 
and asthma attack (1.4%). Forty-seven out of 932 patients 
(5%) were admitted to the intensive care unit. The mor-
tality rate was reported at 3.3% (31/932). The demo-
graphic and clinical data are summarized in Table 2. The 
first diagnosis of 262 patients (28.1%) was bronchioli-
tis, 188 patients (20.2%) had asthma attacks, 85 patients 
(9.2%) had pneumonia, and the rest were diagnosed with 
other respiratory disorders. As a final diagnosis, bronchi-
olitis was more prevalent among patients (36.7%) com-
pared to asthma attacks (25%) and pneumonia (9.8%).

The majority of patients (312 out of 932) were admitted 
to the hospital during winter, and hospital admission was 
more prevalent in spring (237/932), autumn (232/932), 
and summer (151/932), respectively. Figure  1 demon-
strates the season of hospital admissions due to respira-
tory manifestations.

Most patients diagnosed with asthma and bronchioli-
tis were admitted to the hospital in autumn and winter, 
respectively. In contrast, the frequency of pneumonia-
related hospital admissions was almost the same during 
different seasons of the year. Figure 2 shows the season of 
hospital admission with a diagnosis of asthma, bronchi-
olitis, and pneumonia. Table 3 demonstrates the survival 

and mortality rate association with age, sex, and final 
diagnosis. There was a significant correlation between the 
final diagnosis and mortality of patients (p-value < 0.001). 
Thirty-one out of 932 patients died, of which 22.6% were 
diagnosed with pneumonia, and 77.4% had another diag-
nosis, while none of the patients with asthma or bronchi-
olitis died.

Table 1 The breakpoints of AQI [9]

The breakpoints

Classification AQI NO₂ (ppm)
1 h

SO₂ (ppm) 24 h CO (ppm) 8 h PM₁₀ (μg/m3)
24 h

PM₂.₅ (μg/m3)
24 h

Good 0–50 0–0.053 0.00–0.034 0.0–4.4 0–54 0–12

Moderate 51–100 0.054–0.1 0.035–0.144 4.5–9.4 55–154 12–35.4

Unhealthy for sensi-
tive groups

101–150 0.101–0.360 0.145–0.224 9.5–12.4 155–254 35.5–55.4

Unhealthy 151–200 0.361–0.640 0.225–0.304 12.5–15.4 255–354 55.5–150.4

Very unhealthy 201–300 0.65–1.24 0.305–0.604 15.5–30.4 355–424 150.5–250.4

Hazardous 301–400 1.25–1.64 0.605–0.804 30.5–40.4 425–504 250.5–350.4

401–500 1.65–2.04 0.805–1.004 40.5–50.4 505–604 350.5–500

Table 2 Demographic and clinical data of 932 patients

a Intensive care unit

Variable Number/mean ± SD Percentage

Age (month) 34.94 ± 27.77 -
Sex

 Male 574 61.6
 Female 358 38.4
Living place

 Mashhad 736 79
 Other cities 196 21
History of hospital admission

 Yes 299 32.1
 No 633 67.9
Sign and symptom

 Cough 133 14.3
 Fever and cough 128 13.7
 Dyspnea 110 11.8
 Respiratory distress 94 10.1
 Cough and wheeze 30 3.2
 Wheeze 26 2.8
 Cough and dyspnea 36 3.9
 Fever 16 1.7
 Asthma attack 13 1.4
 Other 346 37.1
Duration of hospital admission 
(day)

4.10 ± 4.14 -

Admission at  ICUa 47 5
Mortality 31 3.3
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Figure  3 shows the number of hospital admis-
sions due to respiratory manifestations and the AQI 
of each month from January 2018 to December 2019. 
Hospital admissions due to respiratory manifesta-
tions were not associated with the AQI of each month 
(p-value = 0.794).

Similarly, asthma attacks were not associated with the 
AQI of each month (p-value = 0.311). Figure  4 shows 
asthma attack-related hospital admissions and the AQI 
of each month from January 2018 to December 2019.

More concentration of sulfur dioxide  (SO2) was 
remarkably associated with an increase in the total num-
ber of hospitalized patients with respiratory manifesta-
tions (correlation coefficient = 0.487, p-value = 0.016) but 
not with an asthma attack (correlation coefficient = 0.382, 
p-value = 0.066). The total number of hospital admissions 
due to asthma attacks and other respiratory manifesta-
tions was not correlated to the concentrations of carbon 
monoxide (CO), nitrogen dioxide  (NO2), and also partic-
ulate matter (PM) smaller than 2.5 and 10 μm. The results 

Fig. 1 The season of hospital admission because of respiratory manifestations

Fig. 2 The season of hospital admission with a diagnosis of asthma, bronchiolitis, and pneumonia
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Table 3 The association of mortality and survival with age, sex, and final diagnosis

Feature Survival Mortality

Number Percentage Number Percentage p-value

Sex
 Male 650 62.20% 14 45.20% 0.062
 Female 341 37.80% 17 54.80%
Disease
 Asthma 233 25.90% 0 0  < 0.001
 Bronchiolitis 342 38% 0 0
 Pneumonia 84 9.30% 7 22.6%
 Other 242 26.90% 24 77.40%
Age (month) 27.65 ± 34.87 31.23 ± 37.59 0.581

Fig. 3 The number of hospital admissions due to respiratory manifestations and the AQI index of each month from January 2018 to December 
2019

Fig. 4 Asthma attack-related hospital admissions and the AQI of each month from January 2018 to December 2019
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of the correlation between the total number of hospital 
admissions due to respiratory manifestations and asthma 
attacks and the concentration of air pollution indices of 
each month are summarized in Table 4.

Discussion
Children are more vulnerable to air pollution-induced 
respiratory disorders because of immature immune and 
respiratory systems, more permeability of airway epi-
thelium, higher respiratory and resting metabolic rate 
due to growing and larger surface area per unit body 
weight, and smaller airways leading to earlier obstruc-
tion [8, 10]. Children have higher air intake because of 
more outdoor activity than adults, making them more 
susceptible to air pollution [8]. Air pollution can cause 
various respiratory disorders, including asthma attacks 
and respiratory infections such as pneumonia, bron-
chiolitis, and tuberculosis [2]. In our study, patients’ 
final diagnoses were bronchiolitis, asthma attack, and 
pneumonia. Of these, the correlation between asthma 
attacks and the AQI was studied, and no significant 
correlation was found. In contrast, Evangelisti et  al. 
investigated the association between air pollution and 
hospital admission due to bronchiolitis. The results 
revealed that short-term exposure to  PM10,  PM2.5, and 
 NO2 was significantly correlated to bronchiolitis [11]. 
Two other studies demonstrated the remarkable rela-
tion between severe bronchiolitis and exposure to 
 PM10,  PM2.5, and  NO2 [12, 13]. Darrow et  al. have 
researched upper respiratory tract infection (URI) and 
air pollution in 0–4-year-old children and concluded 

that short-term exposure to  NO2,  PM10, and  PM2.5 can 
lead to a higher hospital admission rate due to pneu-
monia [14]. Similarly, Liu et  al. showed a statistically 
significant association between URI and concentration 
of  SO2, CO,  NO2,  PM10, and  PM2.5 [15]. Bronchiolitis 
is among the most common causes of children’s hos-
pital admission during winter [16]. However, asthma 
exacerbations occur mostly in the autumn season [17]. 
Likewise, our results showed that most bronchiolitis 
and asthmatic patients were admitted to a hospital in 
winter and spring, respectively. Similarly, Hoeppner 
et al. found that hospital admission due to bronchiolitis 
increases during winter [18]. We also investigated the 
association between asthma attacks and the concentra-
tion of air pollution indices  (SO2, CO,  NO2,  PM10, and 
 PM2.5), and none of them was associated with hospital 
admission due to asthma attacks. Similarly, using traffic 
proximity and density as proxies for air pollution expo-
sure, some earlier studies found no remarkable asso-
ciation between asthma development and air pollution 
[19–21]. In contrast, some other studies showed a nota-
ble correlation between the concentration of  SO2,  NO2, 
and  PM2.5 and a higher prevalence of asthma attacks [3, 
22, 23]. We found that the concentration of air pollution 
indices (CO, NO2,  PM10, and  PM2.5) did not correlate to 
hospital admission due to respiratory signs and symp-
toms such as cough, fever, dyspnea, respiratory distress, 
and wheezing, but the concentration of  SO2 did. Our 
results also showed no significant association between 
the AQI and hospital admission because of asthma 
attacks and other respiratory signs and symptoms. 

Table 4 Correlation between the total number of hospital admissions due to respiratory manifestations and asthma attacks and 
concentration of air pollution indices of each month

a Carbon monoxide
b Nitrogen dioxide
c Sulfur dioxide
d Particulate matters less than 10 μm
e Particulate matters less than 2.5 μm

Indices Correlation with the total number of patients 
with respiratory manifestations

Correlation with the total 
number of patients with asthma 
attack

aCO (ppm) Correlation coefficient  − 0.89  − 0.213
P-value 0.679 0.317

bNO2 (ppb) Correlation coefficient 0.164  − 0.216
P-value 0.444 0.311

cSO2 (ppb) Correlation coefficient 0.487 0.382
P-value 0.016 0.066

dPM10 (mic-g/m3) Correlation coefficient  − 0.390  − 0.131
P-value 0.059 0.541

ePM2.5 (mic-g/m3) Correlation coefficient  − 0.173  − 0.302
P-value 0.419 0.152
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Correspondingly, Nicolai’s research demonstrated that 
nonspecific respiratory symptoms like chronic cough 
are associated with long-term exposure to  SO2 but not 
asthma [24]. Similarly, Pan et al. showed that the preva-
lence of respiratory symptoms such as persistent cough 
and phlegm has increased in exposure to  SO2 [25]. 
Another study also showed that short-term exposure to 
 SO2 is strongly associated with hospital admission due 
to respiratory diseases, especially among children aged 
0–4 [26]. Likewise, Mansourian et  al. found a signifi-
cant association between  SO2 and  PM10 concentrations 
and respiratory-related children’s hospital admissions 
in Isfahan, Iran [27]. Similar to our study, Ranzi and his 
colleagues found that exposure to traffic-related pollu-
tion is weakly associated with respiratory issues in chil-
dren during the first 7 years of their lives [28]. Another 
study, based on a large Swedish birth cohort, showed 
that asthma is not significantly associated with expo-
sure to air pollutants [29]. Exposure to  NO2 can trigger 
asthma attacks by increasing leukotriene production 
[30]. Unlike our study, several studies demonstrated a 
remarkable association between the concentration of 
 NO2 and the development of respiratory symptoms [31, 
32]. Clark et al. found that early exposure to air pollut-
ants such as  NO2, carbon monoxide (CO), nitric oxide 
(NO),  PM10,  SO2, and black carbon can contribute to 
the development of asthma in preschool ages [4]. A 
similar study showed higher concentrations of  NO2 and 
 PM2.5, which resulted in asthma symptoms and boosted 
its prevalence [33]. Contrary to our study, a higher PM 
concentration resulted in more respiratory symptoms 
and asthma exacerbation among 6- to 12-year-old chil-
dren exposed to petrochemical pollution. Seemingly, 
more exposure to PM was concomitant with higher 
rates of hospital admission for respiratory disorders, 
especially asthma attacks [1]. Another study suggested 
higher levels of  PM2.5 can contribute to new-onset 
wheeze among 5- to 7-year-old children [34]. A meta-
analysis comprised of 41 studies also showed a remark-
able association between the development of asthma 
and exposure to  NO2,  PM2.5, and  PM10 [35]. This study 
also found a significant correlation between the final 
diagnosis and mortality of patients. Thirty-one out of 
932 patients died, of which 22.6% were diagnosed with 
pneumonia and 77.4% had another diagnosis. Pneumo-
nia was reported as the most prevalent cause of death 
among children aged more than 5 years old suffering 
from respiratory diseases [36]. In 2019, 740,180 chil-
dren died from pneumonia, which accounts for 14% of 
all deaths in children under the age of 5 [37]. From 1968 
to 2000, pneumonia, asthma, and cystic fibrosis were 

responsible for 73% of all respiratory mortality among 
1- to 16-year-old patients in England and Wales [38].

Conclusion
The present study investigated the association of air pollu-
tion with the respiratory health of children admitted at one 
of the pediatric hospital centers in Mashhad, Iran. Mash-
had is one of the most extensive and most populated cities 
in Iran. A few similar researches have studied the asso-
ciation between air pollution and the respiratory health 
of Iranian children. As air pollution is accelerating and its 
health effects are devastating, more research is necessary 
to improve environmental health policies in developing 
countries. Generally, our cross-sectional study showed no 
statistically significant association between air pollution 
and hospital admissions due to respiratory manifestations 
in children; however, achieving comprehensive results 
requires more investigation into the enormous population 
exposed to air pollution for a long time.
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