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Abstract. Asthma is a worldwide disease that affects all races, ages, and genders. In 2017, asthma attacked 

300 million people in the world. One risk factor for asthma is air pollution. The design of this study is a 

time-stratified case crossover, with secondary data types consisting of asthma visit data (ICD-10: J45) and 

pollutant data (PM10, O3, and NOx) in DKI Jakarta in 2017. The results from this study: Ozone exposure 

lag day 3 p = 0.04, OR = 1.0016 (95% CI 1,0001-1.003) and lag day 1 of  NOx exposure p = 0.04, OR = 

1.0050 (95% CI 1, 0003-1,010) which influences the visit of asthma patients in DKI Jakarta. It can be 

concluded that ozone and NOx are associated with asthma patient visits in DKI Jakarta, and this study on 

PM10 pollutants did not show any relationship with patient visits due to Asthma in DKI Jakarta.  

 

1 Introduction 
Air pollution represents a significant and pressing 
hazard, ranking among the leading causes of 
mortality today. According to the World Health 
Organization (WHO) 2015 figures, air pollution 
accounted for 6.4 million fatalities globally, with 
approximately 4.2 million deaths attributed to 
ambient air pollution. [1-3] An estimated 
economic loss due to air pollution is 21 billion 
US dollars (USD). [1,4] Global Burden Disease 
(GDB) 2015 identifies air pollution as a 
significant cause of the worldwide disease burden, 
especially for low and middle-income countries. 
[5] In 2015, there were an estimated 6.4 million 
deaths due to air pollution, with a disease burden 
of 167 million (95% UI 148-185 million) 
Disability-Adjusted Life Years (DALYs). In 2015, 
in Indonesia, the number of deaths caused by air 
pollutants was 78,600 (95% UI 62,000-92,700), 
with a disease burden of 1.08 million DALYs 
(95% UI 884,000-1,322,700). [5,6] 
According to the DALYs theory, each person has 
a certain amount of years to live if they are in 
optimal health at birth. Individuals may lose these 
years of healthy life by passing away before a 
reference life expectancy, dealing with illness, or 
both. The DALY metric precisely measures these 
losses in years of healthy life.  Thus, diseases with 
a more significant impact on public health will be 
responsible for more DALYs in the population 
than those with a lower impact. [7,8] 

 
DALY = (Number of cases x duration till remission 
or death x disability weight) + (Number of deaths x  

life expectancy at the age of death) [7]             (1) 
 

Air pollution is a risk factor for diseases of 
the respiratory system, nervous system, 
cardiovascular system, reproductive system 
(exposure during pregnancy), digestive system, 
and urinary system. Several studies have found 
that pollutants are at risk of lung cancer, asthma, 
chronic obstructive pulmonary  
disease, ischemic heart disease, and stroke. [9] 
Epidemiological studies show a relationship 
between air pollution and poor air quality with 
asthma attacks, which leads to an increase in the 
prevalence of hospital visits, wheezing, and 
reduced lung function. [10,11] Asthma is a health 
disorder in the respiratory system that can be 
caused by exposure to air pollution. Asthma 
epidemics occur in countries with lower middle 
income. Environmental changes are considered 
the most significant cause of asthma epidemics, 
especially exposure to traffic-related air pollution. 
[12,13] The Global Initiative on Asthma (GINA) 
reports that 2017 asthma attacks affected around 
300 million people worldwide. Asthma attacks are 
more common in urban areas and are increasing 
in developing countries. [14,15] 

Data in 2016 shows that as many as 92 % of 
the human population live in places with air 
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quality that is not appropriate and exceeds the 
limits or air quality standards issued by WHO. 
[16-18] The World Health Organization (WHO) 
determines several types of pollutants as 
indicators of air quality, including ozone (O3), 
Particulate Matter (PM), and NOx. [18]. 
Composition Particulate matter (PM) is a mixture 
of solid and liquid particles from various sources. 
Particulate matter (PM) is divided into three 
based on its diameter size: PM10, PM2,5, and 
PM1. Particulate matter 10 (PM10) is a particle 
measuring 2.5-10 μm (micrometer), PM2.5 is also 
called fine particulate and has a diameter of 0.1-
2.5 μm, and PM1 is also called ultrafine particle 
with a diameter ≤ 0.1 μm. Particulate Matter 10 
(PM10) enters the body through the airway and 
penetrates the proximal airway. Particulates 
Matter 2.5 (PM2,5) can be inhaled deeper than 
PM10 PM2.5 and then penetrate the lower airway 
to the lung parenchyma. Matter 1 particulate 
matter (PM1) can be inhaled into the alveoli, 
alveolar epithelial cells, and blood vessels. 
[19,20]. 

Ozone (O3) is a critical pollutant because 
ozone has oxidizing solid properties. Ozone 
results from a chemical reaction from nitrogen 
oxides and volatile organic compounds. The 
chemical reaction of ozone formation requires the 
presence of solar radiation (Ultra Violet (UV)) 
and high temperatures. [21] In the short term, 
ozone exposure can cause problems such as 
difficulty breathing, coughing, and wheezing. [22] 
Ozone is a pollutant associated with indoor 
asthma events and is a risk factor for asthma 
attacks due to ambient air pollution. [23] 

Nitrogen oxides found in the atmosphere are 
nitrogen oxides (NO), nitrogen dioxide (NO2), 
and nitrous oxide (N2O). The primary source of 
nitrogen oxides is the result of the combustion 
process. The combustion process produces a lot 
of nitrogen and oxygen, which then reacts to 
nitrogen oxides. Motorized vehicles make NO as 
much as 98 %. In the air, NO will change to NO2. 
Nitrogen dioxide is a toxic and dangerous gas for 
humans. Nitrogen oxide levels are hazardous if 
they exceed the ambient air quality standard. A 
high NOx can cause lung inflammation and result 
in death. [24] Exposure to NO2 can cause 
inflammation, changes in chronic and acute lung 
function, and increase allergic responses. [25] An 
increase in NO2 levels of 10 μg/m3 can increase 
the risk of asthma in adults. [26] The nature of 
nitrogen, which is toxic and can cause health 
problems, makes nitrogen oxide one indicator of 
air pollution. [27] The objective of this study was 
to investigate the connection between air 
pollution and the occurrence of asthma attacks. 

A large city like Jakarta is one of the main 

sources of air pollution and greenhouse gas 

emissions. In 2016, the population of Jakarta was 

10.3 million. The Indonesia Statistical Agency 

(2017) reports that there were 18.7 million motor 

vehicles in Jakarta in 2016–including trucks, 

buses, passenger cars, cargo automobiles, and 

motorcycles. According to the IQAir monitoring 

website, Jakarta's air quality index (AQI) is 

consistently in the red and orange categories, 

indicating unhealthy and unhealthy air conditions 

for sensitive groups. [28, 29] 

 

2 Materials and Methods 
The study design was a retrospective quantitative 
longitudinal observational study, with the type of 
time-stratified case-crossover research design 
sample selection using non-probability sampling-
purposive sampling. The research data were 
processed statistically with the IBM SPSS 22 and 
Rstudio 1.2.1335 applications. 

Asthma patient visits data (Code ICD-10 
J45) was obtained from five district health centers 
in DKI Jakarta. Each DKI Jakarta 
Administration City is presented by one district 
health center. The district health center selection 
is based on the nearest distance or less than five 
kilometers from the pollutant and weather 
measurement station of the DKI Jakarta 
Provincial Environment Agency (DLH). 
Retrieval of data on asthma patient visits with the 
permission of the Jakarta Health Office and the 
Health Department of Jakarta.  
-The selected District health center consisted of 
District Health Center Cakung Subdistrict, East 
Jakarta, District Health Center Kebon Jeruk Sub-
District, West Jakarta, District Health Center 
Kecamatan Kelapa Gading North Jakarta, 
District Health Center Kecamatan Pasar Minggu, 
South Jakarta, and District health center Senen, 
Central Jakarta. The Research Ethics Committee 
of Universitas Padjadjaran (Unpad)  in Bandung 
approved and issued an exemption from research 
ethics under Document number 1219/UN6.KEP 
/EC/2018. 

Jakarta's air pollution data was obtained from 
the rough data processing of the Urban Hybrid 
Models for Air Pollution Exposure Assessment 
(UDARA) research project and the Air Quality 
Laboratory of the Faculty of Environmental 
Engineering (Lab Air Quality TL), Bandung 
Institute of Technology (ITB). Crude data on 
pollutants processed by the UDARA and Lab Air 
Quality TL ITB study came from the pollutant 
measurement station owned by the DKI Jakarta 
Provincial Environment Agency (DLH). 
Pollution data consisting of ozone, PM10, and 
NOx obtained from the Lab Air Quality TL ITB 
is the final data that has been processed and has 
followed the guidelines and guidelines from 
WHO. Ozone levels are a maximum measurement 
for 8 hours of analysis in μg/m3 units. A 24-hour 
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average study of µg/m3 measured PM and NOx 
levels. 

Case and control criteria are needed for 
multivariate analysis of case-crossover designs. In 
the case-crossover study design, cases and 
controls were from the same patient. The case is 
the day of the visit of asthma patients in the event 
of an asthma attack. The first visit in 2017 was a 
case for asthma patients with repeated visits in 
2017. Control is the day when an asthma patient 
is assumed to be healthy because he did not visit 
the health center. Control days are days 7 and 14 
before and after the day of the case or the day of 
the asthma patient's visit. Pollutant exposure is 
determined by the lag of day 1 to lag of day 3, 
namely the level of pollutants on the 3rd day to 
the 1st day before the pollutant measurement 
date. 

 

3 Results and Discussion 
Since the 1990s, the disability-adjusted life year 
(DALY) has been extensively utilized to assess the 
disease burden worldwide and in different regions. 
Since many environmental contaminants pose a 
risk to human health, the disability-adjusted life 
year (DALY) is a recognized indicator for 
estimating the impact of environmental pollution 

on health to disease burden. Regarding 
environmental contaminants that risk human 
health, health effect/risk evaluation is essential for 
converting pollution data into illness data through 
exposure and dose-response analyses, which need 
meticulous model design and parameter 
specification. Pollutants originating from air 
pollution at specific doses can cause certain 
diseases. This disease can cause death and affect 
birth, as included in the DALY calculation. [30] 
Asthma is one of the Chronic respiratory diseases 
with DALY 22 800 (18 100 to 28 300) in 2017. 
[31] 

Economic growth is affected by air 
pollution. Charges are required to manage 
pollution and prevent it from endangering human 
health. When humans become ill due to exposure 
to pollution, they must pay for medical care. 
Medical expenses will have an impact on income 
and purchasing power. [31, 32] The annual cost 
of the health effects of air pollution was estimated 
to be USD 2943.42 million, or 2.2% of the 
GDRP for the Province of Jakarta. [33] 

Table 1 describes ambient air pollution 
data, consisting of 3 pollutants: PM 10, ozone, 
and NOx in Jakarta in 2017. 

 

 
Table 1. Description of Pollutants in 2017 

 

Variable 
Kebon Jeruk Kelapa Gading Jagakarsa Bundaran HI 

PM10 O3 NOx PM10 O3 NOx PM10 O3 NOx PM10 O3 NOx 

Average 45,7 94,1 13,5 56,1 96,3 20,1 52,28 115,1 7,2 49,5 83,2 13,8 

Min 3,2 21,4 < 0,1 14,5 16,2 < 0,1 4,0 35,8 0,8 5,9 12,5 3,6 

Max 122,9 204,5 69,2 119,5 215,2 105,7 111,7 217,1 33,6 109,9 201,4 32,1 

Mode 3,2 21,4 1,7 14,4 16,2 < 0,1 4,0 35,8 0,9 5,9 12,5 3,6 

SD 27,1 41,8 8,7 23,2 29,5 14,3 23,4 40,0 4,3 18,7 38,2 4,5 

 
Note: PM10 and NOx = The average level of measurement within 24 hours, Ozone (O3) = Maximum levels in 8 hours, min = Minimum 

value, max = maximum value, SD = Standard deviation, and IQR = Inter Quartile Range. 

 

 
Table 2. Relationship of Pollutants With Patient Visits Due to Asthma Attacks in DKI Jakarta 

 
Pollutant Lag day OR 95 % CI p-value 

PM10 1 

2 

3 

0,9996 

0,9976 

0,9990 

0,9963 – 1,003 

0,9940 – 1,001 

0,9957 – 1,002 

0,81 

0,17 

0,52 

O3 1 

2 

3 

1,0013 

1,0003 

1,0016 

0,9998 – 1,003 

0,9987 – 1,002 

1,0001 – 1,003 

0,09 

0,72 

0,04* 

NOx  1 

2 

3 

1,0050 

0,9959 

1,0027 

1,0003 – 1,010 

0,9907 – 1,001 

0,9979 – 1,007 

0,04* 

0,12 

0,27 

Table 2 shows a correlation between pollutants and 

asthma patient visits in DKI Jakarta. Correlated 
pollutants are NOx and ozone with p values < 

0.05. Increased levels of NOx can result in 
improved patient visits to the district health center 
due to asthma attacks. A meta-analysis by Khreis 
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et al. (2017) found that an increase in NO2 
content of 4 μg/m3 or an increase in NOx 30 
μg/m3 could be a risk of asthma. [27] 

The correlation between ozone and asthma 
patient visits in DKI Jakarta is attributed to 
elevated ozone levels. The annual average ozone 
concentration in DKI Jakarta exceeds the 
maximum threshold stipulated by the Governor 
of DKI Jakarta Province for ambient air quality 
standards. Ozone, a potent oxidizing agent, poses 
a significant hazard to biological tissues, 
particularly lung tissue. [34] Exposure to high 
ozone levels or continuous ozone exposure can 
trigger asthma attacks. Some studies have found 
that ozone can have acute and chronic effects on 
asthma. Asthma caused by ozone can occur due 
to exposure to negligible levels in a long time or 
high levels in a short time. [35] In this study, there 
was an interval from ozone exposure to asthma 
attacks; this shows the chronic effects of ozone. 

In DKI Jakarta, NOx levels, despite falling 
below the established ambient air quality 
standards, are associated with asthma patient 
visits. The NOx group encompasses NO, NO2, 
and N2O. However, this study did not analyze the 
individual components of NOx. It's worth noting 
that each element within the nitrogen oxide group 
carries varying toxicity levels. Specifically, NO2 
exhibits a toxicity level four times higher than that 
of NO. Therefore, it is possible that even when 
NOx levels are within the acceptable air quality 
standard, they may contain NO2 compounds, 
contributing to the observed asthma-related 
issues. [36,37] Research by Szyszkowicz et al. 
(2018) found that short-term exposure to 
pollutants with low levels or below the ambient 
air quality standard still has a relationship with 
increased visits of respiratory disease patients, 
including asthma. [38] 

In this study, there was no relationship 
between PM10 and asthma patient visits in DKI 
Jakarta. The absence of an association between 
PM10 can be explained by an approach to health 
risk factor analysis consisting of exposure, 
vulnerability, and source of direction. [39] The 
source of exposure in this study is PM10. The 
measured PM10 level is below the ambient air 
quality standard determined by the Government 
of DKI Jakarta. Small amounts of PM10 cannot 
cause inflammation of the respiratory system and 
cause asthma attacks. The potential of PM10 to 
cause health problems depends on the deposition 
of PM10 in the airways, composition, and surface 
components. [40] 

The potential of PM10 to trigger asthma 
attacks is determined by its composition, the 
significance of the components, and the quantity 
of substances within PM10. PM10 is primarily 
composed of carbon, organic compounds, and 
metals. The composition of PM10 varies wildly, 
depending on the source of the pollutant that 

produces PM10, meteorological conditions (such 
as temperature, rainfall, and wind speed), 
industrial activities, and traffic densities in the 
area. [41] The study measured the average 
concentration of PM10 particles over a 24-hour. 
Nevertheless, an analysis of PM10's composition 
was omitted, which hinders the ability to elucidate 
the factors contributing to the absence of a link 
between PM10 and asthma patient visits. It's 
crucial to underscore that the existence of heavy 
metals such as iron and copper in PM10 particles 
has the potential to induce airway inflammation 
and provoke asthma attacks. [42,43] 

The vulnerability of individuals affected by 
health disorders can be influenced by individual 
internal factors such as metabolism, the immune 
system, and others, as well as external factors such 
as economic factors, social factors, socio-
demographic, natural and environmental factors, 
and others. (44) Economic factors, as reflected in 
employment and income, and environmental 
factors, such as details concerning residential 
areas, were not included in the data collection for 
this study. The absence of information regarding 
external factors that might render individuals 
susceptible to asthma attacks presents a challenge. 
The limited availability of patient data is a barrier 
to assessing individual vulnerability to PM10 
exposure. 

Internal factors are risks that originate from 
the human body itself. Internal factors are related 
to the individual's anatomical morphology and 
metabolism. Internal factors in most people with 
asthma are atopic, and their airways, from the 
trachea to the peripheral airways, are inflamed in 
an allergic pattern. Often called Type 2 (T2) 
asthma, allergic inflammation is fueled by CD4+ 
T-helper 2 (Th2) cells, which release IL-4, IL-5, 
and IL-13. Although vascular congestion and 
airway edema from leaky bronchial arteries may 
also be factors, the contraction of airway smooth 
muscle is the primary cause of airway narrowing 
in asthma. The defining physiological abnormality 
of asthma, airway hyperresponsiveness (AHR), is 
caused by inflammation in the airways of 
asthmatic patients. AHR accounts for airway 
narrowing in response to environmental triggers 
and produces the characteristic variable asthma 
symptoms, such as nocturnal worsening. 
Although the exact mechanisms underlying AHR 
are unknown, they most likely have to do with 
increased mediator release from inflammatory 
cells, especially mast cells, increased smooth 
muscle contractility, increased sensitivity of 
airway sensory nerves, and preexisting geometric 
airway narrowing. Asthmatic airways are 
characterized by eosinophilic inflammation. In 
asthma, structural cells of the airways, such as 
fibroblasts, endothelium, epithelial, and smooth 
muscle cells, are significant producers of 
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inflammatory mediators such as cytokines and 
lipid mediators. [45] 

External factors come from outside the 
human body. Allergens can come from the 
environment where humans live. Allergens enter 
the respiratory system and make inflammatory 
airways. Exposure to allergens found inside the 
home, such as cockroaches, mice, fungus, dust 
mites, and pets (particularly cats and dogs). 
Compared to childhood-onset asthma, there is 
less evidence linking traffic-related air pollution 
to adult-onset asthma. Occupational contact with 
grains, dust, or other allergens has been 
detrimental to asthma. Asthma is currently the 
most common respiratory illness associated with 
the workplace, and precautions have been taken 
for some occupational exposures shown during 
the past 40 years. Recent research has examined 
the impact of lifestyle and nutrition. [46] 

Exposure to PM10 plays a significant role in 
the occurrence of asthma attacks in individuals. A 
study by Nurmala and Suhartono 2018 revealed 
that Suspended Particulate Matter (SPM) levels 
ranging from 1-100 microns showed no 
association or correlation with asthma attacks. 
The lack of this connection can be attributed to 
the limited sources of exposure, brief exposure 
periods, and the relatively large size of SPM 
particles, which hinder their penetration into the 
deeper regions of the respiratory tract. [44] 
Asthma attacks are not caused by exposure to 
PM10 levels lower than the established ambient 
air quality standards. 

Another respiratory disease correlated with 
pollution is COPD. Respiratory risk has been 
linked to brief exposure to key air pollutants, 
including O3, CO, NO2, SO2, PM10, and 
PM2.5. There is currently little information 
available on the likelihood of exacerbations of 
chronic obstructive pulmonary disease (COPD). 
The current study aimed to assess the 
relationships between the risk of COPD 
exacerbations and brief exposure to major air 
contaminants. There were 59 studies in total. 
Except for CO (100 μg/m3), the risks of COPD 
were computed for every 10 μg/m3 increase in 
pollutant concentrations in the single-pollutant 
model. For both gaseous and particle 
contaminants, a significant correlation was found 
between short-term exposure and the probability 
of COPD exacerbation. The largest correlations 
were seen at lag0 and lag3 for gaseous and particle 
air pollution, respectively. In addition to 
providing additional evidence of the overall 
negative effects, the subgroup analysis decreased 
the heterogeneities. PAFs varied from 0.60% to 
4.31% depending on the pollutants when 100% 
exposure was assumed. In low- and middle-
income nations compared to high-income 
nations, the detrimental health impacts of SO2 
and NO2 exposure were more pronounced: SO2, 

relative risk: 1.012 (95% confidence interval: 
1.001, 1.023); NO2, relative risk: 1.019 (95% 
confidence interval: 1.014, 1.024). [47] 

Exposure to delicate particulate matter (PM) 
particles smaller than 2.5 microns poses a higher 
risk of triggering asthma attacks compared to 
PM10. It is advisable to conduct further research 
to investigate the correlation between PM2.5 
levels and asthma patient visits. This difference in 
risk can be attributed to the smaller size of PM2.5 
particles, their larger surface area, their capacity 
to act as more substantial allergens, their 
increased atmospheric stability, and their more 
significant potential to induce inflammation in 
the respiratory system. [11, 48] 

For the next research, we need to know 
about the composition of PM2.5. PM2.5 may 
contain an ion, heavy metal, or organic allergen; 
if we know the composition, we can forecast the 
interaction between PM2.5 and cells in the 
human body, especially the respiratory system 
cells. [48] 

 

Conclusions 
This study shows a relationship between ozone 
and NOx exposure to asthma patient visits in DKI 
Jakarta. Asthma attacks are expected three days 
after ozone exposure and one day after NOx 
exposure. PM10 pollutants in this study did not 
correlate with asthma patient visits. 
 

 
The authors are grateful to the National Research and 

Innovation Agency (BRIN), Universitas Padjadjaran (Unpad), 

and thanks to Indah Kusmartini from the Research Center for 

Radiation Detection and Nuclear Analysis Technology – 

BRIN. 

 

 

References 
1. Landrigan PJ. Air pollution and health. Lancet 

Public Heal. 2017;2(1):e4–5.  

2. Forouzanfar MH, Afshin A, Alexander LT, 

Biryukov S, Brauer M, Cercy K, et al. Global, 

regional, and national comparative risk assessment 

of 79 behavioural, environmental and 

occupational, and metabolic risks or clusters of 

risks, 1990–2015: a systematic analysis for the 

Global Burden of Disease Study 2015. Lancet. 

2016;388(10053):1659–724.  

3. Prùss-Ustùn A., Wolf J., Corvalàn C., Bos R. NM. 

Preventing disease through healthy environments: 

a global assessment of the burden of disease from 

environmental risks. World Health Organization. 

Geneva; 2016.  

4. Organization for Economic Co-operation and 

Development. The Economic Consequences Of 

Air Pollution. Paris; 2016. p. 1–20.  

5. Cohen AJ, Brauer M, Burnett R, Anderson HR, 

Frostad J, Estep K, et al. Estimates and 25-year 

trends of the global burden of disease attributable 

 
    

 
E3S Web of Conferences 495, 03007 (2024) https://doi.org/10.1051/e3sconf/202449503007

ICYES 2023

5



to ambient air pollution: an analysis of data from 

the Global Burden of Diseases Study 2015. Lancet. 

2017;389(10082):1907–18.  

6. Wang H, Naghavi M, Allen C, Barber RM, Carter 

A, Casey DC, et al. Global, regional, and national 

life expectancy, all-cause mortality, and cause-

specific mortality for 249 causes of death, 1980–

2015: a systematic analysis for the Global Burden 

of Disease Study 2015. Lancet. 

2016;388(10053):1459–544.  

7. Devleesschauwer, B., Havelaar, A. H., Maertens 

De Noordhout, C., Haagsma, J. A., Praet, N., 

Dorny, P., Duchateau, L., Torgerson, P. R., van 

Oyen, H., & Speybroeck, N. (2014). DALY 

calculation in practice: A stepwise approach. 

International Journal of Public Health, 59(3), 571–

574. https://doi.org/10.1007/s00038-014-0553-y. 

8. Devleesschauwer, B., Havelaar, A. H., Maertens 

De Noordhout, C., Haagsma, J. A., Praet, N., 

Dorny, P., Duchateau, L., Torgerson, P. R., van 

Oyen, H., & Speybroeck, N. (2014). Calculating 

disability-adjusted life years to quantify burden of 

disease. International Journal of Public Health, 

59(3), 565–569. https://doi.org/10.1007/s00038-

014-0552-z 

9. Kampa M, Castanas E. Health effects of air 

pollution. Environ Pollut. 2008;151:362–7.  

10. Ding L, Zhu D, Peng D, Zhao Y. Air pollution and 

asthma attacks in children: A case-crossover 

analysis in the city of Chongqing, China. Environ 

Pollut. 2017;220:348–53.  

11. Kementrian Kesehatan RI. Infodatin-Asma. 

Jakarta: Kementrian Kesehatan Republik 

Indonesia; 2015.  

12. Bowatte G, Lodge C, Lowe AJ, Erbas B, Perret J, 

Abramson MJ, et al. The influence of childhood 

traffic-related air pollution exposure on asthma, 

allergy, and sensitization: a systematic review and 

a meta-analysis of birth cohort studies. Allergy. 

2015;70(3):245–56.  

13. Bowatte G, Lodge CJ, Lowe AJ, Erbas B, 

Dennekamp M, Marks GB, et al. Do variants in 

GSTs modify the association between traffic air 

pollution and asthma in adolescence? Int J Mol Sci. 

2016;17(4):1–13.  

14. Cai J, Zhao A, Zhao J, Chen R, Wang W, Ha S, et 

al. Acute effects of air pollution on asthma 

hospitalization in Shanghai, China. Environ Pollut. 

2014;191:139–44.  

15. GINA. Asthma GINA 2017. Global Initiative For 

Asthma; 2018.  

16. World Health Organization (WHO). World Health 

Statistics 2017 : Monitoring Health for the SDGs. 

World Health Organization. France: World Health 

Organization (WHO); 2017.  

17. Burbank AJ, Sood AK, Kesic MJ, Peden DB, 

Hernandez ML. Environmental determinants of 

allergy and asthma in early life. Vol. 140, Journal 

of Allergy and Clinical Immunology. Elsevier Inc.; 

2017. p. 1–12.  

18. World Health Organization (WHO). WHO Air 

quality guidelines for particulate matter, ozone, 

nitrogen dioxide, and sulfur dioxide. Geneva; 

2005.  

19. Susanto AD, Purwitasari M, Antariksa B, 

Soemarwoto RAS. Dampak Polusi Udara terhadap 

Asma. JK Unila. 2018;2(2):162–73.  

20. Kusmartini I, Atmojo DPD, Kurniawati S, 

Damastuti E, Lestiani DD. Estimasi ketidakpastian 

konsentrasi pm 2,5 dan pm 10 dalam cuplikan 

partikulat udara ambien. Pros Semin Nas Sains dan 

Teknol Nukl 2015. 2015;  

21. Atkinson RW, Butland BK, Dimitroulopoulou C, 

Heal MR, Stedman JR, Carslaw N, et al. Long-

term exposure to ambient ozone and mortality: A 

quantitative systematic review and meta-analysis 

of evidence from cohort studies. BMJ Open. 

2016;6(2):1–10.  

22. Goldizen FC, Sly PD, Knibbs LD. Respiratory 

effects of air pollution on children. Pediatr 

Pulmonol. 2016;51(1):94–108.  

23. Brewer M, Tolbert R, Denney JT, Osiecki KM, Mo 

B, Lopez K. Does neighborhood social and 

environmental context impact race / ethnic 

disparities in childhood asthma ? Health Place. 

2017;44(February):86–93.  

24. Soemirat J. Kesehatan lingkungan. Yogyakarta: 

Gadjah Mada University Press; 2014.  

25. Zhang Q, Qiu Z, Chung KF, Huang SK. The link 

between environmental air pollution and allergic 

Asthma: East meets West. Vol. 7, Journal of 

Thoracic Disease. 2015. p. 14–22.  

26. Jacquemin B, Siroux V, Sanchez M, Carsin AE, 

SchikowskiT, Adam M, et al. Ambient water 

pollution and adult asthma incidence in six 

European cohorts (Escape). Environ Health 

Perspect. 2015; 123 (6): 613–21. 

27. Kusumaningtyas, S. D. A., Aldrian, E., Wati, T., 

Atmoko, D., & Sunaryo. (2018). The recent state 

of ambient air quality in Jakarta. Aerosol and Air 

Quality Research, 18(9), 2343–2354. 

https://doi.org/10.4209/aaqr.2017.10.0391 

28. Kusumowardani, D. (2023). Polusi Udara Jakarta 

Terperangkap di Antara Gedung-Gedung Tinggi. 

Jurnal Ismetek, 16(2), 13–18. 

29. Gao, T., Wang, X. C., Chen, R., Ngo, H. H., & 

Guo, W. (2015). Disability adjusted life year 

(DALY): A useful tool for quantitative assessment 

of environmental pollution. Science of the Total 

Environment, 511, 268–287. 

https://doi.org/10.1016/j.scitotenv.2014.11.048. 

30. Kyu, H. H., Abate, D., Abate, K. H., Abay, S. M., 

Abbafati, C., Abbasi, N., Abbastabar, H., Abd-

Allah, F., Abdela, J., Abdelalim, A., 

Abdollahpour, I., Abdulkader, R. S., Abebe, M., 

Abebe, Z., Abil, O. Z., Aboyans, V., Abrham, A. 

R., Abu-Raddad, L. J., Abu-Rmeileh, N. M. E., … 

Murray, C. J. L. (2018). Global, regional, and 

national disability-adjusted life-years (DALYs) for 

359 diseases and injuries and healthy life 

expectancy (HALE) for 195 countries and 

territories, 1990–2017: a systematic analysis for 

the Global Burden of Disease Study 2017. The 

 
    

 
E3S Web of Conferences 495, 03007 (2024) https://doi.org/10.1051/e3sconf/202449503007

ICYES 2023

6



Lancet, 392(10159), 1859–1922. 

https://doi.org/10.1016/S0140-6736(18)32335-3 

31. Ali, S. H., & Puppim De Oliveira, J. A. (2018). 

Pollution and economic development: An 

empirical research review. Environmental 

Research Letters, 13(12). 

https://doi.org/10.1088/1748-9326/aaeea7. 

32. Boulanger, G., Bayeux, T., Mandin, C., Kirchner, 

S., Vergriette, B., Pernelet-Joly, V., & Kopp, P. 

(2017). Socio-economic costs of indoor air 

pollution: A tentative estimation for some 

pollutants of health interest in France. 

Environment International, 104, 14–24. 

https://doi.org/10.1016/j.envint.2017.03.025 

33. Syuhada, G., Akbar, A., Hardiawan, D., Pun, V., 

Darmawan, A., Heryati, S. H. A., Siregar, A. Y. 

M., Kusuma, R. R., Driejana, R., Ingole, V., Kass, 

D., & Mehta, S. (2023). Impacts of Air Pollution 

on Health and Cost of Illness in Jakarta, Indonesia. 

International Journal of Environmental Research 

and Public Health, 20(4). 

https://doi.org/10.3390/ijerph20042916. 

34. Hasunuma H, Sato T, Iwata T, Kohno Y, Nitta H, 

Odajima H, et al. Association between traffic-

related air pollution and asthma in preschool 

children in a national Japanese nested case-control 

study. BMJ Open. 2016; 6 (2): 1–11. 

35. Khreis H, Kelly C, Tate J, Parslow R, Lucas K, 

Nieuwenhuijsen M. Exposure to traffic-related air 

pollution and risk of development of childhood 

asthma: A systematic review and meta-analysis. 

Vol. 100, Environment International. Elsevier Ltd; 

2017. p. 1–31. 

36. Coupe J, DeJesus V, Fagan JM. The Effects of 

Ground-Level Ozone on Children with Asthma. 

2016 

37. Sousa SIV, Alvim-Ferraz MCM, Martins FG. 

Health effects of ozone focusing on childhood 

asthma: What is now known - a review from an 

epidemiological point of view. Chemosphere. 

2013; 90 (7): 2051–8. 

38. Boningari T, Smirniotis PG. Impact of nitrogen 

oxides on the environment and human health: Mn-

based materials for the NOx abatement. Curr Opin 

Chem Eng. 2016; 13 (x): 133–41. 

39. Darmayasa IGO. Impact of NOx on the 

Environment. J Ilm Curve Tech. 2013; (X): 98-

107. 

40. Szyszkowicz M, Kousha T, Castner J, Dales R. Air 

pollution and emergency department visits for 

respiratory diseases: A multi-city case-crossover 

study. Environmental Res. 2018; 163 (November 

2017): 263-9. 

41. O'Lenick CR, Wilhelmi O V, Michael R, Hayden 

MH, Baniassadi A, Wiedinmyer C, et al. Urban 

heat and air pollution: A framework for integrating 

population vulnerability and indoor exposure in 

health risk analyzes. Sci Total Environ. 2019; 660: 

715-23. 

42. Stanek LW, Brown JS, Stanek J, Gift J, Costa DL. 

Air pollution toxicology-a brief review of the role 

of science in shaping the current understanding of 

air pollution health risks. Toxicol Sci. 2011; 120 

(SUPPL.1): 8-27. 

43. Huang SK, Zhang Q, Qiu Z, Chung KF. 

Mechanistic impact of outdoor air pollution on 

asthma and allergic diseases. Vol. 7, Journal of 

Thoracic Disease. 2015. p. 23–33. 

44. Falcon-Rodriguez CI, Osornio-Vargas AR, Sada-

Ovalle I, Segura-Medina P. Aeroparticles, 

composition, and lung diseases. The Immunol 

Front. 2016; 7 (JAN): 1–9. 

45. Barnes, P. J. (2017). Cellular and molecular 

mechanisms of asthma and COPD. Clinical 

Science, 131(13), 1541–1558. 

https://doi.org/10.1042/CS20160487 

46. le Moual, N., Jacquemin, B., Varraso, R., Dumas, 

O., Kauffmann, F., & Nadif, R. (2013). 

Environment and asthma in adults. In Presse 

Medicale (Vol. 42, Issue 9 PART2). Elsevier 

Masson SAS. 

https://doi.org/10.1016/j.lpm.2013.06.010 

47. Gehring U, Beelen R, Eeftens M, Hoek G, de 

Hoogh K, de Jongste JC, et al. Particulate Matter 

Composition and Respiratory Health. 

Epidemiology. 2015; 26 (3): 300-9. 

48. Nurmala E, Suhartono B. Relationship of Ambien 

Suspended Particulate Matter (SPM) 

Concentration and Weather Conditions with the 

Asthma Incidence Rate in West Semarang District 

in 2015-2017. J Public Health. 2018; 6 (6): 110–8. 

 

 

 

 
    

 
E3S Web of Conferences 495, 03007 (2024) https://doi.org/10.1051/e3sconf/202449503007

ICYES 2023

7


