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ABSTRACT

Objective: Air pollution reaches the systemic circulation in and through the lungs, causing a de-
crease in respiratory functions, respiratory tract infections, the development of asthma and chronic 
obstructive pulmonary disease, and an increase in exacerbations.There is no study in medical 
literature showing the relationship between air pollution and lower respiratory tract infection emer-
gency service admissions in Ankara. This study aims to show the relationship between air pollution 
and the rate of Emergency Department Visits (EDVs) of patients with chest dieseases.

Material and Methods: This retrospective cross-sectional study was conducted in Ankara 
Atatürk Training and Research Hospital using medical records belonging to 302 EDVs for respi-
ratory diseases. The data on ambient SO2 and PM10 levels corresponding to the EDV dates were 
retrieved from the National Air Quality Monitoring Network website. The demographics and clini-
cal data gathered from electronic files of patients were compared with the levels of air pollutants. 
Statistical analyses were performed using SPSS 20.0In the study, demographic characteristics, 
symptoms and diagnosis of the admission to the emergency department, arterial blood gase 
(pH, PaCO2, PaO2, SO2), complete blood count, C-reactive protein and procalcitonin levels of 
the patients were examined.

Results: Among chest diseases EDVs, 11.6% of the patients had asthma, 33.1% chronic ob-
structive pulmonary disease, 13.9% pulmonary thrombo embolism, 44.7% pneumonia, 11.2% 
bronchiectasis, % 4 had interstitial lung disease, 2% had lung cancer and 44.7% had obstructive 
pulmonary disease. 87.7% of the patients presented with cough, 40.4% with sputum, 64.9% with 
shortness of breath, 37.4% with chest pain, 6% with hemoptysis and 27.8% with other symptoms. 
It was determined that SO2 and PM10 levels, which are among the air pollutant parameters, were 
at the highest values in December at the time of admissions to the emergency service. Air pollu-
tion parameters were found to be significantly higher in patients with asthma, chronic obstructive 
pulmonary disease, pneumonia and obstructive pulmonary diseases compared to those without 
the disease (p<0,05). Air pollution parameters were found to be significantly higher in patients with 
cough, sputum, shortness of breath, and chest pain compared to those without these symptoms.

Conclusion: As the level of air pollution increases, the number of applications to the emergency 
room due to chest diseases increases and this is especially correlated with the increase in SO2, 
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INTRODUCTION
Respiratory diseases, chronic obstructive pulmonary disease (COPD), 
lower respiratory infections, and pulmonary cancer are among the top 
causes of death that accounted for 55% of the 55.4 million deaths 
worldwide.[1] Environmental factors, particularly air pollution, have 
been associated with mortality and morbidity in respiratory diseases.
[2–7] Considering the 91% of the global population that reside in loca-
tions with poor air quality, it is conceivable that ambient air pollution is 
one of the main factors in an estimated 4.2 million premature deaths.[8]

Among the common proxy indicators of air pollution, two of the 
strongest evidence for adverse health effects come from escalations 
of Sulfur dioxide (SO2) and Particulate Matter, reported to be respon-
sible for an increase in emergency department visits (EDVs) for res-
piratory diseases.[9–13] SO2 is produced during domestic heating or 

combustion of fossil fuel in industrial settings. Coarse PM (PM10), with 
a diameter between 2.5 and 10 µm, mainly occurs from construction 
work, industrial emissions, soil, and road dust resuspensions.[4,9,14–16] 
A strong relationship was found between asthma, COPD, and the 
higher levels of SO2 and PM10.[5,17–20]

Ambient air pollution has been recognized as a serious health 
problem in Turkey, a country with over 82 million population and 
dense urban centers, home to 98.9% of the total population.[21] 
Although the adverse effects of air pollution have been investigated 
in several studies from Turkey, data from Ankara, a highly urbanized 
and industrialized province, insufficient.[14,22–27] We hypothesized that 
the rates of respiratory diseases would increase when the levels of 
air pollutants escalate. We planned to conduct a study for a period 
including the warmer and colder months to observe the seasonal ef-
fects of air pollutants on human health as previously reported.[5,10,11,18] 

ÖZ

Amaç: Hava kirliliği, akciğerde ve akciğer aracılığıyla sistemik dolaşıma ulaşarak solunum fonk-
siyonlarında azalmaya, solunum yolu enfeksiyonlarına, astım ve kronik obstrüktif akciğer has-
talığı gelişimine ve alevlenmelerin artışına sebep olur. Literatürde Ankara ilinde hava kirliliği ile 
alt solunum yolu enfeksiyonu acil servis başvurularını gösteren çalışma mevcut değildir. Bu ça-
lışmada, acil servise başvuran göğüs hastalıkları bulunan hastaların başvuru oranlarının hava 
kirliliği ile ilişkisinin gösterilmesi amaçlandı.

Gereç ve Yöntemler: Çalışmaya, Ağustos 2018-Şubat 2019 tarihleri arasında Ankara Atatürk 
Eğitim ve Araştırma Hastanesi Acil Servisine göğüs hastalıkları konsültasyonu sonucunda primer 
pulmoner patoloji düşünülen hasta başvuruları alındı. Araştırmaya 302 hasta dahil edildi. Araştır-
mada hava kirliliği indikatörleri olarak SO2, PM10 ve PM2,5 seçildi. İndikatörlere ilişkin günlük veri-
ler, T.C. Çevre, Şehircilik ve İklim Değişikliği Bakanlığı’nın Hava Kalitesi İzleme İstasyonları web 
sitesinden alındı. Araştırmada hastaların demografik özellikleri, acil servise başvuru semptomları 
ve başvuru tanıları, arter kan gazı (pH, PaCO2, PaO2, SO2), tam kan sayımı, C-reaktif protein ve 
prokalsitonin düzeyleri incelendi.

Bulgular: Göğüs hastalıkları acil başvurusunda hastaların %11,6’sı astım, %33,1’i kronik obstrüktif 
akciğer hastalığı, %13,9’u pulmoner tromboemboli, %44,7’si pnömoni, %11,2’si bronşiektazi, %4’ü 
interstisyel akciğer hastalığı, %2’si akciğer kanseri ve %44,7’si obstrüktif akciğer hastalığı tanılı idi. 
Hastaların %87,7’sinin öksürük, %40,4’ünün balgam, %64,9’unun nefes darlığı, %37,4’ünün gö-
ğüs ağrısı, %6’sının hemoptizi ve %27,8’inin diğer semptomlarla başvuru yaptıkları saptandı. Acil 
servise başvuruda aralık ayında hava kirletici parametrelerden SO2, PM10 düzeylerinin en yüksek 
değerde olduğu saptandı. Astım, kronik obstrüktif akciğer hastalığı, pnömoni ve obstrüktif akci-
ğer hastalıkları olanlarda olmayanlara kıyasla hava kirliliği parametresi/parametreleri anlamlı olarak 
daha yüksek saptandı (p<0,05). Öksürük, balgam, nefes darlığı, göğüs ağrısı olanlarda olmayan-
lara kıyasla hava kirliliği parametresi/parametreleri anlamlı olarak daha yüksek saptandı (p<0,05). 

Sonuç: Hava kirliliği düzeyi arttıkça acil servise göğüs hastalıkları nedeniyle olan başvuru sayısı 
artmakta ve bu özellikle SO2, PM10 ve PM2,5 düzeyi artışıyla korelasyon göstermektedir. Hava kir-
liliğine bağlı tetikleyici faktörlerin göğüs hastalıkları nedeniyle başvuran hastalarda semptomları 
tetiklediği ve kronik obstrüktif akciğer hastalığı, astım ve pnömoni riskinin artmasında önemli bir 
faktör olduğu belirlendi.

Anahtar kelimeler: Acil başvuruları, hava kirliliği, PM10, SO2, solunum sistemi hastalıkları.

PM10 and PM2.5 levels.It was determined that the air pollution related triggering factors triggered the 
symptoms in patients who applied for chest diseases and that these factors are important factors 
in increasing the risk of chronic obstructive pulmonary disease, asthma and pneumonia.

Keywords: Air pollution, emergency department visits, PM10, respiratory diseases, SO2.
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To test our hypothesis in a cross-sectional study, we aimed to in-
vestigate the relationships between SO2, PM10, and lower respiratory 
diseases by retrospectively evaluating the records of EDVs in a third-
level health-care facility in Ankara and analyze the data by comparing 
with air pollutant levels corresponding to the dates of EDVs.

MATERIAL AND METHODS

Study Design and Setting

This retrospective and analytical cross-sectional study was con-
ducted in Ankara Atatürk Training and Research Hospital, a 500-bed 
tertiary care facility with an annual 45,000 EDVs. Ankara, with 25.632 
km2 of land and 5.445 million population, is the second largest city 
and the capital of Turkey that is highly urbanized and industrialized. 
[28] Air pollution, which is the main problem of Ankara, especially in 
winter, stems from sources such as public transport, domestic heat-
ing, and industrial settings. Moreover, its geographic location in 
central Anatolia and surrounded by mountains on three sides is not 
favorable for air circulation, which leads to the hovering of harmful 
pollutants above the city.[29,30]

Participant Inclusion and Exclusion Criteria

After screening the medical records belonging to the EDVs of con-
secutive cases who presented with respiratory complaints between 
August 2018 and January 2019, the demographic and clinical data 
of patients diagnosed with lower respiratory diseases by the consul-
tant pulmonologist were included in the study. The diagnosed lower 
respiratory diseases consisted of asthma, COPD, pulmonary throm-
boembolism, pneumonia, bronchiectasis, interstitial lung disease, 
lung cancer, and asthma-COPD overlap (ACO).

The patients younger than 18 years, without a diagnosis of lower 
respiratory disease, and with missing medical or air pollution data rel-
evant to the study were excluded. The multiple EDVs with the same 
diagnosis during the study period were not included.

Ethical Statement

The study, which was designed in accordance with the amended Dec-
laration of Helsinki, Good Clinical Practice guidelines, and the Patient 
Rights regulations, was approved by the Ethics Committee of Ankara 
Yildirim Beyazit University Faculty of Medicine (Number: 66, Date: 
05/29/2019). Data gathered were anonymized before the analyses.

Data sources and variables for analysis

The electronic medical files of patients were retrieved from the hospital 
archive system and relevant data were gathered from the records. The 
demographical and clinical data consisted of age, gender, location of 
residency, the EDV date and presenting symptoms, smoking status, 
co-morbidities, the diagnosis by the pulmonologist and outcome of 
EDV, and laboratory results including complete blood count, C-reac-
tive protein (CRP), procalcitonin (PCT), and arterial blood gases (pH, 
pCO2, pO2, sO2) that were part of the routine investigations policy for all 
patients with respiratory complaints in our ED. The one-month mortal-
ity records were obtained from the institutional mortality report system.

The proxy pollutants selected for the current study were SO2 and 
PM10, and their 24-hour average concentrations on the dates corre-
sponding to the EDVs and from the station closest to the residency of 
the patients were acquired from the database of National Air Quality 
Monitoring Network (NAQMN).[31]

The acquired pollutant data was handled in monthly clusters for 
analysis purposes. The relationship between the investigated vari-
ables of EDVs and pollutants were analyzed for SO2 and PM10 sepa-
rately in general and in subgroups categorized according to the crit-
ical threshold levels (SO2:20 µg/m3 and PM10:40 µg/m3) as reported 
in NAQMN webpage.[32]

The possibility of recall bias was eliminated by the study design, 
which depended on gathering data from officially written records, in 
addition to reviewing the accuracy by at least two coauthors of the 
study. The possibility of selection bias was avoided by conducting the 
study on consecutive cases meeting the eligibility criteria and without 
any stratification. The cases with a lack of data relevant for the study 
were excluded to minimize the information bias.

The primary outcome measure had been set as the number of 
monthly EDVs for lower respiratory diseases in relation to the mean 
SO2 and PM10 levels. The secondary outcome measure had been set 
as the distribution of demographic and clinical data in relation to the 
mean SO2 and PM10 levels.

Statistical analysis

Statistical Package for Social Sciences (SPSS) for Windows Ver-
sion 20.0 (IBM SPSS Inc., Chicago, IL) was used for statistical 
analyses. The normal distribution of data was evaluated using the 
Kolmogorova-Smirnov test. The numerical variables with normal 
distribution were expressed as mean±standard deviation and the 
ones without normal distribution were expressed as median and 
interquartile range (minimum-maximum). The categorical variables 
were expressed as numbers and frequencies. The comparison of 
numerical variables was analyzed using the t-test or the Mann-
Whitney U-test. The ANOVA or Kruskall Wallis H tests were used 
for comparing numerical variables among three or more groups. 
Categorical variables were compared via Chi-square and Fisher’s 
exact tests. Pearson correlation test was performed to determine 
the relationship between pollutants and laboratory test results. A p-
value below 0.05 was considered statistically significant.

RESULTS
A total of 327 ED patients who were diagnosed with a pulmonary dis-
ease were identified to be eligible for the study period of six months. 
Twenty-five cases in which the air pollutant data could not be acquired 
from the monitoring station relevant for the patient were excluded. The 
study was completed with 302 patients confirmed eligible.

The mean age of patients was 68.9±15.8 years (min-max: 
21–95). The majority of the group were ≥65 years (64.6%), male 
(59.9%), and former smokers (51.7%). The majority of the EDVs 
were patients from Sincan (59.3%). Following the EDV, approxi-
mately one-fourth of patients (25.8%) were admitted to the intensive 
care unit (ICU), while 34.4% were followed up as an outpatient. The 
general mortality rate was estimated as 12.3%. The ICU admission 
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and mortality rates in patients ≥65 (30.3% and 16.4%, respectively) 
were significantly higher than those in patients <65 (17.8% and 
4.7%, respectively). (p=0.045 and p=0.003, respectively). Table 1 
summarizes the demographical data (Table 1).

The median SO2 and PM10 values in Ankara during the 6-month 
study period were 11.7 µg/m3 (min-max: 1.5–122) and 49.1 µg/m3 
(min-max: 10.8–831), respectively. The median SO2 exposure in 
patients ≥65 years (13.8 µg/m3) was significantly higher than that of 
the patients <65 years (9.6 µg/m3) (p=0.048). The number of EDVs 
was the greatest in December (n=120, 39.7%) when the median 
SO2 (20.7 µg/m3) and PM10 (80.8 µg/m3) were significantly higher 

than their values in other months (p<0.001) (Fig. 1). The rate of 
EDVs in December was significantly higher in patients exposed to 
higher than threshold (HTT) SO2 (82.2%) and PM10 (48.9%) when 
compared with the patients (26.2% and 24.1%, respectively) ex-
posed to lower than threshold (LTT) (p<0.001) (Table 1).

The most common presenting symptom was cough in 87.7% of 
the patients. The median SO2 (11.5 µg/m3) and PM10 (46.7 µg/m3) that 
the patients with cough exposed to were significantly higher than the 
values the patients without cough exposed (p<0.001 and p=0.002, 
respectively). The other symptoms that were significantly related to 
higher median SO2 and PM10 included phlegm, dyspnea, and chest 

Figure 1: Distribution of SO2 ve PM10 levels by application date.
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pain (p<0.001 for each). There were significant 
relationships between the HTT SO2 levels and 
the rate of patients presented with dyspnea 
(90.4%) and chest pain (67.1%) (p<0.001), as 
well as between the HTT PM10 levels and the 
rate of patients presented with cough (67.9%, 
p<0.001), phlegm (46.8%, p=0.003), dyspnea 
(74.2%, p<0.001), and chest pain (44.2%, 
p=0.001) (Table 2) (Fig. 2).

The two most common diagnoses in the 
study were pneumonia (44.7%) and ACO 
(44.7%). The rate of COPD (36.9%) in patients 
≥65 years were significantly higher than that 
in patients <65 years (26.2%) (p=0.05), while 
the rates of asthma (8.7%) and bronchiectasis 
(2.1%) were significantly lower than those in 
patients <65 years (16.8% and 10.3%, respec-
tively) (p=0.04 and p=0.004, respectively). The 
diagnoses of COPD and pneumonia were sig-
nificantly higher in cases from the Sincan area 
and exposed to significantly higher levels of 
SO2 (11.4 µg/m3) and PM10 (44.3 µg/m3) in De-
cember compared to other months (p<0.001) 
(Figs. 3, 4). The median SO2 in COPD (15.5 
µg/m3) and pneumonia (15.4 µg/m3) cases 
were significantly higher than the cases with-
out those diagnoses (p=0.033 and p=0.020, 
respectively), while the median PM10 in asthma 
(64.3 µg/m3), COPD (63.1 µg/m3), pneumonia 
(57.8 µg/m3), and ACO (58.6 µg/m3) were 
significantly higher than the patients without 
those diagnoses (p=0.22, p<0.001, p=0.028, 
and p=0.048, respectively). There were sig-
nificant relationships between the HTT SO2 
and the rate of patients with COPD (43.8%, 
p=0.032) and pneumonia (58.9%, p=0.034), 
and between the HTT PM10 and the rate of pa-
tients with COPD (37.9%, p=0.021) and pneu-
monia (48.9%, p=0.045) (Table 3).

The comorbid conditions in the study group 
consisted of atherosclerotic heart disease 
(ASHD) (39.4%), heart failure (24.8%), hy-
pertension (51%), diabetes mellitus (17.5%), 
neurologic disorders (15.6%), and others 
(20.9%). No relationships were found between 
any comorbidity and the levels of air pollutants 
(p>0.05); however, we found a significant rela-
tionship between the HTT SO2 and the rate of 
patients with ASHD (50.7%, p=0.047).

There was a significant relationship be-
tween the HTT SO2 and the higher mean blood 
pH (7.5±0.1) compared to the pH (7.4±0.1) in 
patients exposed to LTT SO2 (p=0.039). There 
were a significant correlations between the 
HTT PM10 and mean CRP (69.6 mg/l) and 
mean PCT (0.5 ng/ml) compared to the CRP Sy
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(45 mg/l) and procalcitonin levels (0.2 ng/ml) in patients exposed to 
LTT SO2 (p=0.029, p=0.033, and p=0.029, respectively).

The levels of SO2 significantly correlated with the levels of PM10 
(r:0.827, p<0.001). The analyses demonstrated significant correla-
tions between the SO2 levels and mean blood pH (r:0.312, <0.001), 
pCO2 (r:0.344, p<0.001), pO2 (r: –0.931, p<0.001), COHb (r: 0.296, 
p=0.039), CRP (r: 0.296, p=0.047), and PCT (r: 0.394, p=0.013). 
There was a significant correlation between the PM10 and PCT (r: 
0.305, p=0.013) (Table 4).

DISCUSSION
The present study provided support to our hypothesis about the pres-
ence of a relationship between the number of EDVs for respiratory 
diseases and the levels of air pollution, based on our observation of a 
significant number of EDVs for lower respiratory diseases in Decem-
ber (39.7%), when the median SO2 (20.7 µg/m3) and PM10 (80.8 µg/
m3) were significantly higher than the other months (p<0.001). The 
subgroup analyses also indicated that the HTT SO2 and PM10 expo-
sure was significantly related to 120 cases of EDVs in December. 
Overall, the median SO2 and PM10 values in our study (11.7 and 49.1 
µg/m3, respectively) were close to the values recently reported for 
Ankara (10.6 and 62.2 µg/m3, respectively).[25] Consistent with our 
results, an escalation in the number of hospital admissions for res-
piratory diseases due to increased concentrations of SO2 and PM10 
had been observed in various studies from Turkey.[22–25]

In some study designs, lag days were incorporated for analyzing 
the time effect of air pollution on respiratory diseases. While some 
studies reported the worse adverse effects at lag days ranging be-
tween 0 and 2,[11,13] some others reported that no consistent evidence 
for lagging was present for lower respiratory diseases.[20] Recently, a 
study from Turkey pointed out the impact of air pollution on EDVs within 
ten day post-exposure.[22] Here, we did not employ a design consider-
ing lag days, instead analyzed the results in monthly clusters. Thus, a 
relationship between an increase in the monthly median concentration 
of air pollutants and the EDV numbers must be interpreted as the re-
flection of a general picture of the incidents without fine-tuning.

The vulnerability of people ≥65 years to the effects of air pollu-
tion had been reported previously in many studies.[10,11,24,25] Consis-
tently, the age-stratified analysis showed that patients ≥65 were sig-
nificantly exposed to higher median SO2 (13.8 µg/m3) corresponding 
to the dates of their EDVs. Moreover, in our study, the mean age 
of the patients was 68.9±15.8 years, and 64.6% of the cases were 
≥65 in our study. As our study design does not allow to establish a 
causative effect besides uncontrolled age-related confounding fac-
tors, our observation of the statistically significant higher rates of 
ICU admission (30.3%) and mortality (16.4%) in patients ≥65 years 
could be interpreted as a tendency for an increase in age and nega-
tive impacts of ambient air pollution.

Another research subject is the effects of air pollutants on the 
seasonality of hospital admissions for respiratory diseases.[6,11,12] 
Recent studies indicated peak numbers of EDVs and hospital ad-

Figure 3: Distribution of PM10 levels (line graph) and lung diseases (column graph) in Sincan region by date of application.
PM10: Particulate matter 10, COPD: Chronic obstructive pulmonary disease, PTE: Pulmonary Thromboembolism, ILD: Interstitial Lung Diseases, LD: Lung Diseases.

Asthma

Lung cancer

Bronchiectasis

COPD

Obstructive LD

PTE

Pneumonia

ILD

0 3.1 7.1 9.1 16.2 4.2

0 28.1 14.3 4.5 7.4 8.3

0 9.4 7.1 9.1 4.4 0

0 3.1 3.6 4.5 2.9 0

20 21.9 42.9 22.7 36.8 45.8

40 46.9 32.1 50 50 62.5

40 0 3.6 9.1 1.5 0

20 25 50 31.8 52.9 50

900

800

700

600

500

400

August September October November December January

300

200

100

0

90

80

70

60

50

40

30

20

10

0

Patient ratio (%
)PM

10
 (μ

g/
m

3 )

2020

40 40

3.1 3.1

9.4

46.9

21.9
25

28.1

9.1
4.5

9.1
9.1

50

22.7

31.8

4.5 4.4
1.5

50

36.8

52.9

7.4
2.9

16.2

62.5

45.8
50

8.3
4.23.67.1

32.1

3.6

42.9

50

14.3

7.1



Öztürk et al. Air Pollution and Respiratory Emergency Visits Journal of Izmir Chest Hospital 2022;36(1):41–51

48

missions for respiratory diseases associated with escalated air pol-
lution during the colder winter months.[6,10,11] Consistently, more than 
half of the EDVs (198 out of 302) in the current study were between 
November and January, corresponding to the cold season in Ankara. 
Moreover, ambient concentrations of SO2 and PM10 were maximum 
in these months.[33] Respiratory diseases, such as asthma and pneu-
monia in colder months, were associated with air pollution in Turkey.
[25,27] In some of the studies, different air pollutants were evaluated 
separately. For example, pneumonia in patients ≥65 in colder months 
was associated with the high levels of PM10 but not with SO2.[25]

The current study indicated that EDVs for pneumonia and COPD 
were both related with higher SO2 and PM10, while PM10 was sig-
nificantly higher in EDVs for asthma and ACO. The association 
between respiratory diseases and the ambient concentrations of 
SO2 and PM10 was not consistent among the studies. For example, 
pneumonia was associated with PM10 but SO2 in two recent studies.
[5,34] Contrarily, Soleimani et al.[17] reported an association between 
pneumonia and SO2. Yet, in another study, pneumonia EDVs were 
associated with none of the air pollutants.[18] In some studies, an as-
sociation between SO2 and asthma was found,[35] while in others and 
similarly to our results, no association was detected.[12,17,26] Previously 
and consistent with our observations, positive associations between 
higher SO2 and PM10 concentrations and COPD exacerbations were 
reported.[5,17,18,26,33] It should be noted that discrimination between a 
new diagnosis vs exacerbation of COPD was not possible due to 
the design of our study. On the other hand, we observed significant 

correlations between SO2 and PM10 and the PCT values, which were 
previously associated with disease severity in acute exacerbations 
of COPD and pneumonia.[36–38] Higher levels of SO2 and PM10 were 
associated with higher incidents of asthma and chronic bronchitis.
[14] The most common diagnosis in EDVs was pneumonia (44.7%), 
which was different than the results by Soleimani et al.,[17] who found 
the most reported disease in their study was COPD. The discordance 
of results for the relationship between air pollutants and respiratory 
diseases was attempted to be explained by different median levels 
of ambient pollutants in various study locations.[7] Additionally, Wang 
et al.[19] argued against the direct effect of SO2 and, based on its 
significant correlation with the presence of other pollutants in their 
study, suggested its association when adjusted for multiple-pollutant 
models. Consistent with the previous reports, we observed a posi-
tive correlation between the concentrations of SO2 and PM10.[7,26,33] 
We noticed that whenever a significant relationship with SO2 was 
observed, the same variable also had a significant relationship with 
PM10. In spite of the significant correlation observed between SO2 
and PM10, the explanation for the difference in the individual effects of 
each pollutant on the number of EDVs for different diagnoses in our 
and other studies exceeds the limits and the aim of the current study.

When we analyzed the presenting symptoms of patients to ED, 
a significant relations between SO2 and PM10 levels and four major 
symptoms (cough, phlegm, dyspnea, chest pain) were found, which 
was similar to the previous studies.[39,40] Further analysis regarding 
the threshold levels indicated that HTT PM10 but SO2 were related 
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to cough and phlegm, which was consistent with a previous study.
[39] No respiratory symptoms were associated with air pollutants in 
another Turkish study.[14] The symptoms of respiratory diseases are 
mostly not specific to one disease, and overlaps are common; on 
top of that, the frequency of symptoms varies with the escalations 
in air pollution.[41]

The strengths and limitations of the study should be addressed. 
To the best of our knowledge, this is the first study that investigated 
the effects of air pollution on multiple lower respiratory diseases 
rather than focusing on a single disease. Secondly, the inclusion of 
a diverse group of patients regarding age, gender, comorbidity, and 
smoking status allowed us to minimize the confounding bias. The 
location and credentials of our hospital with an annual patient volume 
higher than many tertiary hospitals in the area allowed our results to 
reflect the population in the central Anatolia to an important extent. 
The limitations of the study include the collection of ambient air pol-
lution data from fixed-site monitoring stations, which could lead to 
measurement errors out of our control. The lack of measuring other 
environmental factors, such as air temperature and other ambient 
air pollutants, is another limitation. The rate of EDVs for respiratory 
diseases might underestimate the extent of the population affected 
by the pollutants because outpatient clinics for respiratory diseases 
are also convenient options in the Turkish health-care system for 
patients with respiratory complaints. Although our hospital serves a 
large area, as mentioned before, still the conduction of the study in a 
single center may lead to sampling bias and limit the generalisability. 
The short study period of six months restricted to test for all seasonal 

trends in a year relevant to the study. The cross-sectional design of 
the study restricted the analyses for longitudinal effects of pollutants.

CONCLUSION
The significant relationship between escalations in ambient SO2 and 
PM10 and increased EDVs for lower respiratory diseases observed in 
this retrospective cross-sectional study indicated that air pollution in 
Ankara continues to be a critical health problem.
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