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Abstract  

Background: Pneumonia is an acute inflammation of the lung parenchyma with a prevalence of 
2% in Indonesia. Risk factors for community-acquired pneumonia (CAP) include host factors, 
pathogens, and environmental factors such as air pollution. According to various international 
studies, several air pollution parameters have been linked to CAP, including particulate matter 
(PM), particularly PM10 and PM2.5, sulphur dioxide (SO2), carbon monoxide (CO), ozone (O3), and 
nitrogen dioxide (NO2). This study aimed to assess the relationship between air pollutant levels 
and CAP hospitalization rates at Persahabatan Hospital in 2023. 

Methods: This retrospective cohort study was conducted at Persahabatan Hospital, involving all 
adult patients diagnosed with CAP who were hospitalized during 2023. Subjects were selected 
based on inclusion and exclusion criteria. Air pollutant data were obtained from the official website 
of the Department of Environment, DKI Jakarta. Statistical analysis included Pearson or Spearman 
correlation tests, followed by multiple linear regression. 

Results: A total of 729 subjects met the inclusion criteria. Most patients were over 56 years old 
(61.3%), had more than one comorbidity (73%), had a high pneumonia severity index (PSI) score 
between 91 and 130 (46.1%), and were unemployed (55.3%). The highest number of CAP 
hospitalizations occurred in October (88 patients, 12%), coinciding with the highest recorded PM2.5 
level (API=125, unhealthy category) and O3 level (API=28.4, good category) a month before in 
September. Statistical analysis showed a significant relationship between PM2.5 levels 7 days prior 
to admission (b=0.732; P<0.001), alongside a negative relation from the mean of O3 level during 
the admission month (b= -1.601; P=0.009) with the number of CAP hospitalizations. 

Conclusion: Average PM2.5 levels measured 7 days prior to hospitalization have a significant 
positive association with the number of CAP admissions, alongside a negative relation of average 
O₃ levels during the month of hospitalization, at Persahabatan Hospital in 2023. 
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INTRODUCTION 
 

Pneumonia is an acute inflammation of the 

pulmonary parenchyma caused by various 

microorganisms such as bacteria, viruses, fungi, and 

parasites. The prevalence of pneumonia in Indonesia 

is around 2%, and it is more common in the age 

group over 55 years. The symptoms are usually non-

specific, including cough, changes in sputum 

characteristics, fever, chest pain, and shortness of 

breath. Age, smoking habits, nutritional status, and 

comorbidities of the host are several factors that 

affect the risk of pneumonia. In addition, 

environmental factors such as air pollution, humidity, 

seasonal changes, and others can also increase the 

risk of pneumonia.1,2 

According to the World Health Organization 

(WHO), globally, air pollution causes about 7 million 

deaths per year due to ischemic heart disease, stroke, 

chronic obstructive pulmonary disease (COPD), lung 

cancer, and acute respiratory tract infections (ARI), 

including pneumonia. WHO global air quality 

guidelines stated that the assessment of the risk 

caused by air pollution would be based on the 

assessment of each individual's personal exposure, 

which requires pollution measurements in each 

microenvironment and the amount of time spent there, 

which is not possible in the meantime.1–6  

Therefore, some studies used the daily 

concentrations captured by single monitors to assess 
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the acute effects of air pollution, such as mortality and 

hospital admissions. Several studies have shown that 

air pollutants such as particulate matter (PM), nitrogen 

dioxide (NO2), and nitrogen oxides (NOx) might 

increase the risk of pneumonia, especially in smokers. 

A study by Wang et al in the UK stated that long-term 

exposure to even low levels of air pollution can 

increase the risk of pneumonia.1–6 

Jakarta is one of the cities with the highest air 

pollution levels in Indonesia and was ranked 5th 

globally in 2020 according to the World Air Quality 

Report based on data from IQAir. In 2022, Jakarta 

was ranked first with the highest PM2.5 levels (36.2 

μg/m3) in the Association of Southeast Asian Nations 

(ASEAN) for 5 consecutive years from 2018 to 2022. 

Based on the two-dimensional map, the highest 

PM2.5 concentrations were found in West Jakarta and 

South Jakarta, followed by East Jakarta, Central 

Jakarta, and the lowest in North Jakarta.7  

Several local studies in Indonesia show that air 

pollution is associated with various lung health 

problems, such as decreased lung function, asthma, 

COPD, and lung cancer.8 When viewed from the 

number of pneumonia visits in adult patients at the 

Persahabatan Hospital during the coronavirus 

disease (COVID-19) pandemic, decreased by up to 

59% compared to 2019. But, the number of visits 

increased again in 2023, reaching 613 outpatient 

visits and 1606 inpatient visits.9,10  

Until now, no studies have linked air pollution 

exposure with the number of pneumonia visits in 

adult patients in Indonesia. A study by Habibi et al 

showed a correlation between exposure to air 

pollution and the number of COPD exacerbations, 

although the correlation was not statistically 

significant. Another study by Andari et al found that 

there was a relationship between the PM10 in the air 

pollutant standards index (API) value and the number 

of asthma exacerbation visits at the emergency 

department in Persahabatan Hospital.9,10 

Multiple international studies also mentioned 

that several air pollution parameters are linked to 

increased risk of patient hospitalization and mortality 

due to pneumonia in adults. A study by Zhang et al 

in China observed a significant relationship between 

short-term exposure to PM2.5, PM10, NO2, and SO2 

and hospital visits for pneumonia. A pooled cohort 

study in Europe by Liu et al, ELAPSE (Effects of Low-

Level Air Pollution: A Study in Europe), showed that 

long-term exposure to low levels of NO2 and black 

carbon (BC) may increase the risk of mortality from 

pneumonia and related infectious diseases in 

adults.11,12  

Based on these particular findings, this study 

was conducted to find the relationship between these 

air pollutant levels (PM2.5, PM10, NO2, SO2, CO, and 

O3), including which pollutants are most relevant to 

the number of community-acquired pneumonia (CAP) 

hospitalizations in Hospital Persahabatan, Jakarta. 

 

METHODS 
 

This retrospective cohort study was conducted 

at Persahabatan Hospital Jakarta in October 2024 

and continued until completion. Ethical approval was 

obtained from the Health Research Ethics 

Committee of Persahabatan National Respiratory 

Center Hospital (Approval No. 0233/KEPK-

RSUPP/10/2024).  

The sample consisted of an accessible 

population that met the inclusion criteria of the study, 

such as adult patients aged over 18 years; patients 

residing in East Jakarta and living within 20 km of the 

air quality monitoring station (AQMS) 4 DKI Lubang 

Buaya, East Jakarta; and patients diagnosed with 

community-acquired pneumonia (CAP) based on the 

pneumonia severity index (PSI). Patients with 

prolonged bed rest and comorbid infections in other 

organs (e.g., decubitus ulcers, diabetic ulcers, 

urinary tract infections, etc.); and patients with other 

pulmonary infections (e.g., pulmonary tuberculosis, 

pulmonary mycosis, COVID-19, etc.) were excluded 

from the study.  

The patients who met the criteria and were 

admitted to the inpatient wards of Persahabatan 

Hospital from January 2023 to December 2023 will 

be samples of the study, with the sampling method 

being a total sampling method. Patient data will be 

linked to air pollutant levels based on API, followed 

by univariate analysis and linear regression. 
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Air pollutant levels were presented as the 

average over 7 days, 3 days before, and on the day 

of the patient’s hospital visit, diagnosed as CAP. 

Monthly average pollutant levels were also 

calculated. Numerical data included age and air 

pollutant levels. If normally distributed numerical data 

were presented as mean±standard deviation, while 

data distribution was not normally shown as median 

(minimum-maximum values). Categorical data, such 

as demographic characteristics, were presented as 

percentages. 

Pearson or Spearman correlation tests were 

used to analyze the relationship between air pollutant 

levels and the incidence of CAP. Subsequently, 

bivariate analysis was conducted on each 

demographic characteristic variable to identify those 

with a potential influence (P<0.05), followed by linear 

regression analysis using the stepwise method. In 

this analysis, P<0.05 was considered statistically 

significant. All statistical analyses were performed 

using SPSS software version 30. 

 

RESULTS 
 

Based on the medical records, there were 

1606 inpatients diagnosed with pneumonia 

according to the International Statistical 

Classification of Diseases and Related Health 

Problems, 10th Revision (ICD-10). After applying 

several exclusion criteria, 729 patients were found to 

meet the inclusion criteria for this study (Figure 1). 

 

 
Figure 1. Study Diagram 

Table 1. Demographic Characteristics of CAP patients (n=729) 

Characteristics n % 

Age   

≤56 years old 282 38.7 

>56 years old 447 61.3 

Gender   

Male 402 55.1 

Female 327 44.9 

Employment   

Unemployed 403 55.3 

Indoors 189 25.9 

Outdoors 137 18.8 

Body Mass Index   

Very underweight 86 11.8 

Underweight 58 8.0 

Normal 396 54.2 

Overweight 69 9.5 

Obese 120 16.5 

Comorbidities   

None 23 3.1 

1 comorbidity 174 23.9 

>1 comorbidities 532 73 

Smoker   

Non-smoker 393 53.9 

Ex-smoker 104 14.3 

Active smoker 232 31.8 

Brinkman Index   

Light smoker 16 6.9 

Mild smoker 72 31.0 

Heavy smoker 144 62.1 

Distance from AQMS   

0.0–10 km 387 53.1 

10–20 km 342 46.9 

Season   

Rainy season 378 51.9 

Dry season 351 48.1 

CAP severity   

PSI ≤70 110 15.1 

PSI 71–90 160 21.9 

PSI 91–130 336 46.1 

PSI >130 123 16.9 

Note: AQMS=Air Quality Monitoring Station; CAP=community-
acquired pneumonia; PSI=Pneumonia Severity Index  

 

Demographic characteristics of this study are 

presented in Table 1. The data showed the majority 

of the subjects were over 56 years old (61.3%). The 

median age of the subjects was 60 years old, with the 

youngest being 19 years old and the oldest 94 years 

old. Based on gender, male subjects were slightly 

dominant (55.1%). In terms of body mass index (BMI), 

most of the subjects had a normal BMI category 

(18.5–25 kg/m2), with 54.2%. The median of BMI was 

22.2 kg/m2, with the lowest BMI at 11.7 kg/m2 and the 

highest BMI at 68.5 kg/m2. Most of the subjects were 
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unemployed, with 55.3%. 

Most of the subjects had more than one 

comorbidity (73%) and were predominantly non-

smokers (53.9%). Among those who were active 

smokers, most were classified as heavy smokers 

(Brinkman Index ≥600 cigarettes/year) at 61.8%.  

Based on the PSI score, the subjects were more 

common in the range of 91–130, found 46.1%.  

 Additionally, the median distance between the 

patients’ residences and the AQMS DKI 4 Lubang 

Buaya, East Jakarta, was 9.82 km, with the closest 

distance being 700 meters and the farthest 19.9 km. 

Most of the subjects lived less than10 km from AQMS, 

at 53.1%. The number of patients during the rainy 

season was slightly higher at 51.9%, compared to the 

dry season. 

Based on data from the Department of 

Environment, DKI Jakarta, air pollutant levels in East 

Jakarta in 2023 were included in the medium (51–

100) and unhealthy (101–200) API categories. The 

worst air pollutant levels at AQMS DKI 4 Lubang 

Buaya occurred in September, which even reached 

very unhealthy levels (201–300), and in October, with 

the average levels of air pollutants throughout the 

month in the unhealthy category (101–200). 

 In addition, it was found that the highest 

average pollutant level of PM2.5 occurred in 

September and the highest level of PM10 pollutant in 

October. However, it should be noted that from the 

end of March to early September 2023, the PM10 

pollutant measuring device was damaged, so there 

were some missing data on PM10 air pollutant levels 

in that period. The highest levels of air pollutants SO2, 

CO, O3, and NO2 occurred in January, May, 

September, and November, respectively (Figure 2). 

Daily air pollutant levels are also shown in Figure 3. 

 

 
Figure 2. East Jakarta API Profile each Month and Number of 

CAP Patients Hospitalization at Persahabatan Hospital in 2023  
 

The association between air pollutant levels 

and the number of CAP hospitalizations was carried 

out by conducting a Pearson or Spearman 

correlation test according to the data distribution. The 

average/median level of each air pollutant per month 

was associated with the number of CAP patients 

hospitalized in that month. In addition, a correlation 

test was conducted between average or median 

levels of air pollutants on the day of admission, 3 

days before admission, and 7 days before admission, 

with the number of CAP patients. Several studies 

reported various results of air pollutant exposure lag 

time from day 0 to 7 days before admission. 

 

 
Figure 3. East Jakarta API Profile each Day and Number of CAP Patients Hospitalization at Persahabatan Hospital in 2023  
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Table 2. Average/Median and Correlation of Air Pollutant Levels with CAP Hospitalization Rates 

Air Pollutants Mean±SD or Median (Min-Max) Correlation (r) P 
PM10    

PM10 on the day of admission 58.99±16.89 0.626 0.097 

PM10 3 days before admission 61.43±16.42 0.704 0.051 

PM10 7 days before admission 60.73±17.16 0.725 0.042 

PM10 during the month of admission 60.46±16.95 0.604 0.113 

PM2.5    

PM2.5 on the day of admission 85.93±22.67 0.372 0.234 

PM2.5 3 days before admission 88.70±22.33 0.424 0.169 

PM2.5 7 days before admission 87.47±25.61 0.498 0.100 

PM2.5 during the month of admission 87.56±24.19 0.335 0.286 

SO2    

SO2 on the day of admission 30.19 (26.54-53.51) -0.084 0.795 

SO2 3 days before admission 30.03 (27.52-53.39) -0.235 0.462 

SO2 7 days before admission 30.07 (27.52-53.09) -0.333 0.290 

SO2 during the month of admission 31.61 (23.12-53.48) -0.084 0.795 

CO    

CO on the day of admission 15.64±6.49 0.238 0.457 

CO 3 days before admission 15.66±5.96 0.192 0.550 

CO 7 days before admission 15.89±6.20 0.150 0.642 

CO during the month of admission 15.51±6.27 0.249 0.435 

O3    

O3 on the day of admission 18.29±6.49 0.225 0.482 

O3 3 days before admission 18.91±6.48 0.251 0.431 

O3 7 days before admission 18.45±6.68 0.253 0.428 

O3 during the month of admission 18.76±6.44 0.204 0.525 

NO2    

NO2 on the day of admission 15.74±3.95 0.297 0.349 

NO2 3 days before admission 15.42±3.90 0.367 0.241 

NO2 7 days before admission 15.68±4.02 0.321 0.308 

NO2 during the month of admission 15.59±3.81 0.395 0.204 

 
 In this study, lag times of air pollutant 

exposure were chosen from the shortest period (day 

0), the longest (day 7), and the median (day 3). From 

the results of the correlation test of average air 

pollutant levels per month, there were 3 air pollutant 

levels that showed a positive moderate correlation 

with the number of CAP patient hospitalizations but 

were not statistically significant. These pollutants 

include PM10 (r=0.604; P=0.113), PM2.5 (r=0.335; 

P=0.286) and NO2 (r=0.395; P=0.204).  

Moderate and weak positive correlations that 

were not statistically significant were also obtained 

from the analysis of the average PM10 and PM2.5 

levels on the day of admission, with correlation 

values of 0.626 (P=0.097) and 0.372 (P=0.234), 

respectively. Air pollutant levels 3 days prior to 

admission were found to have a strong correlation in 

PM10 levels (r=0.704; P=0.051) and weak 

correlations in both PM2.5 levels (r=0.424; P=0.169) 

and NO2 levels (r=0.367; P=0.241). However, these 

three correlations were also not statistically 

significant.  

Statistically significant strong correlation 

values were obtained at 7 days prior to admission in 

PM10 levels (r=0.725; P=0.042). However, it should 

be noted that there were missing data on PM10 levels 

from May to August, so the value of the correlation 

was doubtful. In addition, weak correlation values 

that were also not statistically significant were 

obtained at 7 days before admission for PM2.5 levels 

(r=0.498; P=0.100) and NO2 levels (r=0.321; 

P=0.308). Negative correlation values were obtained 

at SO2 levels 7 days before admission but were not 

significant statistically (r= -0.333; P=0.290). The 

complete correlation test results are shown in Table 

2. 

The results of multiple linear regression 

analysis using the stepwise method showed that 
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PM2.5 levels at 7 days before admission had a 

significant positive effect (b=0.732; P<0.001) on the 

number of CAP hospitalizations. This effect was 

simultaneous with the average O3 level in the month 

of admission, which had a significant negative effect 

(b=-1.601; P=0.009). This regression model showed 

that the combination of PM2.5 levels at 7 days prior to 

admission and average O3 levels in the month of 

admission was able to explain 93.3% of the variation 

in the number of hospitalization visits in CAP patients 

(R2=0.933; Adjusted R2=0.906), with a standard error 

of 3.735 (Table 3). 

 
Table 3. Multiple Linear Regression Analysis of Air Pollutant 

Levels 

Variable b (SE) P 

Constant 28.901 (5.004) --- 

PM2.5 7 days before admission 0.732 (0.098) <0.001 

O3 month of admission -1.601 (0.390) 0.009 

Note: R2=0.933; Adjusted R2=0.906 

 

DISCUSSION 
 
Based on data from Statistics Indonesia 

Jakarta, the ratio of East Jakarta's male and female 

population in 2023 was almost comparable, with 

about 1,545,822 males (50.19%) and 1,533,796 

females (49.81%).13 The subjects in this study were 

dominated by males (55.1%). These results are 

almost identical to a study conducted by Wu et al, 

which stated that more male patients were 

hospitalized for pneumonia (60%) in Beijing, China.14 

A study by Silveyra et al stated that men had a higher 

risk of pneumonia due to exposure to air pollution 

(PM2.5, PM10, and NO2), especially in smokers.15 

In this study, the age group was divided based 

on the retirement age of the Indonesian population, 

which is between 56 and 57 years, in accordance 

with Government Regulations No. 45 of 2015 

concerning the Implementation of the Pension 

Security Program.16 Most of the subjects of this study 

were >56 years old (61.3%) with a median age of 60 

years in the age range of 19–94 years. This is in line 

with several previous studies by Wu et al, Chu et al, 

and Kim et al, which found that elderly patients (≥65 

years) were associated with an increased risk of 

pneumonia admission due to exposure to PM2.5 and 

PM10 compared to younger age groups.14,17-18 A 

meta-analysis conducted by Kim et al found that 

patients aged ≥65 years had a 1.026 times higher risk 

of hospital admission for pneumonia with an increase 

in PM2.5 levels of 10 μg/m3 and a 1.016 times 

increased risk with each 10 μg/m3 increase in 

PM10.18 

Most subjects in this study had a normal BMI 

(54.2%) with a median BMI of 22.2 kg/m2, the lowest 

BMI of 11.7 kg/m2, and the highest reached 68.5 

kg/m2. This value resembles the results of a study by 

Chu et al, which observed that patients with 

pneumonia due to PM2.5 exposure had an average 

BMI of 23.19 kg/m2.17 Different results were seen in 

the study by Kaspersen et al, who found that obesity 

in women had a positive relationship with respiratory 

tract infections, including pneumonia.5 

Patients with more than one comorbidity also 

dominated this study, accounting for 73% of all 

subjects. In this study, the most common 

comorbidities found included heart disease (320 

patients), hypertension (245 patients), and type 2 

diabetes mellitus (245 patients). Croft et al pointed 

out that an increase in PM2.5 levels 1–7 days before 

admission was associated with an increase in the 

number of inpatient visits due to heart disease and 

ischemic stroke.19 A similar meta-analysis by Kim et 

al found that an increase in PM2.5 levels of 10 μg/m3 

was associated with an increased risk of admission 

due to respiratory tract infections and other 

cardiorespiratory diseases by up to 0.92% in the 

elderly ≥65 years.18 

Most of the patients in this study were non-

smokers (53.9%). However, of the 232 patients who 

were active smokers, the majority were heavy 

smokers, as many as 144 patients (61.2%). A 

previous study by Wang et al explained that 

exposure to air pollution in smokers was associated 

with a higher risk for pneumonia hospitalization rates 

than in those who were non-smokers. However, it 

wasn’t clear whether there was a difference in risk 

between active smokers and ex-smokers.3,4 Other 

studies have found that active smokers and passive 

smokers increase the risk of community pneumonia.5 

The subjects of this study were dominated by 

patients who were unemployed (55.3%). This may be 
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related to the age of the patients, who were mostly 

elderly (>56 years old) and had many comorbidities 

that made it difficult to do activities outside the house.  

A study by Croft et al found an increase in 

visits to the emergency room due to negative culture 

pneumonia by 1–2% related to an increase in PM2.5 

concentration in the previous 1–7 days. In the next 

study, Croft et al stated that increased PM2.5 

concentrations were associated with an increase in 

air pollutant sources such as motor vehicle emissions 

and diesel emissions in the previous 0–3 days.19  

Another study conducted by Scibor et al 

revealed that there was a strong and significant 

correlation between increased PM10 concentrations 

(R=0.78) and PM2.5 (R=0.82) outdoors and indoors. 

The study mentioned that indoor air pollution 

increased simultaneously with outdoor pollution.20 

However, there is another method needed to assess 

indoor pollution, which is not the objective of this 

study. Blanc et al acknowledged that exposure to air 

pollutants in the workplace increased the risk of 

various respiratory diseases, including pneumonia, 

by 10%.21 

The distance between the patient's house and 

AQMS DKI 4 Jakarta was measured using Google 

Maps. The median distance is 9.82 km, with the 

closest distance to AQMS being about 700 meters 

and the farthest being 19.9 km. A previous study by 

Habibi et al noted that there was a strong positive 

correlation between the rate of exacerbation of 

COPD in patients who lived within a distance of 0–10 

km from the location of the AQMS, but it was not 

statistically significant.9 This may be due to the fact 

that the level of air pollutants was only taken from one 

AQMS, which was in Lubang Buaya, so that there 

was no difference in air pollutant levels between 

distances of 0–10 km and 10–20 km. Based on the 

results of interviews with the Ministry of Environment 

and Forestry, the AQMS station in Jakarta was able 

to measure air pollutant levels up to a distance of 15–

20 km.10 

The number of inpatient visits in the rainy 

season (51.9%) was not much different from that in 

the dry season. This was different from the study 

conducted by Pirozzi et al, which found a significant 

relationship between PM2.5 levels >12 μg/m3 and NO2 

levels with pneumonia in winter. In the dry season, 

any increase in O3 levels of 10 ppb in the previous 1–

4 days increased the risk of pneumonia admission by 

1.004.22 Several studies suggest that the increase in 

the number of pneumonia visits during the rainy 

season was due to increased emissions from 

warming devices and decreased mucociliary 

clearance ability of the respiratory tract. However, 

other studies have also found that increases in air 

pollution levels are more noticeable in the dry season 

or the transition of seasons.22  

Based on the 2023 Department of 

Environment, DKI Jakarta report, there was an 

increase in air pollutant levels in September and 

October, which was the transition period from dry 

season to rainy season. This happened due to an 

increase in the volume of vehicles during the rainy 

season and it depends on the intensity of rain. The 

increase in air pollutants, especially PM2.5, occurred 

when there was no rain for several days.23 A study by 

Chen et al explained that rain intensity might 

increase the concentration of air pollutants through 

the hygroscopic effect (humidity) and decrease the 

concentration through the washout process.24 The 

highest monthly rain intensity in Lubang Buaya 

occurred in February and contributed to the overall 

decrease in the average level of air pollutants.23 

The CAP severity in this study tended to be 

high, with a PSI score of 91–130 (46.1%). This might 

be influenced by the components of the PSI score, 

which include age, gender, and various comorbidities. 

A study by Safçi et al obtained that NO levels were 

negatively correlated with PSI scores (r=-0.199; 

P=0.01), while O3 levels were positively correlated 

with PSI scores (r=0.313; P=0.01).25 This study 

analysis obtained a statistically significant positive 

correlation value on PM10 levels 7 days before 

admission (r=0.725; P=0.042). However, it should be 

noted that there were missing data on PM10 levels 

from May to August, so the value of the correlation is 

doubtful.  

After multiple linear regression analysis, it was 

found that the correlation value was not significant. 

Yee et al conducted a meta-analysis stated that there 
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was an increased risk of pneumonia admission by 

0.4% (95% CI=0.2–0.4) for every increase in PM10 

levels by 10 μg/m3.26 Chen et al conducted a study of 

Pseudomonas aeruginosa culture on human 

bronchial epithelial cell media exposed to PM with 

concentrations of 10, 50, 100, 200, and 400 μg/ml. 

Culture was carried out for 24 hours, and it was 

observed that there was a significant increase in 

bacterial colonization even in cells exposed to PM by 

10 μg/ml compared to cells not exposed to PM. In the 

same study, it was found that there was damage to 

cell viability when exposed to PM with concentrations 

greater than 200 μg/ml.27 

In this study, PM2.5 levels consistently 

showed a weak but statistically insignificant positive 

correlation. However, as visible from the results of 

multiple linear regression, it was found that PM2.5 

levels 7 days before admission were associated with 

an increase in the CAP hospitalization rates at 

Persahabatan Hospital. Similar results were obtained 

from a study by Pirozzi et al that showed a significant 

association between PM2.5 levels >12 μg/m3 in the 

4–5 days prior to admission and mortality.22 Another 

study by Wu et al found that the risk of pneumonia 

admission increased with each increase in PM2.5 

levels by 10 μg/m3 in the 0–2 days prior to 

admission.14 A meta-analysis by Yee et al revealed 

that every increase in PM2.5 levels by 10 μg/m3 will 

increase the risk of pneumonia admission by 1.0% 

(95% CI=0.5–1.5).26 

All the results of the SO2 level analysis 

explained that there was no correlation between SO2 

levels and the rates of CAP hospitalizations. Different 

results were obtained from a meta-analysis by Yee et 

al, which acknowledged that there was an increase 

in the risk of pneumonia admission by 2.4% (95% 

CI=-2.0–7.1) for every increase in SO2 levels of 10 

ppb. Yee et al also noted that there was no significant 

difference between SO2 exposure on the day of 

admission and 5 days before pneumonia 

admission.26 

Another study by Li et al in China had a 

positive relationship between SO2 exposure and the 

number of CAP outpatient visits. The study found an 

increase in odds ratio (OR) of 1.002–1.004 (95% 

CI=1.001–1.006), both on the day of the visit and 5 

days before the visit.28 Likewise, a study by 

Kaspersen et al in Denmark pointed out that SO2 

levels increased the risk of pneumonia, both caused 

by viruses and bacteria.5 

The results of the CO level analysis also 

showed that there was no correlation between the 

average CO level and the rates of CAP 

hospitalizations. A meta-analysis by Yee et al 

obtained the opposite result; every 1 ppm increase in 

CO levels was associated with an increased risk of 

pneumonia admission by up to 4.2% (95% CI=0.6–

7.9). This increased risk mainly occurs at 2 days and 

5 days before admission. However, some studies 

that conducted sensitivity analysis stated that the 

relationship between CO levels and the number of 

pneumonia visits was not always statistically 

significant.26 Another study by Li et al also noted that 

CO levels had a positive effect on the number of 

pneumonia outpatient visits, especially on the day of 

the visit, up to 2 days before the visit.28 Kaspersen et 

al observed that the incidence of viral and bacterial 

pneumonia was associated with an increase in CO 

levels.5 

According to the results of the correlation test 

in this study, there was no correlation between the 

average O3 level and the rates of CAP inpatient visits. 

However, when linear regression analysis was 

performed, the results obtained pointed out that the 

average O3 level in the month of admission had a 

statistically significant negative effect and was 

simultaneous with PM2.5 levels on day 7 before 

admission.  

It cannot be concluded that O3 levels have a 

protective effect against CAP because many factors 

might affect these outcomes, such as confounding 

factors from the host or from the environment. Similar 

results were also obtained from the study by 

Zanobetti et al, O3 levels were negatively related to 

pneumonia. Zanobetti mentioned that this could 

happen because indoor O3 levels are usually very 

low, especially in winter when the ventilation is poor 

(e.g., closed windows), so exposure to air pollutants 

from outdoors would also be reduced.29 
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However, the results of other studies have 

found that increased O3 levels actually increase the 

risk of pneumonia admission. One of them, a meta-

analysis by Yee et al, acknowledged that, like other 

air pollutants, O3 levels also increase the risk of 

pneumonia admission by 0.4% (95% CI=0–0.8) for 

every increase in O3 levels by 10 ppb.26 Another 

study by Safçi et al revealed that O3 exposure was 

associated with an increase in PSI score (r=0.313) 

and the risk of death with an OR of 1.02 (95% 

CI=1.01–1.03) at 3 and 7 days before admission.25 

In this study, no significant correlation was 

obtained between NO2 levels and the rates of CAP 

hospitalizations. Similar results were observed from 

a study by Salimi et al, which also did not find a 

significant relationship between NO2 levels and 

respiratory diseases, COPD, and pneumonia.30 

Different results were seen from a meta-analysis by 

Yee et al, which noted that every 10 ppb increase in 

NO2 levels was associated with an increase in 

pneumonia admission by 4.2% (95% CI=0.6–7.9).26 

IT is also similar to the study of Kaspersen et al, 

which explained that NO2 levels were associated with 

an increased incidence of pneumonia because 

they’re more susceptible to bacterial and viral 

infections.5 

 

LIMITATION 

 
Some of the limitations of this study include 

that the study subjects only come from one hospital 

in East Jakarta, so the results of this study cannot be 

representative of the entire city of Jakarta. The large 

number of samples also increases the risk of 

selection bias due to missed selection of study 

subjects, errors in data entry, and errors in 

calculation or data analysis. Air pollutant data were 

only taken from one AQMS location and using API 

values, which were different from μg/m3 that are 

broadly used in studies from other countries. In 

addition, there were reports that PM10 measuring 

devices were damaged from the end of April to early 

September, so that there was missing data on PM10 

levels for those months. This might cause a risk of 

bias because there were some missing data, 

especially in the results of the PM10 level analysis. 

However, since this is the first study in Indonesia that 

aimed to find the association of air pollutant levels, 

including PM10, with CAP, it could not be excluded 

from the analysis. Several confounding factors could 

affect air pollution levels in the environment, such as 

air temperature, humidity, precipitation, and wind 

direction and speed. Finally, there were no 

comparative data with other lung infectious diseases 

or with healthy subjects. 

 

CONCLUSION 

 
The average PM2.5 level 7 days before 

admission had a simultaneous significant positive 

effect with the mean negative effect of the average 

O3 level in the month of admission on the increase in 

CAP inpatient visits at Persahabatan Hospital in 

2023. The highest levels of PM10 occurred in October 

(API=82.93, Moderate category), PM2.5 in September 

(API=125.23, Unhealthy category), SO2 in January 

(API=53.48, Moderate category), CO in May 

(API=25.70, Good category), O3 in September 

(API=28.40, Good category), and NO2 in November 

(API=20.40, Good category). The highest 

hospitalization rates of CAP in 2023 occurred in 

October, which was in line with the increase in PM2.5 

and O3 levels that reached their peak in the previous 

month (September).  

The demographic characteristics of the 

subjects in this study were mostly patients aged >56 

years who had more than one comorbidity, high PSI 

scores between 91 and 130, and were unemployed. 

These factors might cause the results of the study to 

not be representative of the effects of outdoor air 

pollutant levels because most subjects might rarely 

engage in outdoor activity and rarely be exposed to 

outdoor air pollution. 

It is necessary to develop a warning system 

from the Department of Environment, East Jakarta, 

to local health service facilities when there is a surge 

in air pollutant levels, especially PM2.5 levels, if they 

reach API levels with unhealthy categories. It is 

necessary to conduct periodic education to the public 

regarding the impact of air pollutants on lung 
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infections, especially CAP, as well as the importance 

of using personal protective equipment such as 

masks when there is a surge in air pollutant levels.  

This study may be used as a reference for 

future research on populations that are routinely 

exposed to outdoor air pollution (office employees, 

hawkers, motor vehicle drivers, and so on), as well 

as collaborating with meteorology and environmental 

departments to determine the effects of 

environmental factors such as air temperature, 

humidity, rain intensity, wind speed, and direction. 
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