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Abstract 

Building upon our previous research conducted at weekly and monthly intervals, this study investigates the yearly dynamics of 

weather conditions and air quality on respiratory diseases, specifically tailored to Faial Island in the Azores. Expanding our 

analysis to a yearly basis allows for a more comprehensive understanding of long-term trends and seasonal variations in hospital 

admissions. Drawing upon extensive daily data spanning from 2008 to 2019, sourced from the Statistics Service of Hospital da 

Horta, the Meteorological Observatory Príncipe Alberto de Mónaco, and the Air Quality Monitoring Network of the Azores, we 

examined the differentiated relationships between yearly meteorological variables, such as temperature, dew point, and wind 

direction, and respiratory health outcomes. Additionally, we explored the persistent influence of air quality indicators, including 

suspended particulate matter with an aerodynamic diameter of 10 micrometers (µm) or less (PM10), sulfur dioxide (SO2), 

nitrogen dioxide (NO2), and ozone (O3), across different seasons and years. By incorporating yearly data into our analysis, this 

study aims to provide a comprehensive and nuanced understanding of the interplay between environmental factors and 

respiratory disease hospitalizations, thereby informing targeted interventions and public health strategies in insular regions. The 

principal component analysis (PCA) applied to the yearly data reveals interesting correlation patterns between meteorological 

variables and hospitalizations for respiratory diseases such as asthma, pneumonia, and rhinitis. Hospital admissions were found 

to increase during periods of lower temperatures and smaller temperature amplitudes, suggesting that prolonged cold conditions 

may exacerbate symptoms of these diseases. Additionally, atmospheric pollutant concentrations, such as suspended particles 

PM10, SO2, NO2, and O3, significantly varied across seasons, with a notable influence on the exacerbation of respiratory 

diseases. In insular regions like the Azores, these findings highlight the importance of targeted public health strategies to mitigate 

the impact of environmental factors on respiratory health. 
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1. Introduction 

Climate and health are interconnected. Climate change, 

variability and extreme weather events have severe and com-

plex impacts on our health and well-being. [1] according to 

World Meteorological Organization only 23% of Ministries of 

Health use meteorological information to monitor climate 

sensitive health risks. It is commonly acknowledged by sev-

eral authors that weather conditions and air quality play a 

crucial role in the onset and worsening of respiratory ailments, 

but the exact mechanism is not clear [2-4]. Considering the 

study [5], the adverse effects of climate change on health will 

be manifested through various distinct interactions. There is 

substantial evidence, as indicated in reference [6], demon-

strating a significant association between exposure to PM2.5 

and cardiovascular and respiratory disease morbidity [7, 8], 

and mortality [9-12]. Fluctuations in humidity and tempera-

ture, but not barometric pressure, appear to influence emer-

gency department visits for pediatric asthma function, refer-

encing the study [13]. One theory proposes that cold air 

conditions result in dehydration within the airways, triggering 

inflammation and subsequently leading to asthma attacks, 

cited in the study [14]. Another theory proposes that the 

combination of cold and dry air escalates the evaporation of 

surface fluid in the airways, considering the study [15]. Also, 

research indicates that fluctuations in certain weather param-

eters such as temperature or humidity may induce airway 

inflammation in individuals with asthma, according to the 

study [16]. Moreover, numerous studies suggest that extreme 

temperatures (both cold and hot) and high winds can elevate 

the risk of hospitalizations among asthma sufferers [17, 18]. 

In the contrary, other authors found no correlation between 

weather variables and asthma hospitalizations, according to 

the study [19]. Although studies are developed based on 

laboratory experiments, most of them are based on the de-

termination of statistical relationships between these atmos-

pheric parameters and hospital admissions (visits to hospital 

services: emergency and admissions. On the other hand, 

inconsistencies in methodological approaches and different 

statistical analyses shown in the vast literature, excluding 

justifications of physical and physiological aspects, do not 

recommend procedures or suggest practice. In the case of 

asthma, considering the study [20], most studies conducted 

are based on a small number of meteorological (air tempera-

ture and relative humidity) and air quality (particulate matter 

and pollens) parameters. Moreover, concerning asthma and, 

according to the typical patterns of incidence and prevalence 

of this disease [21] studies are almost always related to certain 

age groups (children versus adults) and sometimes sex (fe-

male versus male) [18-23]. Global mortality from respiratory 

diseases has been increasing consistently over the last 20 

years, constituting the third leading cause of death after cir-

culatory system and malignant tumors. The increase in res-

piratory mortality is notable from the nineties onwards, con-

trasting with the opposite trend observed in diseases of the 

circulatory system, taking into account the study [24]. 

The publication Health Indicators 2013 - 2018 of the Re-

gional Health Secretariat of the Azores [25] indicates that 

respiratory system diseases are the third cause of death in the 

Azores region after circulatory system diseases and neo-

plasms. In the publication we also found complementary 

information on the distribution of deaths by the age group 

revealing an increase in the number of deaths from 60 years of 

age and especially above 75 years of age. This trend has a 

clear contribution from pneumonia and the so-called "other 

Chronic Lower Airway Diseases" but is not so evident in the 

case of asthma (or "other Chronic Lower Airway Diseases: 

Asthma and Asthmatic Malaise"). On the other hand, it is 

suggested that in the younger age groups (< 15 years) and 

childhood (< 5 years), the number of cases is residual and by 

comparison with the older ones (> 60 years). 

This demographic insight underscores the urgency of un-

derstanding and addressing the factors contributing to respir-

atory diseases in the Azores region. In a previous study [26], 

our group conducted both a weekly and monthly analysis of 

hospitalization rates for respiratory conditions, revealing 

distinct seasonal trends. Asthma-related admissions peaked 

during winter months when temperature fluctuations were 

minimal, indicating a correlation with colder temperatures 

and narrower thermal amplitudes. Conversely, lower asthma 

cases coincided with higher average daily wind speeds during 

summer, suggesting a potential association with airborne 

particulate matter stirred by wind. Similarly, pneumonia cases 

exhibited a seasonal pattern, reaching a peak in late winter 

when dew point values were lower, hinting at a relationship 

with specific humidity levels. While rhinitis cases did not 

exhibit a clear seasonal pattern, notable peaks were observed 

in late winter and late spring. Minimum temperature analysis 

revealed a correlation with rhinitis cases, with colder days 

potentially exacerbating the condition. However, the reasons 

behind the seasonal variations in rhinitis cases remain unclear. 

Considering the demographic trends and seasonal patterns 

uncovered in our previous study, our current investigation is 

also motivated by the observable effects of global climate 

change in the Azores region, such as rising carbon dioxide 

(CO2) levels and extreme weather events like droughts and 

heavy precipitation, according to the study [27]. Changes in 

atmospheric pressure and wind patterns, particularly in the 

intensification of the North Atlantic Subtropical Anticyclone, 

are indicative of broader climatic shifts, referencing the study 

[28]. These changes, including decreased wind speeds and 

alterations in cloud patterns, could have significant health 

implications, underscoring the importance of understanding 

and addressing them effectively, according to the study [28]. 
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The impact on human health will be significant depending on 

our knowledge and prepared-ness to face them, cited in the 

study [28]. 

2. Methods 

2.1. Study Location 

In the subtropical North Atlantic, the Azores archipelago is 

greatly shaped by the Azores High, a semi-stationary 

high-pressure system dictating weather patterns and air mass 

movements. Moreover, the region's climate is influenced by 

its proximity to the Gulf Stream, a warm ocean current that 

moderates’ temperatures and ensures consistent precipitation. 

Among the Azorean islands, Faial, located at the western 

end of the central group, is notable for its irregular pentagonal 

shape and a population primarily concentrated in Horta city. 

Faial covers approximately 172.43 km², cited in the study 

[26]. 

The Azores Archipelago has a temperate oceanic climate 

characterized by low thermal amplitude (average temperature 

values vary between 14°C and 18°C in coastal regions and 

between 6°C and 12°C in the highland), high humidity, per-

sistent winds, and significant seasonal and interannual varia-

bility in precipitation, according to the study [29]. 

2.2. Data Sources 

The hospitalization data analysis in this study focuses on 

the daily access to the emergency and admissions at Horta 

Hospital. Utilizing epidemiological, meteorological, and air 

quality data spanning from 2008 to 2019, the study examines 

patterns and trends related to respiratory conditions. The 

epidemiological dataset includes daily records of hospitaliza-

tions, encompassing visits to the emergency department, for 

individuals diagnosed with respiratory ailments such as 

asthma, pneumonia, and rhinitis. These data were sourced 

from the statistical services of Horta Hospital on Faial Island. 

Meteorological da-ta, including variables like temperature, 

humidity, and atmospheric pressure, were collected from an 

automated weather station located at the Principe Albert de 

Monaco Observatory, also situated on Faial Island. This 

weather station is part of the surface meteorological network 

operated by the Portuguese Institute of the Sea and Atmos-

phere (https://www.ipma.pt). Air quality data were obtained 

from the Espalhafatos station located on Faial Island, which is 

part of the air quality monitoring network operated by the 

Region of the Azores: 

http://qualidadedoar.azores.gov.pt/DadosValidados.aspx. 

2.3. Data Analysis 

For the analysis of the influence of atmospheric condi-

tions on respiratory diseases, comprehensive time series 

analyses were conducted. This included the preparation of 

time series data for box plots and normalized variables, 

allowing for a detailed examination of trends and variability 

over time. Additionally, principal component analysis (PCA) 

was employed to identify the main components of variation 

in the data and their relationship to respiratory disease out-

comes. 

All graphical representations presented in our analysis, in-

cluding the box-whisker plots, were meticulously created 

using MS Excel. 

3. Results 

This study analyzed the number of daily admissions to the 

Hospital da Horta on Faial Island for respiratory diseases, 

including asthma, pneumonia, and rhinitis, over the period 

from 2008 to 2019. The data revealed significant variations in 

hospitalization rates across different years and age groups, 

influenced by both meteorological conditions and air quality 

factors. 

3.1. Overview of Hospital Admissions for 

Respiratory Diseases 

 
Figure 1. Normalized series of the average annual number of ad-

missions with respiratory diseases in the Hospital da Horta, for the 

period from 2008 to 2019. 

From 2008 to 2019, the highest number of respiratory dis-

ease hospitalizations (RDH) was recorded in 2010, particu-

larly among children under five years of age (RDS<5), as 

shown in Figure 1. This peak underscore the heightened 

vulnerability of this age group to respiratory infections during 

that year. Following 2010, a steady decline in RDH suggests 

improvements in pediatric healthcare or changes in environ-

mental factors influencing this demographic. In contrast, 2019 

saw the lowest RDH rates, especially among those over 60 

years old (RDS>60), which may indicate enhanced healthcare 

management or shifts in environmental conditions impacting 

respiratory health in older adults. Figure 1 also highlights 

fluctuations in RDH over the years, with notable peaks ob-
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served in 2010, 2016, and 2017. However, the trend for the 

RDS>60 group does not show a consistent increase, reflecting 

variability rather than a clear upward or downward pattern. 

The RDS<5 group, on the other hand, demonstrates a signif-

icant and sustained reduction in hospitalizations since 2010, 

suggesting marked improvements in managing respiratory 

health within this vulnerable population. 

3.2. Asthma Hospitalizations 

Asthma hospitalizations have shown distinct trends over 

the years, with noticeable fluctuations among different age 

groups. From 2008 to 2019, there were significant peaks in 

hospital admissions, particularly in 2008 and 2017, reflect-

ing periods of increased asthma cases. This pattern is espe-

cially pronounced among older adults (ASTHMA>60), who 

experienced notable surges in hospitalizations, likely influ-

enced by demographic changes on Faial Island and envi-

ronmental factors such as climate shifts and air quality 

variations. 

In contrast, the data for children under five years 

(ASTHMA<5) indicate consistently low hospitalization rates, 

with minimal variability over the years. This suggests that 

asthma has had a relatively lower impact on this age group, 

possibly due to effective management practices or a lower 

prevalence of the condition. 

 
Figure 2. Normalized series of the average annual number of ad-

missions with asthma in the Hospital da Horta, for the period from 

2008 to 2019. 

Since 2017, there has been a general decline in asthma re-

lated hospitalizations across all age groups, reaching the 

lowest levels in 2019. This reduction may be attributed to 

improved asthma management strategies, enhanced air quality, 

or other preventative measures that have helped to mitigate 

exacerbations. The decrease in pediatric hospitalizations 

further points to advancements in managing asthma among 

children, reflecting the success of targeted health interven-

tions. 

Conversely, the rise in hospital admissions among older 

adults highlights the need for specialized healthcare strategies 

to address the unique challenges faced by this demographic. 

The observed trends emphasize the importance of continued 

research and adaptive public health policies to effectively 

manage asthma and reduce its impact across different age 

groups. 

The data reveals a complex and evolving picture of asthma 

hospitalizations, necessitating focused efforts to ensure that 

both young and older populations receive the necessary care 

and resources to manage their condition effectively. 

3.3. Pneumonia Hospitalizations 

The data on pneumonia-related hospitalizations reveals 

several important trends. As shown in Figure 3, total admis-

sions for pneumonia peaked in 2016, followed by a noticeable 

decline in subsequent years, reaching the lowest level in 2019. 

This decline may suggest the impact of milder winters, re-

duced exposure to risk factors, or improved preventive 

measures, such as vaccinations. For children under five, 

admissions peaked in 2014, indicating their high susceptibil-

ity to pneumonia due to developing immune systems. Simi-

larly, older adults experienced the highest admissions in 2016, 

with a significant decrease by 2019, possibly reflecting im-

provements in preventive healthcare measures. Overall, the 

decline in pneumonia cases among young children and the 

elderly points to better healthcare practices and interventions 

across all age groups. 

 
Figure 3. Normalized series of the annual average number of hos-

pitalizations with pneumonia in the Hospital da Horta, for the 

period 2008. 

3.4. Rhinitis Hospitalizations 

The data on rhinitis admissions in Figure 4 reveal distinct 

trends across age groups. Overall admissions for rhinitis were 

lower than for other respiratory diseases, peaking in 2008 and 

showing a rising trend from 2011 onwards.  
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Figure 4. Normalized series of the annual average number of hos-

pitalizations with rhinitis in the Hospital da Horta, for the period 

2008. 

This increase may be due to greater exposure to allergens or 

environmental changes affecting rhinitis prevalence. For 

children under five, peaks in 2008 and 2019 suggest height-

ened sensitivity to environmental changes or allergens. 

Among older adults, the highest admissions were in 2008, 

with a gradual rise from 2011 indicating increased sensitivity 

to environmental factors. The steady rise in rhinitis admis-

sions across all age groups since 2011 suggests a growing 

impact of environmental factors potentially linked to climate 

change, urbanization, and air pollution on allergic respiratory 

conditions. These observations emphasize the need for tar-

geted public health strategies to address the evolving land-

scape of respiratory health and mitigate the impact of envi-

ronmental factors on allergic conditions. 

3.5. Meteorological Conditions and Their 

Impact 

3.5.1. Temperature 

Meteorological data from the period showed that daily 

minimum temperatures remained relatively stable. Maximum 

temperatures exhibited a slight upward trend, indicating an 

overall warming pattern in daily maximum temperatures. 

The analysis of Figure 5 (up) reveals notable trends in daily 

temperature patterns from 2008 to 2019. Mean (Tm), maxi-

mum (Tmx), and minimum (Tmn) daily temperatures show 

distinct yet interconnected behaviors throughout this period. 

While minimum temperatures remained relatively stable, the 

maximum temperatures exhibited a slight upward trend, 

suggesting an overall warming pattern. This increase in Tmx, 

alongside the stability of Tmn, indicates a narrowing thermal 

amplitude, which reflects reduced variability in daily tem-

perature fluctuations. 

 

 
Figure 5. Normalized series of annual averages of mean (Tm), 

maximum (Tmx) and minimum (Tmn) daily temperatures (up) and 

daily thermal amplitude (Tha) (down) observed at the meteorologi-

cal station of Príncipe Alberto do Monaco Observatory (Horta), for 

the period 2008 to 2019. 

During 2010-2011, there was a significant rise in maximum 

temperatures, peaking sharply while minimum temperatures 

showed minimal change. This pattern points to a period of 

increased daytime heat, which could be linked to broader 

climatic influences. A contrasting phase occurred in 

2014-2015, where all temperature measures dipped, indicat-

ing a cooler period. The years following, from 2016 to 2018, 

showed a synchronized upward trend across all temperature 

metrics, highlighting a warming phase with a marked increase 

in both daily mean and maximum temperatures. 

The overall stability in minimum temperatures suggests 

less night-time cooling variability, while the upward trend in 

maximum temperatures points to warming days. This com-

bination could have various implications, such as reducing the 

frequency of cold-induced health issues but potentially in-

creasing heat-related risks. The narrowing thermal amplitude, 

due to the reduced difference between daytime and nighttime 

temperatures, may limit the body’s ability to adapt to rapid 
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environmental changes, impacting respiratory and cardio-

vascular health. 

These findings suggest a broader climatic trend toward 

warmer conditions and less variability in daily temperatures, 

underscoring the need for public health strategies that address 

the evolving impacts of climate change on health and 

well-being. 

In Figure 5 (down), the focus is on the daily thermal am-

plitude (Tha), maximum temperature (Tmx), and minimum 

temperature (Tmn) over the period from 2008 to 2019. The 

graph illustrates how these variables have fluctuated relative 

to their long-term averages. 

During 2010-2011, Tmx saw a pronounced increase, in-

dicating higher daytime temperatures, while Tmn remained 

relatively stable. This suggests that the increased daytime 

heat did not significantly affect nighttime cooling. In con-

trast, during 2014-2015, all temperature measures dipped, 

suggesting a cooler phase with a reduction in both maximum 

and minimum temperatures and a narrower thermal ampli-

tude. 

The subsequent period from 2016 to 2018 shows a syn-

chronized upward trend across all three metrics. This phase of 

warming is marked by increases in daily maximum and 

minimum temperatures as well as a rise in the thermal am-

plitude, suggesting more pronounced day-night temperature 

differences. The stability in Tmn during this period indicates 

that the increase in minimum temperatures was less volatile 

compared to the maximum temperatures. 

These fluctuations in thermal amplitude (Tha) highlight the 

evolving temperature dynamics, with greater day-night con-

trasts influencing environmental and health outcomes. In-

creased thermal amplitude can strain the body’s ability to 

adapt, particularly affecting those with pre-existing respira-

tory conditions. 

The observed rise in maximum temperatures and reduced 

variability in minimum temperatures can exacerbate respira-

tory issues. Higher daytime temperatures contribute to 

worsening air quality by increasing levels of pollutants like 

ground-level ozone and particulate matter, which are known 

triggers for asthma and chronic obstructive pulmonary disease. 

Additionally, the stability in minimum temperatures may limit 

nocturnal recovery from daytime heat, leading to prolonged 

respiratory distress. 

The combination of intensified daytime heat and dimin-

ished nighttime cooling increases the risk of heat-related 

respiratory conditions, particularly during heatwaves. These 

changes underscore the need for public health strategies to 

mitigate the impacts of rising temperatures on respiratory 

health, such as better air quality management and public 

advisories during extreme weather events. Addressing these 

evolving temperature patterns is crucial for safeguarding the 

health and well-being of those most vulnerable to respiratory 

diseases in a changing climate. 

These findings underscore the importance of addressing the 

effects of climate variability on daily temperature patterns and 

their broader impacts on environmental and human systems. 

3.5.2. Precipitation, Humidity, Dew Point, and Wind 

Speed 

Figure 6 (up and down) illustrate the standardized varia-

tions in several weather variables from 2008 to 2019, high-

lighting significant trends and fluctuations that have important 

implications for public health, particularly in relation to 

respiratory diseases. 

 

 
Figure 6. Normalized series of annual averages of daily total pre-

cipitation (Rain), daily averages of relative humidity (Hr) and dew 

point (Td) (up), as well as daily temperature amplitude (Tha) and 

mean wind speed (Ws) (down) observed at the meteorological sta-

tion of Príncipe Alberto do Monaco Observatory (Horta), for the 

period 2008 to 2019. 

Figure 6 (up) shows variations in rainfall, dew point, and 

relative humidity. The data reveals a clear upward trend in 

dew point and relative humidity, particularly after 2015, 

indicating a rise in atmospheric moisture. This increase can 

contribute to higher levels of airborne allergens and pollutants, 

potentially exacerbating respiratory diseases. Rainfall, how-

ever, does not follow a consistent pattern and fluctuates sig-

nificantly from year to year, with notable peaks in 2011 and 

2018 and a sharp decline in 2014. These irregular patterns 

suggest that changes in atmospheric moisture do not directly 
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translate into predictable precipitation trends. Periods of low 

rainfall may lead to higher concentrations of pollutants and 

allergens in the air, while sudden increases in precipitation can 

promote mold growth, posing additional risks for individuals 

with respiratory issues. 

Figure 6 (down) illustrates the variations in daily average 

wind speed and daily temperature range. Wind speed re-

mained relatively stable until 2010 but then showed a marked 

increase, peaking in 2018. While stronger winds can disperse 

pollutants and temporarily improve air quality, they can also 

transport dust and pollen over larger areas, aggravating res-

piratory symptoms for sensitive individuals. Similarly, the 

daily temperature range has shown considerable fluctuations, 

with a marked increase in variability since 2013 and a notable 

peak in 2018. Such temperature swings can be particularly 

challenging for those with respiratory conditions, as sudden 

changes are known to trigger asthma and rhinitis attacks and 

worsen pneumonia symptoms.  

The trends depicted in these figures have direct implica-

tions for respiratory health. Periods of high humidity and 

greater temperature variability, as shown in Figure 6 (up and 

down), often coincide with an increase in hospitalizations 

due to respiratory diseases, particularly among vulnerable 

populations such as the elderly and those with preexisting 

conditions. Higher humidity levels can make it more diffi-

cult for people with asthma to breathe, while fluctuating 

temperatures can exacerbate symptoms of respiratory dis-

eases. 

Daily average wind speed remains relatively stable over 

time, with a few notable spikes, particularly in 2012. From 

2012 onward, both wind speed and the daily temperature 

range show increasing trends, indicating greater variability in 

both wind intensity and temperature fluctuations during the 

observed period. These patterns provide valuable insights into 

the dynamic nature of atmospheric conditions throughout the 

timeframe, reflecting a shift towards more variable and ex-

treme weather events. 

The data presented in these figures highlight the complex 

relationship between changing weather patterns and public 

health. The observed rise in atmospheric moisture, combined 

with increased wind speed and temperature variability, un-

derscores the need for heightened public health awareness and 

preparedness to mitigate the adverse effects of these envi-

ronmental changes on respiratory health. Continuous moni-

toring and research are essential to better understand how 

evolving climate dynamics influence both the environment 

and human health. Public health strategies must adapt to these 

changes to effectively address the rising risks associated with 

respiratory diseases in the context of shifting weather pat-

terns. 

3.6. Air Quality and Respiratory Health 

The analysis of air quality data from 2008 to 2019, as de-

picted in Figure 7 (up and down), provides a detailed view of 

the behavior of key pollutants, including nitrogen dioxide 

(NO2), sulfur dioxide (SO2), ozone (O3), and particulate 

matter (PM10). These trends highlight the effects of regula-

tory measures, environmental conditions, and emissions from 

various sources. Figure 7 (up) shows the annual variations in 

NO2, SO2, and O3 concentrations. NO2 levels exhibit signifi-

cant fluctuations over the years. A sharp peak in 2016 sug-

gests high emissions from traffic and industrial activities, 

followed by a gradual decline that is disrupted by another 

significant increase in 2017. This pattern indicates periods of 

both effective control measures and renewed emissions, 

potentially due to changes in policy or industrial activity. 

After 2018, NO2 concentrations show a marked decline, 

reflecting more consistent regulatory efforts and reduced 

emissions. SO2 levels, also shown in Figure 7 (up), display a 

more irregular pattern. There are notable peaks in 2009, 2014, 

and 2017, which could be attributed to specific industrial 

events or lapses in emission controls. Significant drops in 

2011 and 2012 suggest temporary successes in reducing SO2 

emissions, possibly due to stricter regulations or lower in-

dustrial activity during those years. However, the incon-

sistency in SO2 trends indicates that maintaining low levels 

remains a challenge and requires continuous monitoring and 

intervention. 

Ozone (O3) concentrations, depicted in both Figure 7 (up) 

and Figure 7 (down), show a relatively stable trend compared 

to NO2 and SO2. There is a gradual decline in O3 levels from 

2008 to 2015, suggesting improvements in factors influencing 

ozone formation. After 2015, O3 levels stabilize, with a slight 

increase observed from 2016 onwards, which may be linked 

to changes in meteorological conditions or precursor emis-

sions.  

Figure 7 (down) focuses on the trends for PM10 and O3. 

PM10 concentrations show a steep decline from 2008 to 2010, 

indicating effective measures to control particulate emissions 

from sources such as construction, transportation, and indus-

try. This initial reduction reflects successful implementation 

of air quality policies during that period. However, from 2011 

onwards, PM10 levels remain relatively stable but begin to 

show a slight upward trend towards 2019. This increase could 

be due to a resurgence in particulate emissions, potentially 

linked to changes in traffic patterns.  

These pollutant trends have significant health implications. 

Elevated SO2 levels are associated with increased hospitali-

zations for asthma and pneumonia, while high O3 concentra-

tions can exacerbate allergic conditions such as rhinitis. PM10 

poses a serious risk to respiratory health, especially for vul-

nerable populations like children and the elderly. Although 

there has been a general decline in most pollutants, the occa-

sional surges in NO2 and SO2, along with the recent upward 

trend in PM10, indicate that improvements in air quality are 

not uniform. While the overall trend points towards a reduc-

tion in pollution levels, the irregular behavior of certain pol-

lutants, particularly SO2 and PM10, suggests that more con-

sistent and targeted interventions are necessary. 
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Figure 7. Normalized series of annual averages of concentrations 

of nitrogen dioxide (NO2), sulphur di-oxide (SO2) (up), particulate 

matter (PM10) and ozone (O3) (down), observed at the Espalhafa-

tos air quality station (Faial), for the period 2008 to 2019. 

3.7. Principal Component Analysis (PCA) 

Findings 

Principal Component Analysis (PCA) was utilized to dis-

cern patterns in the data. 

The PCA biplot of Figure 8 illustrates the relationships 

between meteorological variables and their influence on air 

quality and health outcomes (the three diseases in study) 

over the years 2008 to 2019. The two principal components, 

PC1 and PC2, together explain 63.9% of the total variance in 

the dataset, with PC1 accounting for 44.3% and PC2 for 

19.6%. Each year is represented by a coloured dot, and the 

distribution of these points across the plot reflects how 

different years vary relative to each other based on the 

analysed variables. 

PC1, which explains the largest proportion of variance, is 

strongly influenced by temperature-related variables such as 

maximum temperature (Tmx), minimum temperature (Tmn), 

and the daily temperature range (Tmx-Tmn). Years like 2018 

and 2019, which are positioned on the far right of the plot 

along PC1, are associated with higher temperatures and 

greater temperature variability compared to other years. This 

suggests that these years experienced unusually warm condi-

tions, potentially contributing to changes in air quality and 

health outcomes. 

PC2 is primarily influenced by variables such as relative 

humidity (HR), atmospheric pressure (Pnm), and cumulative 

rainfall (Pmm). Years such as 2010 and 2015, which score 

high on PC2, likely experienced conditions with higher 

humidity, pressure, and precipitation. These meteorological 

factors are crucial in understanding the behaviour of air 

pollutants and their impact on health. The analysis of 

pneumonia cases reveals significant relationships with 

various weather-related variables. For instance, the vector 

for pneumonia cases aligns with humidity (HR) and at-

mospheric pressure (Pnm), indicating a positive correlation. 

This suggests that years with higher humidity and pressure 

levels are associated with an increase in pneumonia cases, 

highlighting the interaction between weather conditions and 

respiratory health. 

The direction and length of the vectors in the plot further 

illustrate these relationships. Variables such as HR, Pnm, 

and cumulative rainfall (Pmm), which are closely aligned, 

indicate a strong positive correlation. This means that in-

creases in humidity and atmospheric pressure are linked to 

higher cumulative rainfall and, potentially, greater health 

impacts, like pneumonia. In contrast, temperature-related 

variables (Tmx, Tmn, and Tmx-Tmn) are oriented in the 

opposite direction, suggesting a negative correlation with 

humidity and pressure. This indicates that years with higher 

temperatures tend to have lower humidity, which can in-

fluence the concentration of certain air pollutants, such as 

ozone. These results also suggest that hospital admissions 

appear to be associated with cold days characterized by low 

thermal amplitude, pointing to the potential impact of colder 

weather on respiratory infections. 

Moreover, the principal component analysis (PCA) high-

lighted that admissions for pneumonia were negatively cor-

related with daily temperatures. This suggests that lower 

temperatures and reduced thermal amplitude are linked to 

higher pneumonia admissions, pointing to the potential im-

pact of colder weather on respiratory infections. Together, 

these findings underscore the complex interplay between 

various weather factors and their effects on respiratory health, 

particularly pneumonia. 
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Figure 8. Graphical representation of the first two principal com-

ponents for the set of meteorological variables and for the diseases 

under study, for the years 2008 to 2019. 

 
Figure 9. Graphical representation of the first two principal com-

ponents for the set of air quality variables and for the diseases 

under study, for the years 2008 to 2019. 

Figure 9 illustrates a 2 component PCA plot depicting the 

relationship between various environmental factors and res-

piratory health conditions over the years 2008 to 2019. The 

two principal components, PC1 and PC2, account for 36.7% 

and 21.5% of the variance, respectively, with a combined total 

of 58.2% of the data variance. Each colored point in the plot 

represents data from a specific year, with the colors ranging 

from dark blue for 2008 to pink for 2019. The arrows in the 

plot indicate different variables, including pollutants such as 

PM10, NO2, O3, and SO2, as well as health conditions like 

rhinitis, asthma, and pneumonia. The direction and length of 

each arrow suggests how much each variable contributes to 

the principal components. PM10 and NO2 are strongly asso-

ciated with PC1, indicating their significant impact on this 

component, while O3 and rhinitis are more correlated with 

PC2. Asthma and pneumonia are positioned close to each 

other, showing a negative correlation with PC1 but less so 

with PC2. The yearly data points reveal distinct patterns. The 

years 2008 and 2009 are located far on the positive side of 

PC2, suggesting that these years had unique conditions 

compared to the others. In contrast, 2014 and 2015 cluster 

together with high negative values on PC1, indicating similar 

patterns. The years 2016 and 2017 are closer to the origin, 

representing more average conditions, while 2019 stands out 

on the far positive side of PC1, highlighting a notable change 

in variables like PM10 and NO2. 

The PCA analysis indicates that different pollutants and 

meteorological conditions play distinct roles in influencing 

respiratory health. Lower temperatures and reduced thermal 

amplitude are linked to higher pneumonia admissions, sug-

gesting cold weather as a key risk factor for this disease. High 

levels of SO2 are associated with increased cases of asthma 

and pneumonia, while O3 is linked to rhinitis, indicating the 

significant role of air quality in respiratory allergic responses. 

Interestingly, NO2 shows a negative correlation with respira-

tory diseases, potentially due to complex interactions between 

pollutants. This could be explained by the chemical reaction 

NO2 undergoes in the atmosphere, where it contributes to 

ozone production through photolysis (NO2 + O2 + hν ⟶ NO + 

O2), highlighting the intricate dynamics between air pollutants. 

Despite being a known respiratory irritant, PM10 does not 

appear to significantly influence the diseases under study in 

this analysis. However, its role should not be dismissed, 

especially for vulnerable populations such as children and the 

elderly. The findings emphasize the differential impacts of 

pollutants like SO2 and O3 on respiratory health, underscoring 

the importance of both air quality and meteorological factors 

in understanding health trends. 

The separation of early years (2008, 2009) from more re-

cent years (2018, 2019) suggests significant changes in en-

vironmental conditions and their effects on health outcomes, 

reflecting the complex interplay of pollutants and meteoro-

logical factors in shaping respiratory health. 

Figure 10 provides a comprehensive analysis of the rela-

tionships between various meteorological and air quality 

factors and their impact on respiratory health from 2008 to 

2019. The two principal components, PC1 and PC2, explain 

35.8% and 20.0% of the variance, respectively, together 

accounting for 55.8% of the total variance. The arrows in the 

graph represent different environmental variables and health 

conditions, such as temperature, dew point, humidity, precip-

itation, wind speed, and pollutants like PM10, NO2, and SO2, 

alongside respiratory diseases such as asthma, pneumonia, 

and rhinitis. The direction and length of these arrows indicate 

their contributions to the principal components and their 

correlations with each other. 
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Figure 10. Graphical representation of the first two principal com-

ponents for the set of variables under study, for the years 2008 to 

2019. 

Temperature variables, including maximum, minimum, and 

average temperatures, strongly influence PC1, indicating their 

significant role in shaping respiratory health outcomes. 

Meanwhile, NO2, precipitation, and wind speed show nega-

tive correlations with PC1, suggesting an inverse relationship 

with the diseases under study. The positioning of data points 

for each year reflects different environmental and health 

conditions over time. For instance, 2018 and 2019 are influ-

enced mainly by temperature-related factors, while 2010 and 

2016 are more associated with variables like NO2 and pre-

cipitation. The clustering of certain years, such as 2014 and 

2015, indicates similar conditions, while the positioning of 

years like 2008 and 2012, which are isolated on the positive 

side of PC2, points to unique circumstances affecting those 

periods. 

The analysis suggests that lower temperatures and re-

duced thermal amplitude are associated with higher pneu-

monia admissions, indicating that cold weather is a key risk 

factor for this disease. In contrast, asthma and rhinitis show a 

less direct association with temperature variations but are 

significantly influenced by air quality factors. High levels of 

SO2 are linked to increased hospitalizations for asthma and 

pneumonia, while elevated ozone concentrations are asso-

ciated with rhinitis, highlighting the significant impact of air 

pollution on respiratory conditions. Interestingly, the nega-

tive correlation of NO2 with respiratory diseases suggests 

complex interactions between different pollutants and health 

outcomes. NO2 might not directly contribute to these con-

ditions but could play a role in the formation of other pol-

lutants, such as ozone, which have more pronounced health 

impacts. While higher SO2 levels correlate with increased 

cases of asthma and pneumonia, and elevated ozone levels 

are linked to rhinitis, PM10 does not show a strong direct 

association with the diseases under study, indicating that its 

impact on hospitalizations may be less significant than 

previously thought. 

To further refine the understanding of these findings, ad-

ditional factors could be considered. For instance, examin-

ing lag effects could reveal delayed responses of respiratory 

diseases to changes in environmental conditions, providing a 

clearer picture of the timeline for disease exacerbation. 

Incorporating demographic data, such as age, socioeconomic 

status, and pre-existing health conditions, would help iden-

tify which populations are most affected by these environ-

mental factors. Additionally, including indoor air quality 

data and lifestyle factors, such as smoking or exposure to 

household chemicals, could provide a more complete anal-

ysis of how various exposures contribute to respiratory 

health. 

Exploring long-term trends related to climate change and 

their influence on temperature, pollution levels, and extreme 

weather events would also add depth to the analysis, helping 

to understand how these factors evolve over time. Further-

more, considering interaction effects between variables, such 

as the combined impact of NO2 and O3 or temperature and 

humidity, could offer insights into more complex dynamics 

affecting respiratory health. Incorporating data on healthcare 

access and quality could explain regional differences in dis-

ease outcomes, while controlling for seasonal trends and 

geographical factors like altitude or urban versus rural settings 

could isolate the effects of environmental variables more 

accurately. Cold weather and high levels of SO2 are linked to 

increased pneumonia and asthma cases, while other variables, 

such as wind speed and precipitation, appear less directly 

associated. 

4. Discussion 

The present work carried out for Faial shows the existence 

of relationships between hospitalization patterns and specific 

meteorological (or climatic) factors (air temperature, dew 

point, relative humidity, precipitation, and wind) at annual, 

monthly, and weekly scales. Furthermore, it is evidenced that 

air quality (NO2, SO2, O3 and PM10) may contribute to a 

higher number of individuals with treated respiratory diseas-

es. 

The contribution of this study carried out for the period of 

the most recent years and inserted already in the current 

scenario of climate change study [26], which focuses on the 

areas of health (medicine and hospital management) and 

climate change (impact of global warming on health and 

human comfort). 

The impact of atmospheric factors on human health or, if 

we want to be more specific, their effective contribution in 

triggering and exacerbating certain diseases has been in-

creasingly the target of scientific research for different loca-

tions and with diverse methodologies. Climate change is 

predicted to increase the frequency and intensity of extreme 

weather events, amplifying air pollution levels and exacer-
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bating respiratory diseases, referencing the study [30]. 

Thus, the current state of the art shows us that, although 

there are general aspects that are consensual (for example, air 

temperature influences asthma), there are still other specific 

aspects that need to be known (average or minimum or 

maximum temperature).  

Tha _ Air termal Amplitudeological elements and the var-

ious combinations of these elements constitute com-plex 

variables such as (thermal sensation, effective temperature, 

etc.) that imply a reaction of the body to the environment, 

study [30]. Climate change has wide-ranging, deleterious 

effects on respiratory health. The combustion of fossil fuels 

results in direct health impacts through the release of fine 

particulate matter and other respiratory disease-promoting 

factors, taking into account the study [31]. Children are more 

vulnerable than adults to climate-related health threats, but 

reviews examining how climate change affects human health 

have been mainly descriptive and lack an assessment of the 

magnitude of health effects children face, considering study 

[32]. The world is sitting on the precipice of an ecological and 

health crisis, with temperature, extreme events, and pollution 

continuing to increase as climate change progresses; therefore, 

quantifying the extent to which these phenomena will affect 

child health will stimulate better future health policies and 

clinical protocols, cited in the study [33]. 

For example, childhood asthma and adult-onset asthma are 

known to share many causes and exacerbators, considering 

the study [21]. Although there is stronger evidence for the role 

of environmental factors as exacerbators rather than causes, 

there is growing evidence of interactions between environ-

mental factors and other intrinsic factors, such as genetics and 

atopy, to potentially cause asthma. Air pollution is one of the 

leading causes of respiratory diseases like asthma, study [34]. 

Most childhood onset asthma manifests as an allergic phe-

notype, whereas there is a predominance of the non-allergic 

phenotype in adult-onset asthma. However, both allergic and 

non-allergic asthma can present individual responses to al-

lergic and non-allergic airborne triggers, such as animal 

dander, pollen and mold (fungal) spores, food allergens, 

tobacco smoke or other pollutant exposures, referencing the 

study [21]. 

Finally, we must distinguish the role that meteorological 

factors can play in the disease itself, and in favoring contagion 

in the case of transmittable diseases such as COVID-19, 

influenza, or pneumonia (cold, rainy, or even windy weather 

conditions favor the search for indoor locations often without 

adequate ventilation and where individuals remain in close 

contact for periods long enough for contagion). 

5. Conclusions 

The study findings can be summarized as follows: 

1. Asthma hospital admissions may correlate with colder 

temperatures and reduced thermal amplitudes, indicat-

ing prolonged exposure to colder conditions. 

2. Local suspension of particles by wind, prevalent in 

winter, spring, and autumn, could worsen asthma 

symptoms. 

3. Low dew point conditions favor pneumonia cases, 

while higher dew points may not facilitate their occur-

rence. 

4. Rhinitis shows peaks in late winter and late spring, 

with colder weather potentially worsening symptoms. 

5. Asthma and pneumonia cases are more prevalent in 

winter and spring, characterized by small daily thermal 

amplitudes and lower temperature and humidity levels. 

6. Primary pollutants like NO2 and SO2 in winter and 

spring may contribute to in-creased respiratory disease 

cases, but no clear relationship was found with partic-

ulate matter (PM10). 

7. Except for rhinitis, there has been a negative trend in total 

respiratory disease admissions since 2010, possibly in-

fluenced by meteorological and air quality trends. 

8. Trends over the study period show positive trends in 

air temperature and average wind speed, and negative 

trends in rainfall. Relative humidity and dew point 

show positive trends compared to precipitation. Except 

for NO2, pollutant concentrations show negative 

trends. 

9. Results suggest associations between pneumonia and 

asthma with high SO2 concentrations, positive correla-

tion of surface O3 concentrations with rhinitis cases, 

and negative correlation with NO2. PM10 has a small 

negative correlation with pneumonia. All three diseas-

es correlate with each other as well as with O3 and 

SO2. 

10. Future research should focus on elucidating the control 

mechanisms between environmental and genetic fac-

tors to identify high-risk populations and modifiable 

expo-sures. Large-scale longitudinal studies and con-

trolled laboratory experiments are essential for devel-

oping personalized prevention and treatment strategies. 

Interdisciplinary collaborations are crucial for a com-

prehensive understanding of the complex mechanisms 

underlying respiratory diseases. 

Abbreviations 

FF Wind Speed 

HR Relative Humidity 

NO2 Nitrogen Dioxide 

O3 Ozone 

PCA Principal Component Analysis 

PM10 Particulate Matter with a Diameter of 10 

Micrometers or Less 

Pnmm Mean Sea Level Pressure 

RDH Respiratory Diseases Hospitalizations 

RR Total Precipitation 

SO2 Sulfur Dioxide 

Tam Mean Air Temperature 
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TD Dew Point Temperature 

Tmn Minimum Air Temperature 

Tmx Maximum Air Temperature 

Tha Air Termal Amplitude 
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