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The relations between ambient air pollution, meteorological factors, and the number of emergency 
hospital admissions due to chronic obstructive pulmonary disease (COPD) were analyzed. The study 
utilized a nationwide collection of emergency hospital admissions from anonymous public registries 
covering the period of 8 years (2012–2019). Separated analyses were presented by sex, age group, 
and place of residence (rural vs. urban area), a group of major pollutants (PM2.5, PM10, SO2, NOx, and 
NO2), and meteorological factors (daily air temperature minimum (Tmin), air temperature maximum 
(Tmax) and the daily change of an average air temperature (dTc), relative humidity (Rh) and wind 
speed (Ws)). This analysis confirmed association between environmental factors and an increase in 
the number of emergency hospital admissions of COPD patients. The greatest correlations (p < 0.001) 
were r = 0.58 and day lag = 5 days for PM10, r = 0.63 and day lag = 20 days for PM2.5, r = 0.73 and day 
lag = 20 days for SO2, r = 0.57 and day lag = 25 days for NO2 and r = 0.51 and day lay = 30 for NOx as well 
as r = -0.78 and day lag = 19 days for Tmax, r = -0.79 and day lag = 19 days for Tmin, r =  − 0.57 and day 
lag = 22 days for dTc, r = 0.42 and day lag = 30 days for Rh and r = 0.40 and day lay = 14 for Ws. Variations 
of SO2 and temperature were the most important factors associated with emergency hospital 
admissions of COPD patients in Poland. Women, patients aged 60–79 as well as inhabitants of urban 
areas showed stronger and faster responses to changes in environmental elements.
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Ambient air pollution poses a significant risk to human health1,2 and is associated with excess mortality3. In 
2021, exposure to particulate matter air pollution accounted for 5% of the global disease burden measured 
in disability-adjusted life-years (DALYs)2. Long-term exposure to ambient air pollution increases the risk of 
cardiovascular diseases, respiratory diseases, cancers, and diseases of the endocrine and nervous systems3,4. 
Short-term exposure to air pollution can evoke exacerbations of respiratory diseases like asthma or chronic 
obstructive pulmonary disease (COPD)5,6.

Particulate matter (PM), nitrogen dioxide (NO2), sulfur dioxide (SO2), carbon monoxide (CO), and ozone 
(O3) are listed by the World Health Organization (WHO) as air pollutants of public health concern7. Both 
particulate and gaseous pollutants pose significant health risks and are associated with disease development and 
progression5,6,8.

Between 1990 and 2021 in Europe, the average annual gross-weighted PM2.5 exposure decreased by 33.7% 
which also led to a 42.4% decrease in the number of air pollution attributable deaths9. At the same time, emissions 
of several PMs decreased significantly10. Moreover, emissions of gaseous pollutants also decreased, e.g., CO by 
69%, NOx by 63%, and SOx by 93%10. Air pollution levels differ across the EU9,10. Poland is among the EU 
countries with the highest levels of air pollution emissions10. European Environment Agency estimated that in 
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2021, Poland was responsible for 22.3% of PM2.5, 19.2% of PM10, 14.2% of CO, 28.1% of SOx, 10.5% of NOx, 
and 38% of benzo(a)pyrene emission reported in the whole EU10. It is estimated that in 2021 in Poland, exposure 
to PM2.5 concentrations above the 2021 WHO guideline level of 5  µg/m3 was linked to 47,300 attributable 
deaths and 519,000 years of life lost11.

Ambient air pollution exposure in Poland is also associated with healthcare burden related to increased 
risk of hospital admissions among patients with chronic respiratory diseases like COPD12,13. COPD is a 
common chronic respiratory disease14. Exposure to air pollution is a well-documented risk factor for COPD 
exacerbation12,13,15–17. Patients with severe COPD exacerbation may require urgent hospitalization and additional 
healthcare utilization during the recovery process which generates substantial economic costs18.

Air pollutants and climate change are closely linked and have similar sources related to industrialization and 
environmental emissions resulting from human activities3,19. Meteorological factors like air temperature, relative 
humidity, and wind speed are influencing population behaviors and environmental emissions20 which changes 
pollutant concentrations in the air24, e.g., from utilization of heating systems and urban traffic21. Moreover, 
meteorological factors may impact the transmission of respiratory viruses like influenza or SARS-CoV-222,23. 
However, there is still limited detailed evidence on the impact of meteorological conditions on respiratory 
disease exacerbations25,26.

Associations between ambient air pollution and COPD exacerbations were analyzed in previously published 
studies, but most of them were limited to single centers or administrative regions12,13,15–17. Poland is an example 
of an EU country with higher emissions of air pollutants that poses a health risk for approximately 3 million 
people suffering from COPD27. Nationwide data on the correlations between environmental factors (like air 
pollution and meteorological conditions) and emergency hospital admissions due to respiratory diseases, (e.g. 
COPD) may be used to strengthen national policies related to environmental protection and public health safety.

This study aimed to assess the impact of air pollution and meteorological factors on the number of emergency 
hospital admissions due to COPD in Poland between 2012 and 2019, based on nationwide registries.

Material and methods
Study design
In this study, associations between 7-day average ambient air pollution, meteorological factors, and the 7-day 
average number of emergency hospital admissions due to COPD were analyzed. Separated analyses were 
presented by sex, age group, and place of residence (rural vs. urban area). Nationwide data were collected from 
the anonymous public registries. The observation period covered 8 years (2012–2019). The study protocol was 
approved (decision number 401/2023) by the Ethical Committee at the Centre of Postgraduate Medical Education 
in Warsaw, Poland. All methods were performed in accordance with the relevant guidelines and regulations. 
This is a secondary data analysis based on the nationwide registry managed by the National Institute for Public 
Health. Data obtained from the Institute were anonymous and generated based on the public statistics system in 
Poland. As this is a secondary analysis of data generated within the public statistics, consent to participate was 
waived.

Data collection
Data on COPD admissions
Data on patients hospitalized with COPD were obtained from the public registry on hospitalizations carried out 
by the National Institute of Public Health National Institute of Hygiene—National Research Institute within the 
Nationwide General Hospital Morbidity Study28,29. Hospitals are legally obligated to report hospital discharge 
reports to the registry using a dedicated template28. Medical conditions were coded by physicians using the 
10th revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10)30. 
Patients diagnosed with COPD were identified using ICD-10 code J4429. A similar approach was used in other 
registry-based studies in Poland12,29. Admission date and admission mode (scheduled or emergency) were defined 
based on the data presented in discharge reports. Demographic data included sex, age on the day of admission, 
and place of residence defined with geographical codes (TERYT)31. Based on the geographical location of the 
place of residence (TERYT) codes, patients were classified into groups of urban or rural inhabitants.

Out of 910,372 total hospital admissions of patients diagnosed with COPD in Poland between 2012 and 2019, 
data on 630,059 emergency hospital admissions of patients diagnosed with COPD were included in this analysis. 
This timeframe results from the quality of data available in the registry. Moreover, 2019 was the last year before 
the COVID-19 pandemic onset, which had an impact on healthcare utilization, including a number of hospital 
admissions.

Data on air pollution
Data on the average daily concentration of air pollutants were obtained from the Chief Inspectorate of 
Environmental Protection (165 imission stations; Supplementary Table S1) – a government institution responsible 
for environmental monitoring32. The following air pollutants were included in this analysis: PM2.5: particulate 
matter ≤ 2.5 μm in diameter (PM2.5), particulate matter with diameter 10 (PM10), sulfur dioxide (SO2), nitrogen 
oxides (NOx) and nitrogen dioxide (NO2). The selection of air pollutants included in this analysis was based on 
previously published data on air pollution exposure and respiratory health as well as the list of pollutants with 
the strongest evidence for public health concerns listed by the WHO7.

Data on meteorological conditions
Data on the average daily values of meteorological factors were obtained from the 55 synoptic stations 
(Supplementary Table S2) of the Institute of Meteorology and Water Management—National Research Institute 
– a scientific institution responsible for weather monitoring and forecasting33. The following meteorological 
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factors were included in this analysis: daily maximum (Tmax) and minimum (Tmin) air temperatures, average 
daily temperature change (dTc), relative humidity (Rh), and wind speed (Ws). The selection of meteorological 
factors was based on previously published data on relations between weather and health25,26.

Data analysis
The analysis utilized 7-day averages from Poland, as providing adequate statistical weight for analysis and 
justified by the activity cycle and confirmed by good fit in this type of analysis in our previous studies focused on 
COVID, concerning the number of emergency hospital admissions of patients diagnosed with COPD, average 
daily levels of air pollutants (PM2.5; PM10; SO2; NOx; NO2), and average values of meteorological factors 
(Tmax, Tmin, dTc, Rh, Ws).

Lagged correlation between 7-day averages hospitalizations and (1) 7-day averages air pollution, as well as 
(2) 7-day averages meteorological factors with a maximum of 30 days difference, were calculated. Then, separate 
analyses were presented by sex, age group, and place of residence (rural vs. urban area). In rural–urban analysis, 
a total of 31,534 hospitalizations (< 2% of all hospitalizations analyzed in this study) were excluded due to the 
lack of TERYT codes in discharge reports. The statistical significance value was set at p < 0.05. In the first step, 
data were analyzed for all patients.

Ternary plots were prepared with the ggtern R library34 to analyze the complex interactions between air 
pollutants, meteorological factors, and hospital admissions of patients diagnosed with COPD. By plotting three 
variables on the three axes of a ternary plot, interactions between different variables were presented.

Granger causality analysis35 was performed to analyze potential predictive relationships among various 
smoothed variables derived from meteorological and pollution data. This analysis was crucial for identifying 
directional influences between different environmental factors. For each pair of variables, excluding self-
pairings, a statistical model was constructed to test whether the historical values of one variable could predict 
the future values of another, implementing the Granger causality test at a lag of one variable.

Results
Figure 1 presents the annual course of the 7-day average and anomalous values of air pollutants, meteorological 
factors, and the number of emergency hospital admissions of patients diagnosed with COPD in Poland between 
2012 and 2019. Positive/negative anomaly value indicates that given parameter has higher/lower 7-day average 
that day, than the mean value from all years for that day. There were seasonal differences in the air pollution 
levels, values of meteorological factors, and the number of hospital admissions (Fig. 1). A drop in air pollution 
levels and the number of hospital admissions was observed in 2019, compared to previous years.

Fig. 1.  The annual course of 7-day average and anomalous values of air pollutants, meteorological factors and 
the number of emergency hospital admissions of patients diagnosed with COPD, Poland, 2012–2019.
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Associations between air pollution and emergency hospital admissions
There were statistically significant correlations (p < 0.001) between air pollutants 7-day averages analyzed in this 
study and 7-day averages emergency hospital admissions of patients diagnosed with COPD (Fig. 2).

Exposure to all air pollutants resulted in an increased number of emergency hospital admissions on the days 
of exposure as well as in the subsequent days (Fig. 2 and Supplementary Table S3). The greatest correlations were 
r = 0.58 and day lag = 5 days for PM10, r = 0.63 and day lag = 20 days for PM2.5, r = 0.73 and day lag = 20 days 
for SO2, r = 0.57 and day lag = 25 days for NO2 and r = 0.51 and day lay = 30 for NOx (Fig. 2 and Supplementary 
Table S4).

The analysis showed that with the best matching coefficient, the multi-year variation of emergency admissions 
of patients diagnosed with COPD can be described by the variation of SO2 concentration. As SO2 pollution 
increases, there is also an increase in the number of hospitalizations for women, with a shift of 20 days (r = 0.73), 
and for men, with a shift of 19 days (r = 0.71).

The local variation in PM 2.5 concentration levels describes up to 65% of the variation in COPD patient 
emergency admissions, with a much more pronounced (m-shape, with a second smaller peak) for the women, 
and the effect of increased admissions evident after just 10 days of exposure to fine dust, compared to 20 days in 
the male group (Fig. 2 and Supplementary Tables S4 and S5).

The association of hospitalization with NO2 and NOx variation occurred respectively at r = 0.58 and r = 0.53 
for women and r = 0.55 and r = 0.49 for men, with a lag of up to 30 days.

The greatest associations between air pollution levels and emergency admission were observed among 
patients aged 60–79 years (Fig. 2 and Supplementary Tables S6-8).

The weakest associations, although also statistically significant, are for the group of the youngest patients, 
aged 40–59. The greatest associations and earlier peaks were observed among urban inhabitants when 
compared to rural inhabitants (Fig. 2 and Supplementary Tables S9 and S10). For particular matters, the highest 
hospitalization rates were observed just 5 and 7 days after exposure to increased PM10 and PM2.5 values for 
patients from urban areas, while after 21 days for patients living in rural areas.

Associations between meteorological factors and emergency hospital admissions
There were statistically significant correlations (p < 0.001) between all meteorological factors 7-day averages 
analyzed in this study and 7-day averages emergency hospital admissions of patients diagnosed with COPD 
(Fig. 3).

Fig. 2.  Associations between 7-day average daily air pollution levels and the 7-day average number of 
emergency hospital admissions of patients diagnosed with COPD.
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The greatest correlations were r =  − 0.78 and day lag = 19  days for maximum air temperature (Tmax), 
r =  − 0.79 and day lag = 19 days for minimum air temperature (Tmin), r =  − 0.57 and day lag = 22 days for day-to-
day thermal change (dTc), r = 0.42 and day lag = 30 days for relative humidity (Rh) and r = 0.40 and day lay = 14 
for wind speed (Ws) (Fig. 3 and Supplementary Table S7).

Emergency hospital admissions of patients diagnosed with COPD presented a negative trend with air 
temperature extremes (Tmax and Tmin) as well as with the daily changes in mean air temperature (Fig. 3 and 
Supplementary Table S4). For women, the variability of COPD hospitalization can be described as high as 80% 
in relation to changes in maximum and minimum daily air temperature, with a shift of 18 days (Supplementary 
Table S4). The increase in the number of patients hospitalized for COPD can be explained by the variation in 
humidity conditions of up to 47% and 37% and the delay of up to 30 days after humidity growth, respectively in 
the group of men and women urgently admitted to the hospital.

Similarly to air pollution exposure, the greatest associations between meteorological factors and emergency 
admission were observed among patients aged 60–79  years (Fig.  3 and Supplementary Tables S6-S8) and 
the greatest associations and earlier peaks were observed among urban inhabitants when compared to rural 
inhabitants (Fig. 3 and Supplementary Tables S9 and S10).

Emergency admissions of patients from urban areas presented a negative trend with air temperature extremes 
(Tmax, Tmin) as well as with the daily changes in mean air temperature—at a similar level as in the general 
population—as high as 80% concerning changes in maximum and minimum daily air temperature, with a shift 
of 18 days—similarly as for women (Fig. 3). The largest difference concerns the correlation coefficient of the level 
of emergency hospital admissions with relative air humidity: r = 0.49 for patients from urban areas and r = 0.33 
for patients from rural areas (Fig. 3 and Supplementary Tables 9 and 10).

Complex interactions between air pollutants, maximum air temperature, and emergency 
hospital admissions
Complex interactions between 7-day averages emergency hospital admission, SO2 levels, and maximum air 
temperature (Tmax) values are presented in Fig. 4. Where frequencies for each three ratio variables range from 
0 to 100%. The top row presents relationships between Tmax and SO2 (left side), Tmax and hospitalizations 
(middle), and hospitalizations and SO2 (right side). The bottom part of Fig. 4 presents the ternary plot of those 
three variables.

The very low number of emergency hospital admissions, highlighted with blue colors (right-titled lines, 
bottom axis), are related mainly to low levels of SO2 up to 5% (horizontal lines, right axis) as can also be seen 
on the top right plot. High values of Tmax, from 60 to 100% of values (left-tilted lines, left axis) are also present 
mainly with low levels of SO2 up to 20% of SO2 values, as can be seen also on the left upper panel (Fig. 4). The 
majority of the highest number of hospital admissions (red dots) can be found mainly between 10 and 40% of 
Tmax and from 20 to 60% of SO2 values indicating a close to the linear relationship between hospitalizations and 

Fig. 3.  Associations between 7-day average daily values of meteorological factors and the 7-day average 
number of emergency hospital admissions of patients diagnosed with COPD.
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Tmax, but more exponential one between hospitalization and SO2 (Fig. 4). Similar interactions, but not as strong 
can be seen for PM2.5 levels (Fig. 5).

Granger causality analysis—potential predictive relationships between various smoothed 
variables derived from meteorological and pollution data
Potential predictive relationships between the 7-day average and anomalous values of air pollutants, 
meteorological factors, and the number of emergency hospital admissions of patients diagnosed with COPD are 
presented in Fig. 6.

Air pollutant levels and emergency hospital admissions were significantly influenced by changes in thermal 
conditions, especially as expressed in the values of the highest and lowest daily air temperature (Fig. 6). Change 
in minimum temperature may be the best predictor of changes in other environmental elements and emergency 
hospital admissions, although for patients aged 80 years and over more accurate would be a change in maximum 
temperature (Fig. 6). The strongest association between changes in air pollutant levels and hospital admissions 
was observed for SO2, PM2.5, and PM10, respectively. Analysis of the average variability of these factors across 
Poland was the best predictor of upcoming changes in the need for urgent hospital care for COPD patients 
(Fig. 6).

Discussion
This nationwide analysis confirmed that elevated levels of particulate and gaseous air pollutants as well 
as variations in meteorological factors are associated with an increase in the number of emergency hospital 

Fig. 4.  Complex interactions between 7-day average SO2, maximum air temperature and emergency hospital 
admissions—ternary plot.
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admissions of patients diagnosed with COPD. SO2 levels and temperature variations (especially Tmax and 
Tmin) were the most important factors associated with emergency hospital admissions. Sulphur dioxide has 
a demonstrated strong irritant effect on the respiratory tract, and interestingly, a higher rate of respiratory 
problems after exposure to SO2 was also found in regions of the world with a different climate profile. In the 
work of Phaswan et al. (published in 2022) a preceding 5-day average SO2 exposure had the largest loss (7.5 L/
minute) in PEFR in young patients from South Africa36. Women diagnosed with COPD as well as inhabitants 
of urban areas showed stronger and faster responses to changes in environmental elements (air pollution levels 
and meteorological factors). The group of patients aged 60–79 showed the strongest increase in the number of 
emergency hospitalizations in response to changes in environmental conditions.

Associations between air pollution and hospitalizations of patients with COPD were documented in several 
studies from Poland12, Germany15, Italy17, England26 and China13,16. In a time‑stratified, case‑crossover study 
(2011–2018) concerning 26,948 hospital admissions due to COPD exacerbations in 3 largest urban agglomerations 
in Poland, Dąbrowiecki et al. showed that PM2.5, PM10, NO2, and SO2 levels were associated with an increased 
risk of COPD exacerbations that needed hospitalization12. Dąbrowiecki et al. reported a peak with 10-day lag 
for PM2.5 and PM10 exposure and no lag for SO2 and NO2 exposure12. In this study, a nationwide data on all 
emergency hospital admissions of patients with COPD were used. In line with the study by Dąbrowiecki et al., 
imissions of PM2.5, PM10, SO2, NO2, and NOx were significantly associated with the number of emergency 
hospital admissions of patients with COPD. However, in this study, different day lags were observed when 
compared to Dąbrowiecki et al., including 5 days vs. 10 days for PM10, 20 days vs. 5 days for PM2.5, 20 days 
for SO2 and 25 days for NO2 vs. no day lag in study by Dąbrowiecki et al.12. Differences between this study and 

Fig. 5.  Complex interactions between 7-day average PM2.5, maximum air temperature and emergency 
hospital admissions—ternary plot.
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the study by Dąborwiecki et al. may result from the fact that in this study nationwide data were used (including 
urban and rural inhabitants), compared to 3 largest urban agglomerations in a study by Dąbrowiecki et al.12. 
Moreover, in this study separated analyses by sex, age, and place of residence were presented.

Hoffmann et al. showed that exposure to NO2 in the metropolitan area of Berlin (Germany) was associated 
with an increased risk of COPD exacerbation15. In the study by Hoffmann et al. there were no associations 
between ozone exposure and particulate air pollutants (PM2.5 and PM10) and risk for COPD exacerbation15. 
Pini et al. showed that among 431 COPD patients in Brescia (Italy), both PM2.5 and PM10 exposures were 
significantly associated with the risk of COPD exacerbation and hospital admission17. Cheng et al. based 
on 4014 hospital admissions for COPD in Jijan (China) between 2014 and 2020, showed that SO2 and NO2 
exposure was associated with increased risk of hospital admission16. In the study by Cheng et al. there were no 
associations between PM2.5, PM10, CO, and ozone levels and risk of hospital admission16. Moreover, Cheng et 
al. reported that the health effects of increased SO2 concentration were stronger in women16, which is in line 
with the data presented in this study. In a nationwide case-crossover study in England (2007–2018) published by 
Konstantinoudis et al., the association between ambient heat exposure and COPD hospitalizations was reported26. 
Konstantinoudis et al. reported a 1.47% increase in the COPD-related hospitalization risk for every 1 °C increase 
in temperatures above 23.2 °C26. In this study, temperature variations were also identified as important factors 
associated with the risk of emergency hospital admission. There are limited data on meteorological factors and 
COPD hospitalizations25,26 so direct comparisons with other studies are unavailable.

Among all EU member states, Poland is the country with one of the highest levels of air pollution10. Data on 
emergency admissions of patients with COPD were driven from the nationwide registry, so different populations 
and regions of the country were included in this analysis. Compared to previously published data, this study also 
presented a separated analysis by sex, age, and place of residence. Epidemiological data showed that there is a 
growing COPD burden in females, and sex differences in COPD incidence and mortality are blurring27. Findings 
from this study showed that women diagnosed with COPD had stronger and faster responses to changes in 
air pollution levels and variations of meteorological factors. This observation is in line with epidemiological 
data on the growing COPD burden in women27. As expected, the lowest associations between environmental 
factors and emergency hospital admissions were observed among the youngest patients (40–59 years). COPD is 
a progressive chronic disease, so younger patients may present mild to moderate COPD and are less vulnerable 
to exacerbations1,14. The greatest associations were observed among COPD patients aged 60–79, which may 

Fig. 6.  Possible relationships between 7-day average values of air pollutants, meteorological factors and the 
number of emergency hospital admissions of patients diagnosed with COPD, Poland, 2012–2019.
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partially result from the fact that this age group is the most numerous as well as due to the clinical course of the 
disease1,14. Age is a risk factor for COPD as well as may influence worse psychological and clinical outcomes, so 
older adults with COPD are at higher risk of exacerbation in response to air pollution exposure14.

Urban inhabitants are generally exposed to higher levels of air pollution, e.g., related to urban traffic and 
industrialization37,38. In this study, urban inhabitants showed stronger and faster responses to changes in 
environmental elements. This observation underlines the need to strengthen local interventions related to the 
mitigation of air pollution emissions as well as the implementation of policies related to healthy and sustainable 
cities39,40.

The complex interactions between emergency hospital admission, SO2 levels, and maximum air temperature 
(Tmax) values were presented that pose an attempt to visualize the complexity of environmental research and 
the multifactorial nature of health events related to respiratory health. SO2 levels, followed by PM2.5 and PM10 
levels were the best predictors of further increase in the emergency hospital admissions of patients diagnosed 
with COPD, so monitoring of these air pollutants may be used to forecast utilization of healthcare resources 
related to respiratory care.

This is the first nationwide study analyzing associations between air pollution, meteorological factors, and 
emergency hospital admissions of patients diagnosed with COPD. Findings from this study indicate an urgent 
need to improve the quality of air in Poland as with an increase in air pollution levels, an increase in the number 
of emergency hospital admissions was observed10. Moreover, data presented in this study may pose a basis for 
developing early warning systems that will inform patients and healthcare providers about weather conditions 
that may be associated with the higher number of emergency hospital admissions of patients with chronic 
respiratory diseases.

Limitations
This study has typical limitations for correlation analysis41. Moreover, this nationwide analysis was limited to 
one respiratory disease – COPD that was identified using ICD-10 code J4429. In some studies, other ICD-10 
codes like J42, and J43 were used to identify patients with COPD42. However, ICD-10 code J44 was also used in 
other studies on COPD and air pollution in Poland12. The scope of analysis was limited to 5 air pollutants and 
5 meteorological factors selected based on literature review and data availability7,12,13,15–17,25,26. Further studies 
may include a wider range of air pollutants, as well as regional differences mediated by other e.g., socioeconomic 
factors. Conversely for a given sample, the number of patients narrowed down to a specific medical indication 
may be too small to make qualitative statistical inferences. The number of stations that measured air quality 
and synoptic characteristics over Poland was moderate; their location may not fully reflect local specifics, so the 
results should be treated at a general level. Further analyses may include more extended data on environmental 
factors.

In conclusion, this study confirmed significant associations between air pollution levels, meteorological 
factors, and the number of emergency hospital admissions of patients diagnosed with COPD. Variation of SO2 
levels has the greatest association with emergency hospital admissions. Among patients urgently admitted to the 
hospital with COPD, women, individuals aged 60–79, and inhabitants of urban areas were more vulnerable to 
the health impact of ambient air pollution exposure and meteorological factors variation. Complex relationships 
between SO2 levels and temperature variation indicate the interaction of these environmental factors that may 
have significant health effects in patients with respiratory diseases.

Data availability
The datasets generated during and analysed during the current study are available from the corresponding au-
thor on reasonable request.
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