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Abstract: Background and objective

To determine the association of PM2.5 and other pollutants effects on Emergency
Department (ED) visits, hospitalization, and mortality with acute respiratory disease,
acute coronary syndrome (ACS), acute heart failure (AHF), and stroke.

Methods

This study was a retrospective study with daily data collected on ED visits between
2018 and 2019 at Maharaj Nakorn Chiang Mai Hospital. A distributed lag non-linear
model and quasi-Poisson model were used to explore the relationship between air
quality parameters and ED visits in each disease.

Results

A total of 3,540 ED visits were recorded during study period. The mean daily PM2.5
concentration was 89.0±40.2 µg/m3. We observed associations between PM2.5
concentrations and the ED visits due to ACS on the following day (RR = 1.023, 95%
confidence interval [CI]: 1.002-1.044) and two days after exposure (RR = 1.026, 95%
CI: 1.005-1.047). Also, subgroup analysis revealed the association between PM2.5
concentrations and the ED visits due to pneumonia on the current day (RR =1.071,
95% CI: 1.025-1.118) and on the following day after exposure (RR =1.024, 95% CI:
1.003-1.046). PM2.5 associated with increased mortality resulted from ACS on lag day
3 (OR = 1.36, 95% CI: 1.08-1.73). For other air pollutions, PM10 is associated with
increased ED visits due to COPD/asthma and increased hospitalization in AHF. Also,
O3 and NO2 are associated with increased ICU admissions and mortality in AHF.

Conclusion

Short-term exposure to PM2.5 pollution can increase the risk of ED visits in ACS and
acute respiratory disease particularly for pneumonia.
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Abstract 

Background and objective: To determine the association of PM2.5 and other pollutants 

effects on Emergency Department (ED) visits, hospitalization, and mortality with acute 

respiratory disease, acute coronary syndrome (ACS), acute heart failure (AHF), and stroke. 

Methods: This study was a retrospective study with daily data collected on ED visits between 

2018 and 2019 at Maharaj Nakorn Chiang Mai Hospital. A distributed lag non-linear model 

and quasi-Poisson model were used to explore the relationship between air quality parameters 

and ED visits in each disease.  

Results: A total of 3,540 ED visits were recorded during study period.  The mean daily PM2.5 

concentration was 89.0±40.2 µg/m3.  We observed associations between PM2.5 concentrations 

and the ED visits due to ACS on the following day (RR = 1.023, 95% confidence interval 

[CI]: 1.002-1.044) and two days after exposure (RR = 1.026, 95% CI: 1.005-1.047).  Also, 

subgroup analysis revealed the association between PM2.5 concentrations and the ED visits 

due to pneumonia on the current day (RR =1.071, 95% CI: 1.025-1.118) and on the following 

day after exposure (RR =1.024, 95% CI: 1.003-1.046).  PM2.5 associated with increased 

mortality resulted from ACS on lag day 3 (OR = 1.36, 95% CI: 1.08-1.73). For other air 

pollutions, PM10 is associated with increased ED visits due to COPD/asthma and increased 

hospitalization in AHF.  Also, O3 and NO2 are associated with increased ICU admissions and 

mortality in AHF. 

Conclusion: Short-term exposure to PM2.5 pollution can increase the risk of ED visits in ACS 

and acute respiratory disease particularly for pneumonia. 

Short Title: PM2.5 on ED Visits in Respiratory and CV 

Keyword:  Air pollutants; Environmental health; Emergency Department; Public Health; 

Pneumonia  
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Introduction 

Air pollution is a major issue worldwide and the largest environmental problem 

nowadays especially harmful health effects.1  Outdoor air pollution is a complex mixture of 

components, affecting human health include airborne particulate matter (PM), pollutants 

ozone (O3), nitrogen dioxide (NO2), and sulfur dioxide (SO2).
2  The most health-damaging 

PMs are those with a diameter of less than 10 µm (PM10) and 2.5 µm (PM2.5), which can 

penetrate and lodge deep inside the lungs.2,3  Especially PM2.5 is the principal air pollutant 

showing the greatest threat to global public health.2,3  Both short- and long-term exposure to 

PM2.5 has been associated with health impacts in the multi-organs system via many pathways 

with the role of oxidative stress in PM-mediated effects, systemic vascular dysfunction and 

cardiovascular modeling with air pollution, and autonomic dysfunction and activation of 

central nervous system pathways.3  Exposure to PM2.5 also leads to respiratory problems and 

the development of atherosclerosis which increases the risk for coronary artery disease and 

cerebrovascular disease.3  Several studies have demonstrated the effects of PM2.5 on increased 

morbidity and mortality, emergency visit and hospitalization for acute respiratory disease 

especially pneumonia, chronic obstructive pulmonary disease (COPD) and asthma, acute 

coronary syndrome (ACS), acute heart failure (AHF), and stroke.2–8  

According to the World Health Organization (WHO), global assessment of ambient air 

pollution exposure and the resulting burden of disease in 2016, Eastern Mediterranean, South-

East Asian (SEA), and Western Pacific Regions had some of the highest exposures to air 

pollution.9–11  Thailand is a SEA country with exposure to high annual mean WHO Air 

Quality Guidelines (AQG).11,12  The area the highest air pollution concentrations is the 

northern part of Thailand from January to May. The pollution originates from human activity 

and wildfires.12  However, no previous study in SEA mentions  the effects of PM2.5 toward 

health impacts in ED visits.  Therefore, the primary objective of this study was to determine 
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the association between the increase of fine particular matter (PM2.5) including other 

pollutants and its effect on acute respiratory disease, ACS, AHF, and stroke in the ED visits, 

ED disposition and in-hospital mortality. 

Material and Methods 

Data Collection 

 We conducted a time series analysis between April 2018 and March 2019 at Maharaj 

Nakorn Chiang Mai Hospital which represents a tertiary-care, university hospital. Inclusion 

criteria were patients who visited ED with age more than 18 years old and have the current 

address in Chiang Mai.  The exclusion criteria were patients who referred from other hospitals 

and trauma patients. The study protocol was approved by the Research Ethics Committee, 

Faculty of Medicine, Chiang Mai University (Permit No. EXEMPTION-6698/2562). 

From the electronic medical record (EMR), we extracted patient data with the 

principal diagnosis of acute respiratory disease, ACS, AHF, and stroke, using the 

International Classification of Diseases (ICD) 10th revision codes of J00-J99, I20-I25, I50, 

and I60-I69, respectively.  The principal diagnosis was recorded in EMR by physicians.  Data 

collection derived from the EMR included age, gender, visit date, diagnosis, emergency 

department disposition, and in-hospital mortality. 

 Daily average concentration and hourly real-time air pollution data for a concentration 

of PM2.5, PM10, ozone (O3), nitrogen dioxide (NO2), and sulfur dioxide (SO2) were collected 

from the Smoke Haze Integrated Research Unit (SHIRU) and the Air Pollution in Chiang 

Mai: Real-time Air Quality Index Visual Map website (https://aqicn.org/map/chiang-mai/).  

There are 12 stations on the map in the Mueang Chiang Mai District of Chiang Mai Province 

in Thailand, managed by The World Air Quality Index project team.  WHO Air Quality 

Guideline Standard (AQCs) recommend aiming for annual mean PM2.5 concentration values 

of ≤ 10 µg/m3 and 24-hour mean concentration values of ≤ 25 µg/m3; the Thai Air Quality 

https://aqicn.org/map/chiang-mai/
Sticky Note
Unclear how the exposure assessment was performed. Was it assumed the whole city had the same values overall?
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Standard recommends 24-hour average PM2.5 concentrations of ≤ 50 µg/m3.  For other air 

pollutants, the Thai Air Quality Standard recommends 24-hour average PM10 concentrations 

of ≤ 120 µg/m3, 8-hour average O3 concentrations of ≤ 140 µg/m3, 1-hour average NO2 

concentrations of ≤ 320 µg/m3, and 1-hour average SO2 concentrations of ≤ 780 µg/m3.  The 

outcome of this study has measured the effects of air pollutions on ED visits, hospitalization, 

Intensive Care Unit (ICU) admissions, and mortality on acute respiratory disease, ACS, AHF, 

and stroke in the ED. 

In this analysis, results were summarized as medians and interquartile ranges for non-

normally distributed variables, and frequency and percentage for categorical variables.  The 

primary exposure variable was PM2.5, considering the nonlinear exposure-lag-response 

relationship between exposure to air pollution and health effects, an additional dimension, 

temporal dependency of exposure and outcome, was required to characterize and control the 

model. 13–16  Distributed lag non-linear model (DLNM) is a model that the relationship 

between air quality parameters and ED visits is described in both the usual predictor and the 

additional dimension of time lags. The model is defined by the following formula:  

log(𝐸(𝑌𝑡)) = 𝛼 + 𝑛𝑠(𝑅𝐻𝑡, 3) + 𝑛𝑠(𝑇𝑒𝑚𝑝, 3) + 𝑛𝑠(𝐴𝑃𝑡, 3) + 𝛽0𝑋𝑡 +⋯+ 𝛽𝑞𝑋𝑡−𝑞 + 𝜀𝑡 

Where E(Yt) is the expected number of ED visits on day t and 𝛼 is the model 

intercept.  Xt-q represented the focused air pollutants (PM2.5 or PM10) concentration q days 

before ED visit.  The model was adjusted for other environmental confounding variables 

using a natural cubic spline with 3 df for relative humidity (RHt), temperature (Temp), and 

other air pollutants (APt; PM10 (or PM2.5), O3, and NO2).  We investigated the lag structure of 

PM2.5 effects on ED visits using a polynomial function with 7 days from lag 0 to lag 6.  The 

outcome of the DLNM was the count of ED visits in each disease, and the quasi-Poisson 

model was used.  Lastly, a Multivariate logistic regression model was employed to explore 

independent air quality (PM10, PM2.5, O3, and NO2) predictors of hospital admission, critical 

Sticky Note
was there a package used for this? if so, specify the package and version number
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care unit, and in-hospital death.  All statistical analyses were performed using R (version 

4.0.0). Two-tailed p < 0.05 was considered statistically significant.  

Results 

A total of 3,540 ED visits were recorded for acute respiratory diseases, ACS, AHF, 

and stroke, from April 2018 to March 2019, with respiratory disease accounting for the largest 

proportion (55.7%).  Most patients were more than 65 years old (46.3%) and were male 

(51.5%).  The highest percentage of daily ED visits for cause-specific respiratory diseases 

were Upper Respiratory Tract Infections (URTI) (28.5%), followed by Pneumonia (27.3%), 

Chronic Obstructive Pulmonary Disease (COPD), and Asthma (26%), respectively.  1,664 out 

of 3,540 (47%) were admitted to the hospital and 16.6% were admitted to the ICU.  Patients 

diagnosed with ACS had the highest admission rate (80.6%).  Moreover, the total in-hospital 

death was 9.2%, mostly due to respiratory diseases.  Table 1 describes the characteristics of 

patients presented at the ED during the study period.  The overall median daily PM2.5 

concentration was 75.0 µg/m3 (Interquartile range; IQR 63-102 µg/m3) and mean daily 

concentration was 89.0 ± 40.2 µg/m3 above from Thai Air Quality Standard 

recommendations.  The median daily concentrations of PM10, O3, NO2, and SO2 were 39 

µg/m3 (IQR 32-53 µg/m3), 19 µg/m3 (IQR 15-24 µg/m3), 8 µg/m3 (IQR 6-12 µg/m3) and 0 

µg/m3, respectively, as shown in Figure 1 and Supplementary Table 1.  Concentrations of 

all air pollutants were highest during April of both years (2018 and 2019), as shown in 

Supplementary Figure 2. 

Figure 2 shows the association between the adjusted lag-effect of PM2.5 > 50 µg/m3 

on ED visits to acute respiratory disease, ACS, AHF, and stroke.  We observed statistically 

significant associations between the ED visits due to ACS and PM2.5 concentrations on the 

following day (lag day 1) (RR = 1.023; 95% CI: 1.002-1.044), two days after exposure (lag 

day 2) (RR = 1.026; 95% CI: 1.005-1.047) and returned to normal three days after exposure to 

Sticky Note
How is daily median concentrations for PM10 lower than PM2.5? This doesn't make sense.

Sticky Note
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PM2.5 (lag day 3).  No statistically significant associations were found between PM2.5 and ED 

visits due to acute respiratory disease, AHF, and stroke at any lag day.  

Analysis of the effect of PM2.5 on cause-specific respiratory diseases, including URTI, 

Pneumonia, COPD, and Asthma (Figure 3) found statistically significant associations in ED 

visits of pneumonia on the current day (lag day 0) (RR = 1.071; 95% CI: 1.025-1.118), lag 

day 1 (RR = 1.024; 95% CI: 1.003-1.046) then reverted to normal levels at two days after 

exposure (lag day 2), with the effects rebounding four days after exposure (lag day 4) (RR = 

0.970; 95% CI: 0.948-0.993) and five days after exposure (lag day 5) (RR = 0.979; 95% CI: 

0.961-0.998).  The largest effect was observed on the current day (lag day 0).  Moreover, we 

investigated the effects of other air pollutions, such as PM10, O3, and NO2, on ED visits and 

hospitalizations.  Above-normal limits of PM10 (>120 µg/m3) were associated with increased 

ED visits due to COPD and asthma on lag day three (RR = 1.159; 95% CI: 1.007-1.1335) and 

lag day four (RR=1.138; 95% CI: 1.009-1.284) (Supplementary Figure 3).  For O3 and NO2, 

no conclusions could be drawn because their values did not exceed the standard references 

across the study period. 

Figure 4 demonstrates the association between air pollutants and hospitalization for 

specific diseases at any lag day.  We observed statistically significant associations between 

the hospitalization and AHF with every increase of 10 µg/m3 in PM10 on lag day two (OR = 

1.32; 95% CI: 1.04-1.67).  However, the statistical results show no significant associations 

between air pollutants and other diseases.  Additionally, this study found statistically 

significant air pollutants increase the risk effect of ICU admissions and mortality at any lag 

day as shown in Supplementary Figures 4 and 5.  Every 10 µg/m3 increase of NO2 on the 

previous two days was associated with an increase in ICU admission for AHF (OR = 1.13; 

95% CI: 1.02-1.26).  PM2.5 was associated with increased ACS mortality on three days after 

exposure (OR = 1.36; 95% CI: 1.08-1.73).  Furthermore, O3 was associated with increased 
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AHF mortality on the current day (OR = 1.16; 95% CI: 1.04-1.29), the following day  

(OR=1.13; 95% CI: 1.04-1.23) and the next two days after exposure (OR = 1.17; 95% CI: 

1.05-1.30). 

Discussion 

 This study found that PM2.5 concentrations were associated with the number of ED 

visits due to ACS on the following day and two days after exposure (lag days 1 and 2), and 

pneumonia on the current day and following day after exposure.  Consistent with previous 

studies, ED visits due to acute respiratory diseases were associated with an increased PM2.5 

concentration on the same day.4,6,17–19  Interestingly, no previous studies were found that 

examined the effects of PM2.5 on ED visits in the aforementioned group of diseases conducted 

in SEA.  The previous study did not mention how PM2.5 affected ED visits but investigated 

the effects of PM2.5 on daily mortality and hospitalization in cardiovascular and respiratory 

disease, has found that PM2.5 effects in COPD and community-acquired pneumonia.20  

Consistent with the previous study, PM2.5 is associated with increased mortality of ACS 

patients three days after exposure.18  Additionally, we found that the effect of PM2.5 pollution 

on hospitalization of respiratory disease was significantly greater in males than females and 

patients ages greater than 65 years.  Compared with previous studies, the subgroup analysis 

results suggested that elderly people might be more susceptible to PM2.5 exposure and may 

have a weaker immune system and a higher prevalence of chronic respiratory diseases.6,20 

PM2.5 was hypothesized to have the most effects on the respiratory and cardiovascular 

systems: oxidative stress in PM-mediated effects directly affect the respiratory system through 

inhaled PM2.5 depositing deep within pulmonary tissues interacting with local cells and 

modifying endogenous structures, consequently leading to local inflammatory response.  

Also,  PM-mediated effects influencing the development of atherosclerosis, resulting in an 

increased risk for coronary artery disease.2–4  The results of this study indicate that the short-



9 
 

term effect of ambient PM2.5 exposure is associated with increased daily ED visits with ACS.  

The number of ACS patients increased following the rising of PM2.5 concentration by one to 

two days.  Regarding AHF and stroke, and increased PM2.5 was not found to affect the 

number of ED visits in any lag days.  Previous studies found that most PM2.5 effects were a 

delay, ranging from seven days or more after exposure to PM2.5; moreover, stroke was found 

to be associated with long exposure to air pollutions.5,8,21,22  

Other air pollutants also demonstrated some effects on ED patients.  Interestingly, 

PM10 is another significant air pollutant that can precipitate emergency illnesses especially 

cardiovascular and respiratory diseases; however, studies that have explored the effect of 

PM10 concentration and specific diseases are limited.3,23  Also, our study found that PM10 was 

associated with an increased risk of ED visits due to COPD and asthma.  Furthermore, our 

study revealed the association between PM10 concentrations and an increased risk of 

hospitalization due to AHF.  Correlated with the previous study, PM10 concentrations between 

50-200 µg/m3 were an isolated risk factor for hospitalization in AHF patients in Saharan 

desert dust.24 Also, NO2 and O3 also took part in the pathogenesis of inflammation, oxidative 

stress, and autonomic abnormality which consequently resulted in an increased risk of 

unfavorable outcomes in AHF patients.3,25,26   

This is the first study in SEA studying the effects of PM2.5 and PM10 on ED visits in a 

place where the daily PM2.5 and PM10 concentrations were higher than the standard level 

(WHO AQGs and Thailand Air Quality Standard).  Also, this study demonstrated that the 

possible health effects of exposure to air pollution, especially effects of PM2.5 on 

cardiovascular and respiratory systems as mentioned.  This is of importance for both 

healthcare providers and public health authorities and could contribute to health promotion for 

the general public by increasing awareness of the effects of air pollution and preventative 

measures.  Also, to increase government awareness on the gravity of air pollution issues to be 
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aware of harmfulness and health hazards to the populations in this area.  Finally, to help guide 

systems planning for health care professionals especially those in the emergency services to 

prepare for increases in ACS and respiratory disease visits to the ED in seasons where PM2.5 

concentrations are abnormally high, especially, during winter (December to February), and 

peak again in forest fire season (April) (Supplementary Figure 1).  Also, a well-prepared 

protocol during the season which has a high level of PM2.5 is warranted to ensure both 

patients and healthcare personnel that ED and hospital are administering this issue.  

Some limitations of our study should be mentioned.  First, it is a single-center study 

and only conducted in one district; thus, the sample size studied in subgroup analyses was 

small.  Additionally, patients referred from other hospitals were excluded from the study, and 

as this was conducted in a tertiary teaching hospital, the admission criteria were strict, which 

may influence the number of admissions in disease subgroup analyses.  Second, patient data 

obtained from the principal diagnosis made in the ED according to ICD-10 did not include 

disease severity, risk factors, and initial management.  Furthermore, our data explored the 

effects of short-term exposure.  Finally, we did not collect data on preventative measures 

taken by the sample population to lessen PM2.5 exposure, such as using home air purifiers and 

wearing face masks.  

Conclusion 

 Our study provides evidence that short-term PM2.5 pollution exposure can increase the 

risk of ED visits in ACS and respiratory disease, particularly for pneumonia.
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Table 1. Descriptive Summary for the Study Period (April 2018 to March 2019), Emergency Department Visits, ICU Admission and In-Hospital 

Deaths for Acute Respiratory Diseases, Acute Coronary Syndrome, Acute Heart Failure and Stroke 

Characteristics 
Total 

Acute Respiratory Disease 

(ICD10 code: J00-J99) 

Acute Coronary Syndrome 

(ICD10 code: I20-I25) 

Acute Heart Failure 

(ICD10 code: I50) 

Stroke 

(ICD10 code: I60-69) 

N (%) N (%) N (%) N (%) N (%) 

ED visit 3540 (100) 1973 (55.7) 470 (13.3) 365 (10.3) 732 (20.7) 

Median age – year 

(IQR) 
63 (29) 59 (44) 65 (15.8) 69 (20) 63 (21) 

Age (year) *            

18-34 

35-44 

45-54 

55-64 

637 (18.0) 

207 (5.8) 

349 (9.9) 

705 (20.0) 

596 (30.2) 

135 (6.8) 

141 (7.2) 

291 (14.8) 

1 (0.2) 

18 (3.8) 

59 (12.6) 

140 (29.8) 

8 (2.2) 

14 (3.8) 

35 (9.6) 

67 (18.4) 

32 (4.4) 

40 (5.5) 

114 (15.6) 

207 (28.3) 

335 (45.8)    ≥ 65 1638 (46.3) 810 (41.0) 252 (53.6) 241 (66.0) 

Gender           

Male 1824 (51.5) 988 (50.1) 293 (62.3) 158 (43.3) 385 (52.6) 

Female 1716 (48.5) 985 (49.9) 177 (37.7) 207 (56.7) 347 (47.4) 

Disposition            

 Discharge 1876 (53.0) 1414 (71.7) 91 (19.4) 156 (42.7) 215 (29.4) 

   Total Admission 

   ICU Admission 

1664 (47.0) 

276 (16.6) 

559 (28.3) 

22 (3.9) 

379 (80.6) 

218 (57.5) 

209 (57.3) 

20 (9.6) 

517 (70.6) 

16 (3.09) 

In-hospital death 153 (9.2) 75 (13.4) 27 (7.1) 19 (9.1) 32 (6.2) 

* Note: Age (N/A = 4; ICD10 I60-I69 = 4 
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Figure legend 

 

Figure 1. Box Plot of Daily Ambient Data for the Study Period (April 2018-March 2019) 

Figure 2. Relative Risk of the Adjusted Lag-Effect between PM2.5 and ED Visits of Respiratory 

Disease, Acute Coronary Syndrome, Acute Heart Failure and Stroke (Reference PM2.5 = 50 

µg/m3) 

Figure 3. Relative Risk of the Adjusted Lag-Effect between PM2.5 and ED Visits of Cause-

Specific of Respiratory Disease; URTI, Pneumonia, COPD and Asthma  

(Reference PM2.5 = 50 µg/m3) 

Figure 4. Excess Risk (95% Confident Intervals) of Association between Air Pollutants (PM2.5, 

PM10, O3 and NO2) and Hospitalization for Serious Specific Disease at Lag Day 0-5 
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