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Abstract

Some authors share the same opinion that climatic and environmental parameters are strongly linked to health. This study
investigates the impact of climatic and environmental factors on hypertension, cardiovascular and circulatory system disease
admissions in the Faial Hospital. Faial is in the Azores, an insular region of Portugal. With the rise in global climate variability,
understanding local effects on public health has become increasingly crucial, particularly in insular regions like the Azores. This
research utilizes epidemiological, meteorological, and air quality data from Faial Island, collected from 2010 to 2019, to analyze
the correlation between hospital admissions due to hypertension, circulatory and cardiovascular system diseases and variations in
meteorological parameters (e.g., daily minimum, daily maximum and daily average temperature, relative humidity, wind speed,
thermal amplitude, dew point, average total precipitation and atmospheric pressure at mean sea level) and air pollutants (e.g.,
nitrogen dioxide, sulfur dioxide, ozone and particulate matter with diameter less than ten micrometers). The study uses statistical
methods such as time series analysis, weekly percentile intervals, and principal component analysis (PCA). These methods
reveal a seasonal pattern in hospital admissions related to meteorological conditions and air quality. Specifically, higher rates of
admissions are associated with increased precipitation, wind speed, and temperature fluctuations during winter months. In
contrast, summer shows lower admission rates corresponding to lower humidity and precipitation levels. These findings show
that human health is highly sensitive to air quality and climatic conditions. This highlights the need for adaptive healthcare
strategies amid environmental changes. The insights gained from this study underscore the importance of integrating
meteorological and air quality monitoring into public health planning. Integrating monitoring systems is particularly crucial in
regions facing dual challenges of climate change and limited healthcare resources. Proactive measures like early warning
systems, predictive models, and public awareness campaigns can reduce health risks for vulnerable populations. By addressing
critical knowledge gaps, this study contributes to the growing body of evidence on the interconnections between climate, air
quality, and public health, providing a foundation for region-specific policies aimed at enhancing resilience to environmental
changes. The findings contribute to a deeper understanding of the climate-health relation, offering a framework for developing
region-specific policies to enhance resilience in the face of ongoing global environmental changes.
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1. Introduction

Global climate change has emerged as one of the most
pressing challenges of the 21st century, with profound im-
plications for public health [1, 2]. Climate variability and air
quality are increasingly recognized as significant determi-
nants of public health outcomes. The relationship between
public health and climate change is cyclical: worsening en-
vironmental conditions drive health challenges, and
health-focused climate action can mitigate those impacts.
Addressing these intersections requires a multidisciplinary,
equity-centered approach, recognizing that the health of
people and the planet are intrinsically linked [1]. The interplay
between atmospheric conditions and health-related events has
been explored globally, with studies revealing associations
between meteorological parameters and diseases such as
hypertension, cardiovascular and circulatory diseases condi-
tions [3-5]. These relationships are particularly pronounced in
insular regions, where unique climatic dynamics, limited
healthcare resources, and heightened vulnerability to envi-
ronmental changes amplify their impact [6, 7].

The Azores, an archipelago in the North Atlantic, exem-

plify such a setting. Located at the crossroads of atmospheric
systems like the Azores High and influenced by subtropical
and maritime climates, the islands experience marked varia-
bility in temperature, precipitation, and air quality [8, 9]. In
another regions, the recent evidence on adverse effects of
particulate air pollution on public health has led to more
stringent standards for levels of particulate matter in outdoor
air in the United States and in other countries [10]. Under-
standing how these dynamics affect public health is crucial,
particularly as climate change intensifies environmental
stressors worldwide [11]. Cardiovascular diseases, including
hypertension and circulatory system disorders, are among the
leading causes of morbidity and mortality globally, with
environmental factors playing a significant role in their eti-
ology and exacerbation [12, 13]. In the Azores, data from the
Regional Department of Health and Sports show that the
leading cause of death is diseases of the circulatory system
[14]. Table 1 presents the number of deaths for the four dis-
eases that have the highest numbers.

Table 1. Total Number of Deaths, by Cause of Death. Source: RSHS, 2022.

Number of cases/Year 2013
Neoplasms 617
Circulatory System Diseases 743
Respiratory System Diseases 333
Endocrine, Nutritional and Metabolic Diseases 179
Total 2443

For the years between 2013 and 2019, deaths attributed to
circulatory system diseases contributed between 30% and
32.8% of total deaths.

The link between air pollutants and increased risk for car-
diovascular events is supported by animal models but the
exact underlying mechanism is still not known, and many
theories have been proposed [15]. Low temperatures, large
diurnal thermal amplitudes, and high relative humidity have

2014 2015 2016 2017 2018 2019
563 576 598 594 656 663
762 777 790 718 688 705
335 276 312 274 295 234
144 161 140 152 151 121
2315 2305 2408 2246 2295 2271

been linked to increased hospital admissions for cardiovas-
cular conditions [16-18]. Additionally, air pollutants such as
NO,: nitrogen dioxide, SO,: sulfur dioxide, and PM10: par-
ticulate matter smaller than 10 pm have been shown to ag-
gravate these conditions by inducing systemic inflammation
and oxidative stress, this result has been discussed in previous
studies [19, 20]. Air quality is important for the protection of
human health, the environment and our cultural heritage and it
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is an issue that will acquire increased significance in the future
due to the adverse effects of climate change [21]. Traditional
time-series studies have focused on assessing health effects
using single-pollutant models adjusting for weather variables.
However, ambient pollutants are present in different mixtures
on air and their joint effects on health could be distinct from
the simple sum of independent effects [22]. According to [23,
24], as cited by Evagelopoulos [21] in terms of PM10, the
threshold for the protection of human health has been set at 40
mg/m3 over the course of a year, while a concentration of 50
mg/m3 shall not be exceeded for more than 35 days a year.
Similarly, for PM2.5; particulate matter smaller than 2.5 pm,
the annual threshold has been set at 20 mg/m®. Exposure to
ambient air pollution increases mortality and morbidity and
shortens life expectancy [25]. The European Society of Car-
diology presents a discussion between the relationship be-
tween air pollution and cardiovascular diseases, addressing
public health recommendations [26].

Previous studies demonstrated that cold weather elevates
blood pressure levels, particularly in hypertensive patients,
increasing the risk of acute cardiovascular events [27, 28].
Similarly, high wind speeds and fluctuating humidity have
been implicated in triggering circulatory system disorders
[29]. In subtropical and temperate maritime regions, such as
the Azores, these phenomena may exert compounded effects,
given the high seasonal variability in climatic and air quality
parameters [30].

Despite the growing body of evidence linking environ-
mental factors with health outcomes, research focusing on
insular and maritime climates remains limited. The Azores, as
a case study, offer unique insights into how local climate
variability and air pollution intersect to shape public health
risks. Leveraging over a decade of meteorological, air quality,
and epidemiological data (2010-2019), this study aims to
address this knowledge gap by exploring the associations
between weather conditions, air quality parameters, and
hospital admissions for hypertension, cardiovascular, and
circulatory diseases in Faial Island. The selection of the 2010-
2019 was based on several considerations:

1) Data Availability: Comprehensive and high-quality data
for epidemiological, meteorological, and air quality
parameters were consistently available for this period.
This ensured robust statistical analyses and reliable re-
sults.

2) Temporal Scope: A decade-long study period allows the
capture of seasonal patterns, inter-annual variability, and
long-term trends in the relationships between environ-
mental factors and health outcomes. This is particularly
crucial in regions with significant climate variability,
such as the Azores.

3) Relevance to Current Climate Trends: The chosen pe-
riod aligns with recent global and regional changes in
climatic and environmental conditions, providing in-
sights that remain relevant for current and future public
health strategies.

These hospital data include all recorded hospital admis-
sions, encompassing both inpatient treatments and cases
treated in the Emergency Unit, for individuals diagnosed with
hypertension, cardiovascular, and circulatory system diseases
during the study period (2010-2019). The dataset represents
the entire population of patients admitted with these condi-
tions within the hospital’s catchment area, ensuring compre-
hensive coverage and eliminating selection bias.

Through advanced statistical methods, including time se-
ries analysis and PCA, we aim to uncover seasonal patterns
and identify the most critical environmental determinants of
health outcomes. Our findings will contribute to the devel-
opment of adaptive healthcare strategies, particularly in vul-
nerable insular communities, as they confront the dual chal-
lenges of climate change and public health management.

2. Material and Methods

2.1. Materials

The research was conducted on Faial Island, in the Azores
region, located in the North Atlantic Ocean. This island is
characterized by a temperate maritime climate, influenced by
atmospheric systems such as the Azores Anticyclone and the
seasonal climate variability typical of the North Atlantic. The
region was chosen due to its sensitivity to weather and envi-
ronmental changes and the availability of detailed epidemio-
logical, meteorological and air quality data.

2.1.1. Study Area

The study area of this work comprises the North Atlantic
Ocean, with particular emphasis on the region where the
Azores are located, Figure 1 in [8]. The Azores are a group
of nine volcanic islands located in the North Atlantic Ocean,
about 1,500 kilometers west of Portugal and 3,900 kilome-
ters east of North America. They are positioned roughly
between 37<=and 40° of latitude north and 25<and 31<of
longitude west. The archipelago is part of Portugal and is
divided into three groups: the Eastern Group (S& Miguel
and Santa Maria), the Central Group (Terceira, Graciosa, S&
Jorge, Pico, and Faial), and the Western Group (Flores and
Corvo).

The Azores archipelago is in the subtropical region of the
North Atlantic and therefore heavily influenced by the North
Atlantic Subtropical Anticyclone, also known as the Azores
High. As it is a quasi-stationary high-pressure system, its
position, intensity, development, and orientation determine
the nature and characteristics of the air masses that reach the
region, as well as the frequency and paths of waves and lows
of the Polar Front of the North Atlantic which is also an
important modeling system of weather in the Azores. Ac-
cording to the Kcppen-Geiger Climate Classification, the
climate is considered predominantly humid temperate, with-
out a dry season, with precipitation in all months of the year
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and with a temperate summer [6].

The islands are influenced by the Gulf Stream, which
brings warm water from the tropics, moderating temperatures
throughout the year.

Faial island, located in the central group of the Azores ar-
chipelago, has an area of approximately 173 km= with an
estimated population of two hundred and thirty-six thousand,
six hundred, fifty-seven inhabitants, after a population de-
crease of 4.1% in the last decade. This island has a temperate
oceanic climate. Local factors, such as island topography,
and global factors, like air pollutant transport and ocean
warming, interact to affect climate and air quality. These
factors provide an opportunity to better understand their
influence on human health.

2.1.2. Characterization of Data

Epidemiological: The Statistics Service of Horta Hospital
on the island of Faial made available data on the number of
hospital admissions of individuals (hospitalized and includ-

ing those treated in the Emergency Unit) diagnosed with HIR:

hypertension, CAR: cardiovascular and CIR: circulatory

diseases, covering the period from 2010 to 2019.

Meteorological: Information for the period (2010 — 2019)
about RR: precipitation, FF: wind speed, Tmax: maximum
weekly temperature, Tmin: minimum weekly temperature,
HR: relative humidity, DP: dew point, and Pnmm: atmos-
pheric mean sea level, were made available by the Portu-
guese Institute of the Sea and Atmosphere, to which belongs
to the automatic surface station located at the Observatory
Prmcipe Alberto de Monaco (Faial) (https://www.ipma.pt).

Air Quality: concentrations data of NO,, SO,, O;: 0zone
and suspended particles PM10, covering the period
2010-2019, were collected at the Espalhafatos station (Faial),
Azores Air Quality Monitoring —
https://ambiente.azores.gov.pt/qualidadedoar/DadosTempoR
eal.aspx.

2.2. Methods

Figure 1 summarizes the steps of the principal methods
used in the analysis of epidemiological, meteorological and
air quality data used in this study.

Average Series
Percentiles/PCA

Weekly

Monthly, Annual

DP, HR, Tmax, Trmin, Tam, Tmax-

Hypertension, Cardiovascular
and Circulatory Diseases

Tmin, Wind speed (FF), Precipitation
(RR), Atmospheric Presure (Fnmm)

NO;, 50;, O3 and PMyp

Figure 1. Steps of the principal methods used in the analysis of epidemiological, meteorological and air quality data.

The time series was created based on weekly data for each
meteorological variable, air quality and number of hospital
admissions. This approach allowed us to identify seasonal
patterns and possible correlations between climate and air
quality variables and hospital admissions. After weekly per-
centile intervals meteorological data were organized into
percentile intervals (0-25%, 25-50%, 50-75%, and 75—
100%) to examine the relationship between weather ex-
tremes and hospital admissions. This analysis provides in-
sights into how more intense or unusual weather conditions
impact public health. PCA was used to reduce the dimen-

sionality of the data while preserving most of the variability.
Relationships between hospital admissions and meteorologi-
cal and air quality variables were analyzed, identifying the
factors that most influence the increase in cases. Monthly
PCA included monthly averages of meteorological variables,
air quality with total number of admissions. And annual PCA
analyzed annual averages to understand long-term trends and
inter-annual variability. The use of fitting polynomials and
moving averages serves to capture the general trends and
smooth weekly fluctuations, 3rd order polynomial models
were fitted and moving averages were applied. These meth-
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ods helped describe seasonal cyclical patterns and long-term
trends in hospital admissions.

To carry out the proposed tasks, the data was processed
and analyzed using statistical and graphical visualization
Software.

2.2.1. Percentile Analysis

The time series was created based on weekly data for each
meteorological variable, air quality and number of hospital
admissions. This approach allowed us to identify seasonal
patterns and possible correlations between climate and air
quality variables and hospital admissions. After weekly per-
centile intervals meteorological data were organized into
percentile intervals (0-25%, 25-50%, 50-75%, and 75—
100%) to examine the relationship between weather ex-
tremes and hospital admissions. This analysis provides in-
sights into how more intense or unusual weather conditions
impact public health.

2.2.2. Principal Component Analysis

Principal Component Analysis is a statistical technique
used to reduce the dimensionality of complex data sets while
preserving most of their variability. This is achieved by
transforming possibly correlated variables into a smaller set of
uncorrelated variables called principal components. We begin
this process by normalizing the data, that is, the data is
standardized to ensure that all variables are comparable,
regardless of their units or magnitudes. Next, we proceed to
calculate the covariance matrix, which is calculated to iden-
tify the relationship between the original variables, and how
these variables vary together. The determination of eigen-
values and eigenvectors indicates the amount of variance that
each principal component explains. The eigenvectors define
the direction of the principal components. The original data is
transformed and to be projected onto the eigenvectors, gen-
erating new axes (main components). The first components
retain most of the variance in the data. Typically, only com-
ponents that explain a significant portion of the variance
(based on eigenvalues) are retained for further analysis. PCA
is useful because it reduces data complexity, allowing you to
work with a smaller number of variables, facilitating inter-
pretation without significant loss of information. This pro-
cessing of data helps reveal relationships or patterns that may
not be evident in the original data.

PCA was used to reduce the dimensionality of the data
while preserving most of the variability. Relationships be-
tween hospital admissions and meteorological and air quality
variables were analyzed, identifying the factors that most
influence the increase in cases. Monthly PCA included
monthly averages of meteorological variables, air quality with
total number of admissions. And annual PCA analyzed annual
averages to understand long-term trends and inter-annual
variability. The use of fitting polynomials and moving aver-
ages serves to capture the general trends and smooth weekly
fluctuations, 3rd order polynomial models were fitted and

moving averages were applied. These methods helped de-
scribe seasonal cyclical patterns and long-term trends in
hospital admissions.

2.3. Statistical Analysis

To carry out the proposed tasks, the data was processed and
analyzed using Python Software Foundation, version 3.7.10.

3. Results

The methodology described above was designed to cap-
ture the complex interactions between climate, air quality
and public health, allowing a detailed and integrated analysis
of the factors that contribute to variations in hospital admis-
sions in the Azores region.

3.1. Percentile Analysis _ Meteorological
Parameters Versus Cardiovascular Cases

Figure 2 displays six graphs for percentiles of weekly av-
erage data for meteorological parameters (rainfall, wind
speed, thermal amplitude, relative humidity, dew point and
daily minimum temperature) versus the number of admis-
sions due to cardiovascular diseases cases in the Faial Hos-
pital over the course of 2010 to 2019.

Graph 2.1, the highest rainfall (75-100%) tends to be more
frequent from the second half of the year onward. For cardi-
ovascular cases admissions, the moving average line repre-
sents the weekly mean number admissions of cardiovascular
diseases, which fluctuates between approximately 10 and
more 45 cases. The third-degree polynomial fit shows an
overall trend across the weeks for these 10 years under study.
In the early weeks, there is a slight correlation between rain-
fall and a higher number of cardiovascular cases, suggesting
that increased rainfall may be associated with a rise in these
cases. In mid-year, despite some weeks with lower rainfall,
the cardiovascular cases remain relatively steady but show
less obvious correlation with rainfall trends. Toward the
year's end of the year’s interval under study, there is a slight
increase in both rainfall (often reaching the 75-100% percen-
tile) and cardiovascular cases, though the relationship is not
strongly linear. The polynomial fit suggests an initial decline
in cardiovascular admissions diseases, a plateau mid-year,
and a slight upward trend toward the end of the year. The
moving average also smooths out short-term variations,
reflecting this general trend.

Graph 2.2 presents percentiles of weekly average data for
wind speed and the number of cardiovascular cases diseases
admissions in the Faial Hospital. Early in the year, when
wind speeds are generally high, there is a noticeable increase
in cardiovascular admissions cases, suggesting a potential
correlation. In mid-year, when wind speeds are mostly in the
lower percentiles, the cardiovascular cases remain relatively
stable with some small fluctuations. Toward the year’s end,


http://www.sciencepg.com/journal/ccr

Cardiology and Cardiovascular Research

http://www.sciencepg.com/journal/ccr

both wind speeds (in the 75-100% range) and cardiovascular
admissions cases show an uptick, again indicating a possible
relationship. The polynomial trend shows a slight decrease in
cardiovascular cases during the middle of the year, with a
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resurgence toward the end. The moving average follows a
similar trend, with an initial decline, stabilization, and a
slight increase at the end.
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Figure 2. Graph 2.1 to 2.6 presents average weekly number of hospitalizations for cases of cardiovascular diseases (black line), moving
average (red line), 3" degree polynomial fit (dotted line) and interval percentiles per week for some meteorological parameters (Faial, 2010

~2019).

Graph 2.3 illustrates the percentiles for weekly average
thermal amplitude or range between maximum and minimum
temperatures (Tmax-Tmin), alongside the weekly number of
cardiovascular cases (admissions), over the span period in
study. Larger temperature ranges (75-100% percentiles) ap-
pear more consistently in the middle of the year, indicating
that the temperature range tends to be highest during this pe-

riod, while the beginning and end of the year have a lowest
temperature range. During the early weeks, when the temper-
ature range is mostly in the lower percentiles (0-50%), cardio-
vascular cases are relatively high, with some fluctuations. In
mid-year, as the temperature range increases (often reaching
the 75-100% percentile), the number of cardiovascular cases
generally stabilizes with some moderate fluctuations. Toward
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the end of the year, when the temperature range narrows again,
there is a slight increase in cardiovascular admissions cases.
The polynomial fit line indicates an initial decline in cardio-
vascular admissions cases, a relatively stable period in the
middle of the year, and a slight rise toward the end. The mov-
ing average also reflects these general trends, with a down-
ward trend in the first few months, leveling off mid-year, and a
slight increase near the end of each year.

Graph 2.4 in Figure 2, presents the relationship between
weekly mean relative humidity (Rel. Hum. mean %) and the
number of weekly cardiovascular cases over 52 weeks for 10
years. Relative humidity is generally lower during mid-year
(weeks 20-40) and higher in early and late-year weeks. The
number of weekly cardiovascular cases fluctuated throughout
the weeks. Peaks in these cases often coincide with weeks of
higher humidity. The moving Average show peaks early in
the year (around week 7) and then shows a slight downward
trend with some fluctuation but rises again toward the end of
the year. 3rd Degree Polynomial Fit suggests a subtle sea-
sonal pattern in cardiovascular cases, with a general decline
in cases through mid-year, followed by an increase as the
year progresses.

Above graph 2.5, Figure 2 displays the weekly average
dew point data grouped into percentiles and the number of
cardiovascular cases across 52 weeks for 10 years. Higher
dew point levels (50-75% and 75-100%) are more frequent
from week 20 to week 42, while lower levels (0-25% and
25-50%) dominate in the earlier and later parts of the year.
Cardiovascular cases/fadmissions in the Faial hospital this
line shows weekly fluctuations in the number of cardiovas-
cular cases. Peaks are observed early in the year, dip in the
mid-year, and then increase toward the end of the year. The
moving average line shows a downward trend in cardiovas-
cular cases through mid-year, followed by a gradual rise in
the later weeks. The 3rd Degree polynomial fit line shows a
trend that indicates a slight seasonal pattern, with higher
cardiovascular cases at the beginning and end of the year and
lower cases during the middle weeks.

Analyzing Graph 2.6 in Figure 2 shows the relationship
between the percentiles of the weekly daily minimum aver-
age temperature and the number of weekly cardiovascular
cases over a 52-week period for 10 years. The distribution of
colors reflects seasonal variations, with lower weekly aver-
age minimum temperatures (0-25% and 25-50%) in the be-
ginning and end of the year, and higher weekly average
minimum temperatures (50-75% and 75-100%) predomi-
nantly from week 20 to around week 40. The line for cardi-
ovascular cases shows a fluctuating pattern over the year,
with peaks at the beginning and end of the year. The moving
average presents a downward trend in the middle of the year
and an increase toward the year’s end. The 3rd Degree Pol-
ynomial Fit presents a trend line who suggests a general
seasonal trend, with higher cardiovascular cases at the be-
ginning and end of the year and a drop during the warmer
mid-year weeks.

3.2. Percentile Analysis _ Meteorological
Parameters Versus Hypertension Cases

Figure 3 displays six graphs for percentiles of weekly av-
erage data for meteorological parameters (rainfall, wind
speed, thermal amplitude, relative humidity, dew point and
daily minimum temperature) versus the number of admis-
sions due to hypertension diseases cases in the Faial Hospital
over the course of 2010 to 2019.

This graphic 3.1 addresses the relationship between per-
centiles weekly average rainfall percentages and the number
of weekly hypertension diseases cases over a year (52 weeks)
for 10 years. Rainfall appears to vary significantly through-
out the year, with higher rainfall (75 - 100%) more frequent-
ly in certain weeks, especially towards the start and end of
the year. There appears to be some fluctuation in hyperten-
sion cases that loosely correlates with rainfall, particularly
during periods of high rainfall. However, this relationship is
not very strong and may suggest a complex interaction rather
than a direct correlation. Hypertension admission cases are
higher during specific weeks, with peaks and troughs that
could indicate a seasonal or environmental factor influencing
the frequency of cases. The polynomial trend suggests a
general upward trend over the year, with some seasonal dips.
The moving average trend shows that hypertension cases
tend to stabilize over time, with occasional increases, sug-
gesting possible external factors affecting these cases peri-
odically.

Graph 3.2 presents the relationship between weekly wind
speed percentages and the number of weekly hypertension
cases/admissions over a full year (52 weeks) for 10 years.
Here's an analysis of each axis and variables; left y-axis
(wind speed %): represents the percentage of wind speed,
ranging from 0% to 100%. Right y-axis (N. cases of hyper-
tension): represents the number of hypertension cases, rang-
ing from 0 to 300. X-axis (weeks): represents weeks from 1
to 52. And the wind speed percentiles are divided into four
categories: 0-25% (purple), 25-50% (green), 50-75% (yellow)
and 75-100% (Brown). Each vertical bar on the graph shows
the percentage of wind speed for each week, with segments
representing these different percentiles. Wind speed fluctu-
ates over the weeks, with periods of higher wind speed
(brown segments) concentrated in certain weeks, mainly
around the beginning and middle of the year, tapering off
towards the end. If we consider hypertension cases, black
line (weekly mean) shows the weekly mean number of hy-
pertension cases. The red line (moving average) represents a
smoothed moving average trend for hypertension cases over
the year, highlighting the overall trend. Black dotted line
(3rd degree polynomial fit): a polynomial trend line fitted to
the data, suggesting a modeled trend for hypertension cases.

Presents in the Graph 3.3 is the relationship between the
percentiles weekly average temperature range (difference
between maximum and minimum temperature, (Tmax—Tmin)
or thermal amplitude and the number of weekly hypertension
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cases over a year (52 weeks) during the time in study. The
thermal amplitude appears to vary throughout the year, with
higher ranges (green segments) most prominent during cer-
tain weeks, especially at the start and end of the year, and
lower ranges (blue segments) more common in the middle of
the year. Analyzing the same graph for hypertension admis-
sions cases, the 3rd Degree Polynomial Fit shows a polyno-
mial trend line fitted to the data, providing a model to esti-
mate the trend in hypertension cases. For this analysis we
conclude that there is a slight visual alignment between
weeks with a high thermal amplitude and higher hyperten-
sion cases, particularly in some of the peaks around the start
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and end of the year. Although the trend of hypertension cases
and the thermal amplitude do not always align, there are
instances where an increase in thermal amplitude appears to
coincide with an increase in hypertension cases. Hyperten-
sion cases show peaks and dips at various times throughout
the year, with notable peaks around weeks 5-8, weeks 20-25,
and weeks 35-45. The polynomial trend suggests a slight
increase in hypertension cases over the year, with some
fluctuation. The moving average line highlights a relatively
stable trend in hypertension cases but captures some
mid-year and end-of-year peaks that might be associated
with seasonal factors.
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Figure 3. Graph 3.1 to 3.6 presents average weekly number of hospitalizations for cases of hypertension diseases (black line), moving aver-
age (red line), 3™ degree polynomial fit (dotted line) and interval percentiles per week for some meteorological parameters (Faial, 2010 —

2019).
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From the analysis of Graph 3.4 in Figure 3, the bars repre-
sent weekly average mean relative humidity divided into per-
centiles. Highest humidity range. Most weeks show significant
humidity variability across all percentile ranges, with seasonal
trends. This are divided as follows: early weeks (1-10) show
higher overall humidity levels, with many weeks in the 75—
100% range, mid-year (weeks 20-40) sees a decline in
high-humidity percentiles, indicating lower overall relative
humidity and late weeks (40-52) show recovery toward higher
humidity levels. Weekly mean show that cases of hypertension
fluctuate significantly, peaks occur during weeks 5-7, weeks
20-22, and weeks 35-37, and lowest values are observed
around weeks 10-15 and weeks 43-48. In this graph a moving
average smooths weekly fluctuations, showing clearer
long-term trends such as: hypertension cases tend to follow a
slightly cyclical pattern, with higher numbers at the beginning
and end of the year and the third-degree polynomial fit con-
firms the cyclic pattern with three main peaks over the year.
About relative humidity and hypertension diseases, the first
hypertension peak (weeks 5-7) aligns with high relative hu-
midity (75-100% percentile). The second peak (weeks 20-22)
occurs during a period of decreasing relative humidity, but
percentile distribution remains mixed. The final peak (weeks
35-37) coincides with moderate humidity levels (25-50% and
50-75%). However, hypertension cases decline in weeks with
lower humidity percentiles (weeks 10-15 and weeks 43-48).
This suggests that very low or very high humidity could exac-
erbate hypertension cases.

Graph 3.5 relates information between percentile weekly
mean distribution of dew point and weekly mean circulatory
diseases. Hypertension cases show cyclical behavior, with
clear peaks and troughs. We can see the peaks in weeks 5-7,
weeks 20-22, and weeks 35-37 and troughs in weeks 10-15
and weeks 43-48. This suggests seasonality or environmen-
tal factors influencing hypertension cases. In relation to
trends the moving average shows an overall cyclical pattern.
A third-degree polynomial fit highlights long-term trends
with three major peaks. By inspection of graph 2.5 we found
that week’s 5-7, high dew point (75-100%) correlates with a
sharp increase in hypertension cases. Weeks 35-37, a similar
relationship is observed during another hypertension peak.
Weeks 10-15: lower dew points (0-50%) correspond to a
decline in hypertension cases. Weeks 43-48, another dip in
hypertension cases coincides with lower dew points. And a
transition period is found on week’s 20-22.

Graph 3.6 provides information about the weekly average
daily minimum temperature and hypertension cases. A sea-
sonal trend can be seen because in weeks 1-10: dominated
by colder minimum temperatures (mostly 0-25% and 25-50%
ranges), weeks 20-40: warmer minimum temperatures pre-
vail (50-100% ranges) and weeks 40-52: a return to colder
minimum temperatures, with a higher proportion of the 0-25%
range. Average hypertension cases fluctuate with visible
peaks and troughs. The peaks are seen in weeks 5-7, weeks
20-22, and weeks 35-37. For troughs it is detected in weeks

10-15 and weeks 43-48. The cyclic pattern suggests envi-
ronmental or seasonal influences on hypertension cases. The
moving average shows an overall sinusoidal trend with highs
and lows. The third-degree polynomial fit confirms the cy-
clical nature of hypertension cases.

3.3. Percentile Analysis _ Meteorological
Parameters Versus Circulatory Cases

In Figure 4, Graphs 4.1 to 4.6 compares rain, wind speed,
Tmax - Tmin, relative humidity mean, dew point mean and
daily minimum temperature percentiles and the number of
circulatory cases over 52 weeks of the year.

This Graphic 4.1 addresses the relationship between weekly
rainfall percentages and the number of weekly circulatory
cases over a year (52 weeks) for 10 years. By a detailed analy-
sis we can say that for rainfall early weeks (e.g., weeks 1-5):
high rainfall dominated by 75-100% percentile. in middle
weeks (e.g., weeks 20-35): rainfall is more evenly distributed
across percentiles, with moderate levels overall. Later weeks
(e.g., weeks 45-52): mixed rainfall with spikes in the higher
percentiles. For circulatory cases data, peaks occur in weeks 5,
27, and 50-52, and valleys occur in weeks 1220, indicating a
decrease in cases during this period. The 3rd degree polyno-
mial fit indicates a sinusoidal-like pattern, with lower cases in
the middle of the year and peaks towards the start and end.

By observing Graph 4.2 we can say that wind speed data
for weeks 1-7: high wind speeds dominate, particularly in
the 75-100%. In weeks 8-25: wind speeds decrease, with
lower percentiles (0-25% and 25-50%) more prominent.
Weeks 26-40: balanced wind speed distribution, with all
percentiles contributing evenly. And for weeks 41-52: high
wind speeds (75-100%) increase again, resembling the pat-
tern at the year's start. The circulatory cases data shows the
weekly number of circulatory cases with peaks occur around
weeks 6, 28, and 48-52. Dips are visible in weeks 10-20.
For circulatory diseases we can highlight two major peaks.
One in the early year (weeks 1-7) and the second in the late
of the year (weeks 45 - 52). The 3rd Degree Polynomial Fit
suggests a sinusoidal-like pattern with higher circulatory
cases at the year's start and end and a mid-year dip.

Graph 4.3 depicts the thermal amplitude percentiles (Tmax
- Tmin) versus the number of circulatory cases admissions.
During weeks 1-10, large thermal amplitudes (75-100%)
dominate. For weeks 11-30, thermal amplitude decreases,
with 0-25% and 25-50% percentiles becoming more promi-
nent. And for the weeks 31-52, Thermal amplitudes increase
again, with a significant contribution from higher percentiles
(50-100%). For circulatory cases data peaks occur during
weeks 6, 27, and 50-52. Notable dips appear during weeks
10-20, indicating a decline in cases during this period. The
moving average indicates two major peaks, one in the early
in the year (weeks 1-7) and the other in the late in the year
(weeks 45-52). The middle of the year (weeks 15-30) shows
consistently lower circulatory cases. The 3rd degree polyno-


http://www.sciencepg.com/journal/ccr

Cardiology and Cardiovascular Research

http://www.sciencepg.com/journal/ccr

mial fit exhibits a sinusoidal pattern with higher cases at the
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Figure 4. Graph 4.1 to 4.6 presents the average weekly number of hospitalizations for cases of circulatory diseases (black line), moving
average (red line), 3™ degree polynomial fit (dotted line) and interval percentiles per week for some meteorological parameters (Faial, 2010

~2019).

Graph 4.4 illustrates the relationship between relative hu-
midity (expressed in percentiles) and the number of circula-
tory cases admissions over 52 weeks for 10 years. Relative
humidity fluctuates significantly over the weeks. Certain
weeks, particularly at the beginning (weeks 4-7) and later in
the year (weeks 43-50), show peaks in the highest percentile
(75-100%). The circulatory cases appear to increase and
decrease periodically, with notable peaks in weeks 6-8,
weeks 20-22, and around weeks 43-46. The moving average
captures the overarching trends, showing general increases in
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cases during certain humid periods. Higher circulatory cases
seem to coincide with weeks showing significant humidity
contributions from the higher percentiles (e.g., weeks 6-8
and weeks 43-46). The polynomial fit suggests an overall
periodic pattern, potentially linked to environmental or sea-
sonal factors.

Graph 4.5 presents a relationship between dew point per-
centiles versus the number of circulatory diseases cases ad-
missions. We can verify that high dew point levels (75—
100%) dominate in several weeks (e.g., weeks 24-40),
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showing a consistent warm/humid environment. Weeks at
the beginning (1-10) and end (45-52) of the year have a
more varied distribution, including lower dew point levels
(0-50%). Peaks in circulatory cases are observed in weeks
6-9, 2022, and 43-46. A decrease in cases is notable in
midyear weeks (weeks 25-35), corresponding to a more
stable dominance of high dew point (75-100%). The moving
average highlights periodic increases and decreases. Higher
dew point periods (e.g., weeks 25-40) correspond to fewer
circulatory cases admissions. During weeks with more varia-
bility or significant contributions from lower dew point per-
centiles (e.g., weeks 6-10, 43-46), circulatory cases tend to
rise. The polynomial fit suggests a general decline in circu-
latory cases during midyear and a resurgence in later weeks.

Graph 4.6 displays a mean weekly temporal analysis per
year for 10 years (52 weeks), combining two datasets such as
daily minimum temperature percentiles and number of cir-
culatory cases admissions. It is observed that during colder
periods, peaks in circulatory cases are noticeable, particular-
ly in the early (weeks 1-12) and late parts of the year (weeks
40-52). In warmer periods (weeks 20-35), the number of
cases seems to decrease, suggesting a possible direct rela-
tionship between climate conditions and circulatory health.
The black line (weekly cases) shows significant fluctuations,
but the smooth red line reveals a cyclical pattern. Warmer
weeks not only align with higher percentiles (75-100%) but
also with stabilization in circulatory cases. The polynomial
curve indicates a bimodal pattern, with peaks of cases during
colder seasons.

3.4. Principal Component Analysis

In a Principal Component Analysis two components are
used (PC1 and PC2) to reduce the dimensionality of a dataset
while retaining the most relevant variability. To investigate
the possible dependence of the daily number of admissions
of diseases under study on meteorological elements or air
quality, principal component analysis may be appropriate.

Figure 5 shows a principal components analysis using
monthly totals of diagnosed hypertension, circulatory and
cardiovascular system cases, together with monthly averages
of (Tam), maximum (Tmax), minimum (Tmin) daily tem-
peratures, daily thermal amplitude (Tmax-Tmin), dew point
(DP), relative humidity (RH), wind speed (FF) and atmos-
pheric mean sea level pressure (Pnmm) as well as monthly
precipitation totals (RR).

The first component explains around 44% of the variance
and that the summer and autumn months (6 to 11) are dis-
tributed on the positive side of PC1, where the vectors of
temperatures, relative humidity and atmospheric pressure are
projected. On the negative side, the winter and spring months
(1 to 5 and 12) and the vectors of precipitation and wind
speed are distributed, as well as diseases associated with
hypertension, circulatory and cardiovascular systems. In this
case, the disease vectors are almost perpendicular to the wind
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speed and precipitation vectors, suggesting that these are two
sets of variables that are not very dependent on each other.

The daily thermal amplitude (Tmx-Tmn) and the air tem-
perature (Tam), as well as the relative humidity and the dew
point temperature, present a component in the opposite di-
rection to the diseases considered, indicating a possible de-
pendence in opposite direction or negative correlation. These
results indicate that these cases will tend to occur in the win-
ter and spring months, but with small daily temperature
ranges and relatively low air temperatures and humidity.

To better understand the relationships between hospital
admissions for the diseases under study and the meteorolog-
ical variables presented in Figure 5, principal component
analysis was conducted. Table 2 presents the values of the
first two principal components, highlighting their relevance to
the analysis.
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Figure 5. Graphical representation of the first two principal com-
ponents (PCA) for the set of cases of hypertension (HIP), circulato-
ry system (CIR) and cardiovascular system (CAR), as well as for the
monthly averages of atmospheric pressure at mean sea level
(Pnmm), daily maximum (Tmx), minimum (Tmn) and average (Tam)
temperatures, thermal amplitude (Tmx-Tmn), dew point (DP),
relative humidity (RH) and wind speed (FF) average total precipi-
tation (RR). The colored dots correspond to the twelve months of
the year (Jan=1, Feb=2, ..., Dec=12).

Table 2. PCA1 PCA2 values for the set of cases of hypertension
(HIP), circulatory system (CIR) and cardiovascular system (CAR)
and monthly meteorological variables (Figure 5).

Variables PC1 PC2
Hip -0,49595 0,721952
Cir -0,33471 0,695752
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Variables PC1 PC2

Car -0,37816 0,747348
Td 0,951358 0,067222
Tmx-Tmn 0,407151 -0,14518
Pnmm 0,292164 0,542491
Tam 0,952752 0,080203
Tmx 0,957953 0,052191
Tmn 0,93956 0,108516
HR 0,211238 -0,06672
RR -0,51372 -0,41972
FF -0,79084 -0,35446

Figure 6 shows the PCA analysis for the average concen-
trations of O3, NO,, SO, and PM10.

The results obtained show that PC1 explains around
35.4%, that is, less than for meteorological variables. On the
other hand, it appears that the vectors associated with dis-
eases have a direction closer to the NO, and SO, vectors,
especially in the winter and spring months. These results
indicate that the presence of primary pollutants such as NO,
and SO,, in the winter and spring months, may contribute to
a greater influx of individuals with diseases under study at
the Faial hospital.
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Figure 6. Graphical representation of the first two principal com-
ponents (PCA) for the set of monthly cases of hypertension (HIP),
circulatory system (CIR) and cardiovascular system (CAR), as well
as for the monthly averages NO,, SO,, O3 and PM10. The colored
dots correspond to the twelve months of the year (Jan=1, Feb=2, ...,
Dec=12).
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Table 3 shows the calculated values of PCA1 and PCA2
for the set of cases of hypertension (HIP), circulatory system
(CIR) and cardiovascular system (CAR) and monthly air
quality variables (Figure 6).

Table 3. PCAL and PCA2 values for the set of cases of hypertension
(HIP), circulatory system (CIR) and cardiovascular system (CAR)
and monthly air quality variables (Figure 6).

Variables PC1 PC2
HIP 0,929598 -0,01412
CIR 0,786072 -0,13734
CAR 0,903412 -0,00308
NO, -0,03535 -0,08532
(02 0,359594 0,729433
SO, 0,102457 0,227268
PM10 -0,20486 0,804141
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Figure 7. Graphical representation of the first two principal com-
ponents for the set of cases of hypertension (HIP), circulatory sys-
tem (CIR) and cardiovascular system (CAR), as well as for the
annual averages of atmospheric pressure at mean sea level (Pnmm),
maximum temperatures (Tmx), daily minimum (Tmn) and average
(Tam), thermal amplitude (Tmx-Tmn), dew point (DP), relative
humidity (RH) and wind speed (FF) and average total precipitation
(RR). The colored dots correspond to the years 2008 to 2019.

The graphic representation in Figure 7 presents the results
obtained for the set of three diseases under study and for the
meteorological values observed between 2008 and 2019. The
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first component (PC1) explains 50.7% of the variance and
the second (PC2), 18.9%, totaling 69.6% of the variance. The
graph also indicates that the most recent years contributed
essentially to the variance of PCAL.

As expected, daily temperatures (Tam, Tmx, Tmn and
Tmx-Tmn) are correlated, contributing mainly to PC1.

In this diagram, the number of admissions to cardiovascu-
lar diseases (CAR) presents negative correlations with these
temperatures, suggesting that the respective admissions will
be associated with cold days with low thermal amplitude.

On the other hand, hypertension (HIP) and circulatory
diseases (CIR) have a negative correlation with dew point
temperature (Td).

Precipitation totals (RR) and wind speed (FF) are corre-
lated, and mean sea level pressure has a negative correlation
with the previous ones, but they seem to be little associated
with the diseases under study. Interestingly, the relative hu-
midity (RH) vector appears almost perpendicular to the dis-
eases, indicating a lack of correlation with them.

Table 4 presents the values of PCAL and PCA2 for cases
of hypertension (HIP), circulatory system diseases (CIR),
and cardiovascular system diseases (CAR), alongside the
annual meteorological variables discussed in Figure 7.

Table 4. PCA1 and PCA2 values for the set of cases of hypertension
(HIP), circulatory system (CIR) and cardiovascular system (CAR)
and annual meteorological variables (Figure 7).

Variables PC1 PC2

HIP -0,75172 -0,09147
CIR -0,79879 -0,1017
CAR -0,76299 -0,35617
Td 0,938054 -0,25518
Tmx-Tmn 0,932466 0,202731
Pnmm 0,33768 -0,54276
Tam 0,906769 0,119969
Tmx 0,917765 0,188284
Tmn 0,787711 0,149842
HR 0,14443 -0,93453
RR -0,5634 0,727954
FF -0,671 0,482905
NO2 -0,24621 0,765525
03 -0,58423 -0,41735
S02 -0,07411 -0,76566
PM10 0,491552 0,344394

Figure 8 shows the PCA of the set of diseases under study
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with the average concentrations of ozone, nitrogen dioxide,
sulfur dioxide and suspended particles PM10.

The results indicate a positive correlation between diseas-
es and O3 concentrations, whose higher concentration levels
may be associated with the intercontinental transport of this
pollutant. In relation to PM10 particles, there is an an-
ti-correlation which is possibly associated with transport
events of suspended material and dry weather conditions.
The graph also tells us that, also in this case, the most recent
years essentially contributed to the PCA1 variance.

In order to further analyze the relationship between hospi-
tal admissions for hypertension (HIP), circulatory system
diseases (CIR), and cardiovascular diseases (CAR) and air
quality variables, principal component analysis (PCA) was
applied. Table 5 presents the values of the first two principal
components for these conditions, alongside the annual air
quality variables shown in Figure 8.
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Figure 8. Graphical representation of the first two principal com-
ponents for the set of cases of hypertension (HIP), circulatory sys-
tem (CIR) and cardiovascular system (CAR), as well as for the
annual averages of NO2, SO2, O3 and PM10. The colored dots
correspond to the years 2008 to 2019.

Table 5. PCA1 and PCAZ2 values for the set of hypertension (HIP),
circulatory system (CIR) and cardiovascular (CAR) cases and
annual air quality variables (Figure 8).

Variables PC1 PC2

HIP -0,92584 0,24794
CIR -0,89984 0,237591
CAR -0,97183 0,117763
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Variables PC1 PC2
NO, 0,297674 0,852939
O3 -0,64697 -0,10473
SO, -0,15504 -0,83686
PM10 0,807812 0,131691
4. Discussion

4.1. Percentile Graphs

These results could imply a seasonal or weather-related
influence on cardiovascular admissions, potentially useful
for public health forecasting, particularly if analyzed in the
context of temperature, humidity, or other environmental
variables. Analysis with other meteorological and environ-
mental parameters will be developed throughout this study.

Analyzing Figure 2, the visual representation (Graph 2.1)
could support hypotheses about the impact of weather pat-
terns on cardiovascular health. There are several studies,
including [31] the environmental conditions, low tempera-
tures have been reported to be a potentially important risk
factor for acute myocardial infarction: AMI, and cardiovas-
cular mortality. Therefore, meteorological temperature is
considered a risk factor for AMI. In the summer months
(starting around the 27th week and ending around the 37th
week), there are fewer hospital admissions, with low values
for rainfall (1st percentile). The results observed in Graph
2.2, data might suggest that wind speed variations have some
influence on cardiovascular events, particularly during peri-
ods of higher wind speeds. The observed patterns could help
in developing health forecasts related to cardiovascular
events, especially when wind speeds are expected to increase
significantly. This graph suggests an interesting link between
wind speed and cardiovascular health. Higher levels of wind
speed are associated with a greater number of particles sus-
pended in the atmosphere. Study [16] refers that exposure to
PM <2.5 micron in diameter PM (2.5)) over a few hours to
weeks can trigger cardiovascular disease-related mortality
and nonfatal events; longer-term exposure (e.g., a few years)
increases the risk of cardiovascular mortality to a greater
extent than exposures over a few days and reduces life ex-
pectancy within more highly exposed segments of the popu-
lation by several months to a few years. Observing Graph 2.3,
there appears to be a seasonal relationship between the tem-
perature range and cardiovascular cases, with the lowest
temperature ranges at the year's start and end associated with
higher cardiovascular cases. The middle of the year, charac-
terized by a larger temperature range, shows relatively stable
cardiovascular case numbers, suggesting that sudden or large
temperature fluctuations might not correlate as strongly with
increases in cardiovascular cases. Results could indicate that
cardiovascular health is more sensitive to the lowest temper-
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ature ranges. Understanding this relationship could be bene-
ficial for public health forecasting and preventive strategies,
especially if coupled with additional meteorological or health
data. Seasonal temperature patterns might be a useful indi-
cator for anticipating periods of higher cardiovascular risk.
This graph supports the idea that temperature variability
plays a role in cardiovascular health trends and could be
integrated into predictive models for better health outcome
forecasts. For Graph 2.4, a relationship appears between
relative humidity levels and cardiovascular admissions to the
hospital during certain weeks, particularly during mid-year,
when lower humidity aligns with a lower count of cardio-
vascular cases or admissions. Peaks in cardiovascular cases
or admissions (early and late in the year) often coincide with
periods of higher relative humidity. The data suggests a pos-
sible seasonal pattern in cardiovascular cases, potentially
influenced by fluctuations in relative humidity. Higher car-
diovascular cases align with weeks of higher humidity, indi-
cating that humidity may be a factor affecting cardiovascular
health outcomes. Klompmarker [32] higher summer average
specific humidity and specific humidity variability were
positively associated with cardiovascular diseases hospitali-
zations among this cohort of US Medicare beneficiaries. In
Graph 2.5 we check an apparent seasonal pattern, with car-
diovascular admissions being higher when dew point levels
are low (weeks 1-20 and 45-52) and decreasing when the
dew point is higher (weeks 20-42). The graph suggests a
possible inverse relationship between dew point levels and
cardiovascular admissions diseases. Higher dew point weeks
(associated with more humid or warmer air) correlate with a
lower number of cardiovascular cases, while lower dew
points are linked with an increase in cardiovascular diseases
admissions. This data may indicate that lower dew point
levels, often associated with colder or drier conditions, cor-
respond to higher cardiovascular incidents. Conversely,
higher dew points, typically related to warmer or more hu-
mid air, seem to align with a reduction in admissions for this
pathology. The observed pattern suggests that dew point
could be a factor in cardiovascular health trends. By inspec-
tion of Figure 7, there is a clear seasonal pattern where car-
diovascular admissions in the Faial hospital increase during
colder weeks (low minimum temperatures) and decrease
during warmer weeks (higher minimum temperatures). Also,
the graph suggests an inverse relationship between minimum
temperature and cardiovascular cases. Lower minimum tem-
peratures (usually in colder months) are associated with an
increase in cardiovascular cases, while higher temperatures
(warmer months) correlate with a reduction in cases. Really,
the data suggests that lower minimum temperatures, common
in colder months, might be associated with a higher number
of cardiovascular cases, while higher minimum temperatures
in warmer months correlate with fewer cardiovascular inci-
dents. This seasonal trend indicates that temperature could be
a contributing factor to cardiovascular health outcomes,
potentially due to the physiological stress colder tempera-
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tures impose on the cardiovascular system.

Looking at Figure 3, Graph 3.1 implies that hypertension
cases might be influenced by climatic factors, like rainfall.
For Graph 3.2, there is some visual fluctuation in hyperten-
sion cases that aligns with periods of higher wind speeds,
particularly in the initial weeks of the year and around
mid-year. While there are instances where high wind speeds
coincide with higher hypertension cases, this correlation is
not strongly pronounced. Hypertension cases have a fluctu-
ating pattern, with peaks at various points throughout the
year, notably around weeks 5-7 and weeks 35-40. The poly-
nomial trend line suggests a moderate upward trend in hy-
pertension cases as the year progresses, with a few seasonal
fluctuations. The red moving average line shows relatively
stable trends over time, though it captures some mid-year
peaks and dips that may be associated with environmental
factors or other conditions. This graph suggests a possible
association between wind speed and hypertension cases.
Periods of high wind speeds show some corresponding in-
creases in hypertension, yet the relationship is complex. The
data could be useful for investigating the impact of wind
speed on hypertension cases, especially if combined with
other environmental variables. Graph 3.3 suggests a possible
association between the weekly temperature range and the
number of hypertension cases, though the relationship is not
straightforward. The data shows that larger weekly tempera-
ture variations may contribute to higher hypertension cases
in certain periods, but this connection is not consistent. This
visualization can be useful for exploring the impact of tem-
perature variation on hypertension, offering potential insights
into how environmental temperature fluctuations may affect

health, especially cardiovascular conditions like hypertension.

The cyclic behavior of hypertension cases (Graph 3.4) may
be influenced by environmental factors like humidity. High
relative humidity correlates with some peaks in hypertension
cases, but the relationship is not strictly linear. Understand-
ing the interaction between atmospheric humidity and hy-
pertension cases can inform public health strategies, espe-
cially during high-risk periods (e.g., weeks 5-7, 20-22, and
35-37). Monitoring humidity alongside other weather varia-
bles could help predict hypertension trends and prepare
healthcare systems accordingly. Graph 3.5, high dew points
(humid conditions) appear to coincide with peaks in hyper-
tension cases, while low dew points (dry conditions) align
with reduced cases. This suggests a potential link between
moisture levels in the air and hypertension, possibly mediat-
ed by physiological or behavioral responses to humidity.
Both dew point and hypertension cases exhibit seasonal
variations. Monitoring dew point trends could help predict
periods of increased hypertension risk, allowing for proactive
healthcare interventions. In Graph 3.6, we can observe a
correlation between minimum temperature and hypertension
is verified in which cold temperatures and hypertension
peaks are verified in weeks 5-7: high hypertension cases
coincide with colder temperatures (0-25% range). In weeks
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43-48, a slight rise in hypertension cases corresponds to a
return to lower temperatures. Hospitalizations for hyperten-
sive crises are less frequent during summer-time high tem-
peratures, this statement is supported by previous studies
[33]. Low temperatures and thereby wintertime are associat-
ed with a higher number of hospitalizations. On the other
hand, warm temperatures are related to fewer hypertension
cases, occurring in weeks 10-15, such as minimum temper-
atures rise (50-100% ranges), hypertension cases decline. In
weeks 20-40, despite peaks in weeks 20-22 and 35-37, the
overall warmer temperatures align with moderate hyperten-
sion levels. Peaks in hypertension occur during periods of
shifting temperature distributions.

Discussing the results observed in Figure 4, we say that in
Graph 4.1, a relationship occurs between rainfall and circu-
latory cases is expressed as follows, weeks with higher rain-
fall percentiles (e.g., 75-100%) correspond to higher circu-
latory cases, especially in weeks 3-5. Lower rainfall weeks
coincide with fewer circulatory cases (e.g., weeks 20-30).
And an increase in both rainfall and circulatory cases is ob-
served (weeks 45-52). Rainfall appears to have a seasonal
trend, with high rainfall concentrated in the early and late
weeks of the year. Circulatory cases align with these trends,
suggesting a potential link between high rainfall and circula-
tory health issues. The graph suggests a relationship between
rainfall and circulatory cases, particularly in the early and
late parts of the year. The polynomial trend and moving
average help capture the seasonality and deviations, while
the percentile breakdown provides detailed insights into the
variability of rainfall. Relationship between wind speed and
circulatory cases, it is present in Graph 4.2. In this graph in
the early year there are high wind speeds (75-100%) align
with a peak in circulatory cases during weeks 1-7. In the
middle year the circulatory cases decline as wind speeds
decrease and are dominated by lower percentiles. For the late
year an increase in high wind speeds (75-100%) corresponds
to a rise in circulatory cases during weeks 45-52. Wind
speeds show a seasonal trend, with high values concentrated
in the early and late weeks of the year. Circulatory cases
align with these trends, suggesting a potential link between
high wind speeds and circulatory health issues. High wind
speeds might correlate with colder or harsher weather condi-
tions, indirectly affecting circulatory health. Environmental
stressors (like air quality changes or cold exposure) could
mediate this relationship. Some weeks, like week 28, exhibit
high circulatory cases despite moderate wind speeds, indi-
cating other factors influencing health outcomes. For Graph
4.3, the relationship between thermal amplitude and circula-
tory cases, we conclude that in the early year (weeks 1-10),
it is verified that the thermal amplitude is high (75-100%)
and align with a peak in circulatory cases admissions during
weeks 5-7. This suggests that extreme temperature fluctua-
tions may influence circulatory health. In middle year (weeks
11-30), there are lower thermal amplitude (0-50%) corre-
spond with fewer circulatory cases. The stability in tempera-
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ture may reduce stress on circulatory systems. In the later
part of the year (weeks 31-52), there is an increase in thermal
amplitude (50-100%), which coincides with a rise in circu-
latory cases during weeks 45-52. The relationship observed
earlier in the year is mirrored here. Thermal amplitude shows
a seasonal trend, with the largest ranges occurring at the
year's start and end. Circulatory cases appear to correlate
positively with higher thermal amplitudes, particularly in the
early and late weeks of the year. May be, large temperature
fluctuations may cause physiological stress, exacerbating
circulatory issues like blood pressure regulation or cardio-
vascular strain. Stable thermal amplitudes in the mid-year
may provide a more favorable environment for circulatory
health. Graph 4.4 might suggest a potential link between
relative humidity levels and the incidence of circulatory
system-related cases. It shows that high humidity periods
may correlate with increased circulatory diseases cases ad-
missions. Graph 4.5 suggests a potential inverse relationship
between high dew point levels (suggesting warm, humid
conditions) and circulatory cases. Circulatory cases appear to
be more frequent during weeks with greater variability in
dew point levels or contributions from lower percentiles.
And the analysis of Graph 4.6 suggests that extreme temper-
atures, particularly low ones, may be associated with an
increase in circulatory diseases. It is plausible that cold tem-
peratures elevate the risk of conditions like hypertension or
heart attacks, while moderate heat (higher-median tempera-
tures) might have protective effects. The graph highlights a
strong seasonal component, which could be valuable for
predictive health studies, particularly in regions with harsh
winters. Preventive strategies should focus on colder seasons,
including awareness campaigns and increased access to
healthcare services.

4.2. Principal Component Analysis Graphs

A Principal Component Analysis is a very important tool
because with two components (PC1 and PC2) it is possible to
visualize multidimensional data in a two-dimensional space.

For meteorological variables and seasons of the year Fig-
ure 5, the analysis showed that the variability of hospital
admissions is strongly associated with seasonal conditions.
PC1, which explains approximately 44% of the variance,
separates the summer and autumn months (positive in PC1)
from the winter and spring months (negative in PC1). Sever-
al meteorological factors, such as average, maximum and
minimum temperatures, daily thermal amplitude and relative
humidity, were inversely correlated with hospital admissions.
Suggesting that colder and more humid climates, typical of
winter and spring, are more conducive to an increase in hos-
pital admissions. Additionally, the perpendicular position of
the wind speed and precipitation vectors in relation to admis-
sions indicates low dependence between these factors and the
diseases analyzed. This separation may reflect weather pat-
terns that do not directly influence the worsening of the
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health conditions assessed but may act as moderators in other
contexts. For atmospheric pollutants Figure 6, PCA results
with air quality variables showed that primary pollutants
such as nitrogen dioxide (NO,) and sulfur dioxide (SO,) are
positively correlated with hospital admissions in the winter
and spring months. This reinforces the hypothesis that pollu-
tants from combustion sources, more concentrated in typical
winter weather conditions, play a significant role in worsen-
ing the diseases analyzed. On the other hand, suspended
particles smaller than 10 pm (PM10) showed an inverse
relationship with admissions, while ozone (O3) demonstrated
a positive correlation. Across three major dimensions overall
mortality, cardiovascular mortality, and respiratory mortality
we found that long-term exposure to ambient (NO,) signifi-
cantly increases the corresponding risks of death, it is sup-
ported by [34]. In a study supported by [35] we found that
short term exposure to (NO,) was associated with elevated
risk of total cardiovascular, cerebrovascular and ischemic
heart disease mortalities. The mechanisms involved in the
genesis of circulatory diseases by exposure to pollutants have
not been well explored, but a possible mechanism could be
the increase in plasma fibrinogen and inflammatory factors,
which lead to increased blood viscosity, resulting in clinical
cardiovascular events [36]. The patterns Figure 6, may be
associated with variability in the intercontinental transport of
pollutants and the influence of specific meteorological con-
ditions, such as drought or transport of particulate matter.
With Figure 7, we can have a perception of annual variations
and recent contributions. When analyzing annual data from
2008 to 2019, it was observed that meteorological variables
explain 69.6% of the variance, with 50.7% attributed to PC1.
More recent years have contributed more significantly to
PC1 variability, possibly due to climate change or more
pronounced air quality patterns. The negative correlation
between average temperatures and thermal amplitude with
hospital admissions suggests that cold days with low thermal
variation are critical factors for the increase in admissions
cases. However, [37] the interaction between a daily temper-
ature change of >5 °C and a daily humidity change of >40%
showed a positive association with daily hospitalization
counts, increasing the daily number of hospitalizations by
29.0%. Figure 8, the results indicate a positive correlation
between diseases and O3 concentrations, whose higher con-
centration levels. Also, an increase of 10 u;/m3 of SO, in the
daily average corresponded to 0.7% of all cardiovascular
hospitalizations on the same day and the next [38]. On the
other hand, a study conducted in Finland identified an asso-
ciation between exposure to PM and death from stroke [39].
In terms of variance explained each Tables 2, 3, 4, and 5
explicitly includes the percentage of variance explained by
each principal component (e.g., PC1 and PC2). This provides
a clearer understanding of how much variability in the da-
taset is captured by each component. Tables include infor-
mation about which variables (e.g., temperature, wind speed,
or pollutants) are most strongly correlated with hospital
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admissions for specific health conditions.

Table 2 provides the PCA1 and PCA2 variance for hospi-
tal admissions and meteorological variables, allowing us to
evaluate their significance:

1) Hospital Admissions (HIP, CIR, CAR):

a. PCALl (Strong Negative Correlation) with HIP
(-0.49595), CIR (-0.33471), and CAR (-0.37816)
exhibit negative correlations with PCAL. This sug-
gests that hospital admissions increase under colder
atmospheric conditions (low temperatures and small
thermal amplitudes) and higher wind speeds (FF)
and precipitation (RR).

b. PCA2 (Positive Correlation) with HIP (0.721952),
CIR (0.695752), and CAR (0.747348) are strongly
positively correlated with PCA2. This indicates that
secondary meteorological factors, like relative hu-
midity (RH) and atmospheric pressure (Pnmm), may
modulate hospital admissions.

2) Meteorological Variables:

a. Dew Point (Td):

a) PCA1 (0.951358): Strong positive correlation
suggests that higher dew point temperatures (as-
sociated with warmer, more humid conditions) are
linked to fewer hospital admissions.

b) PCA2 (0.067222): Minimal influence on second-
ary patterns.

b. Thermal Amplitude (Tmx-Tmn):

a) PCAL (0.407151): Moderate positive correlation
indicates that larger daily temperature ranges (as-
sociated with warmer seasons) correspond to few-
er hospital admissions.

b) PCA2 (-0.14518): Slight negative contribution
suggests a limited role in secondary seasonal ef-
fects.

c. Atmospheric Pressure (Pnmm):

a) PCA1 (0.292164): Weak positive correlation sug-
gests minimal influence on the primary compo-
nent.

b) PCA2 (0.542491): Moderate positive contribution
highlights Pnmm’s relevance to secondary weath-
er patterns.

d. Average Temperature (Tam):

a) PCAL (0.952752): Very strong positive correla-
tion confirms the protective effect of warmer av-
erage temperatures against hospital admissions.

b) PCA2 (0.080203): Minimal contribution to PCA2.

e. Maximum Temperature (Tmx):

a) PCAL (0.957953): Strong positive loading high-
lights the significant role of higher maximum
temperatures in reducing hospital admissions.

b) PCA2 (0.052191): Negligible influence on sec-
ondary effects.

f. Minimum Temperature (Tmn):

a) PCAL (0.93956): Strong positive correlation indi-
cates that warmer minimum temperatures corre-
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spond to fewer hospital admissions.
b) PCA2 (0.108516): Weak positive contribution re-
flects minimal secondary influence.
g. Relative Humidity (RH):

a) PCAL (0.211238): Weak positive correlation sug-
gests a minor protective role.

b) PCA2 (-0.06672): Negligible contribution to sec-
ondary patterns.

h. Precipitation (RR):

a) PCA1 (-0.51372): Moderate negative correlation
indicates that increased precipitation is associated
with higher hospital admissions.

b) PCA2 (-0.41972): Negative contribution aligns
with the secondary role of RR in exacerbating
admissions.

i. Wind Speed (FF):

a) PCA1 (-0.79084): Strong negative correlation in-
dicates that higher wind speeds, often accompa-
nying colder conditions, correlate with increased
hospital admissions.

b) PCA2 (-0.35446): Moderate negative contribution
suggests consistent impact across components.

From the analysis carried out, we found that seasonal Im-
pacts in Hospital admissions are highest during colder seasons
when PCAL variables dominate. Warmer seasons with higher
temperatures and dew points correspond to fewer hospital
admissions, as captured by the strong positive variances of
Tam, Tmx, and Td on PCAL.

Table 3 summarizes PCAL and PCA2 variances for hospital
admissions and air quality variables, showing the influence of
specific pollutants on health outcomes:

1) Hospital Admissions (HIP, CIR, CAR):

a. PCAL1 (Strong Positive Correlation):

a) HIP (0.929598), CIR (0.786072), and CAR
(0.903412) are strongly positively correlated with
PCAL.

b) This suggests that hospital admissions increase in
association with air quality variables represented
by PCAL, particularly under conditions dominated
by pollutants like NO, and SO,.

b. PCA2 (Weak Negative Correlation):

a) HIP (-0.01412), CIR (-0.13734), and CAR
(-0.00308) have minimal or weak negative corre-
lations with PCA2.

b) This indicates a limited influence of the secondary
component on hospital admissions, suggesting that
PCAZ1 captures the primary impact of air pollution.

2) Air Quality Variables:

a. Nitrogen Dioxide (NOy):

a) PCA1 (-0.03535): Negligible negative correlation
indicates a weak direct relationship between NO,
levels and PCAL.

b) PCA2 (-0.08532): Weak negative contribution to
PCAZ2, reflecting minimal relevance in secondary
seasonal patterns.
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b. Sulfur Dioxide (SO,):

a) PCAL (0.102457): Weak positive correlation sug-
gests SO, contributes modestly to conditions as-
sociated with increased hospital admissions.

b) PCA2 (0.227268): Moderate positive contribution
to PCA2 highlights SO,’s secondary seasonal im-
pact.

c. Ozone (Os):

a) PCAL (0.359594): Moderate positive correlation
implies that higher O; concentrations are associ-
ated with admissions, potentially as a secondary
pollutant under specific conditions.

b) PCA2 (0.729433): Strong positive correlation with
PCAZ2 reflects O3’s role in warmer seasonal pat-
terns, potentially linked to photochemical activity.

d. Particulate Matter (PM10):

a) PCAL (-0.20486): Negative correlation suggests an
inverse relationship with PCA1, potentially re-
flecting PM10’s seasonal variability and its re-
duced influence on admissions during winter.

b) PCA2 (0.804141): Strong positive correlation with
PCA2 indicates PM10’s significant role in sec-
ondary seasonal effects, especially during dry
conditions.

Table 4 summarizes the PCA1 and PCA2 variances for
hospital admissions and meteorological variables. These
values indicate the influence of specific variables on the
patterns observed:

1) Hospital Admissions (HIP, CIR, CAR):

a. PCAL (Strong Negative Correlation):

a) HIP  (-0.75172), CIR (-0.79879), and CAR
(-0.76299) are all negatively correlated with PCAL.
This suggests that hospital admissions increase
under colder and more stable atmospheric condi-
tions, characterized by low temperatures (Tmx,
Tmn, Tam) and small thermal amplitudes
(Tmx-Tmn).

b) These negative correlations emphasize that colder
seasons are critical for increased hospitalizations.

b. PCA2 (Weak Negative Correlation):

HIP (-0.09147), CIR (-0.1017), and CAR (-0.35617) show
weaker negative correlations with PCA2, indicating minimal
influence from secondary meteorological factors like relative
humidity (RH) and precipitation (RR).

2) Meteorological Variables:

a. Dew Point (Td):

a) PCA1 (0.938054): Strong positive correlation
suggests that higher dew point temperatures (as-
sociated with warmer, more humid conditions)
correspond to reduced hospital admissions.

b) PCA2 (-0.25518): Moderate negative loading re-
flects Td’s influence on secondary seasonal pat-
terns.

b. Thermal Amplitude (Tmx-Tmn):
a) PCAL (0.932466): Strong positive correlation in-

dicates that larger daily temperature variations,
typical of warmer seasons, are linked to fewer
hospital admissions.

b) PCA2 (0.202731): Moderate positive contribution
suggests relevance in specific weather patterns.

c. Atmospheric Pressure (Pnmm):

a) PCA1 (0.33768): Weak positive correlation indi-
cates limited influence on hospital admissions.

b) PCA2 (-0.54276): Moderate negative contribution
suggests that low-pressure systems, which domi-
nate in winter, might indirectly affect hospital ad-
missions.

d. Average Temperature (Tam):

a) PCA1 (0.906769): Strong positive correlation
confirms that warmer average temperatures reduce
hospital admissions.

b) PCA2 (0.119969): Minor positive contribution re-
flects minimal influence on PCA2.

e. Maximum Temperature (Tmx):

a) PCA1 (0.917765): Strong positive loading high-
lights the protective effect of higher maximum
temperatures on hospital admissions.

b) PCA2 (0.188284): Moderate positive contribution
to secondary components.

f. Minimum Temperature (Tmn):

a) PCA1 (0.787711): Strong positive correlation with
PCAL confirms that warmer minimum tempera-
tures are associated with fewer admissions.

b) PCA2 (0.149842): Weak npositive contribution
aligns with other temperature variables.

g. Relative Humidity (RH):

a) PCA1 (0.14443): Weak positive correlation sug-
gests limited direct impact on hospital admissions.

b) PCA2 (-0.93453): Strong negative correlation in-
dicates that higher relative humidity might exac-
erbate conditions leading to hospitalizations under
certain weather patterns.

h. Precipitation (RR):

a) PCA1 (-0.5634): Moderate negative correlation
reflects increased hospital admissions during wet-
ter conditions, typically in winter.

b) PCA2 (0.727954): Strong positive loading em-
phasizes RR’s role in secondary seasonal effects.

i. Wind Speed (FF):

a) PCA1 (-0.671): Strong negative correlation indi-
cates that higher wind speeds, often accompanying
colder conditions, correlate with increased hospital
admissions.

b) PCA2 (0.482905): Moderate positive contribution
aligns with RR in PCA2.

Table 5 presents PCA1 and PCA2 variances for annual air
quality variables (NO,, SO,, O3, PM10) and hospital admis-
sions. These values illustrate how hospital admissions corre-
late with air pollution levels across different components:

1) Hospital Admissions (HIP, CIR, CAR):
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a. PCAL (Negative Correlation):

a) HIP (-0.92584), CIR (-0.89984), and CAR
(-0.97183) are strongly negatively correlated with
PCAL.

b) This suggests that hospital admissions increase
under conditions linked to high levels of pollutants
such as NO, and SO,, which typically peak during
colder months.

b. PCA2 (Positive Correlation):

a) HIP (0.24794), CIR (0.237591), and CAR
(0.117763) have weak positive correlations with
PCA2.

b) This indicates a secondary influence from pollu-
tants like O3 and PM10, which are more prevalent
during warmer or drier conditions.

2) Air Quality Variables:

a. Nitrogen Dioxide (NOy):

a) PCAl (0.297674): Weak positive correlation,
suggesting NO,'s role in wintertime pollution pat-
terns associated with increased hospital admis-
sions.

b) PCA2 (0.852939): Strong positive correlation with
PCA2 reflects NO,’s contribution to secondary
seasonal or regional effects.

b. Sulfur Dioxide (SOy):

a) PCA1 (-0.15504): Weak negative correlation in-
dicates limited influence on the primary compo-
nent.

b) PCA2 (-0.83686): Strong negative correlation
suggests that SO, concentrations, while impactful,
are less relevant to secondary patterns of hospital
admissions.

c. Ozone (0O,):

a) PCAL (-0.64697): Moderate negative correlation
implies that higher O; concentrations are associ-
ated with reduced hospital admissions during
colder months.

b) PCA2 (-0.10473): Weak negative contribution to
PCA2 suggests limited relevance in warmer-season
patterns.

d. Particulate Matter (PM10):

a) PCAL (0.807812): Strong positive correlation in-
dicates a significant role for PM10 in the primary
component, likely tied to particulate transport
events during drier, colder conditions.

b) PCA2 (0.131691): Weak positive correlation re-
flects its minor contribution to secondary seasonal
effects.

The results of the PCA analysis suggest that continuous
monitoring of weather conditions and air quality can enable
more accurate forecasts and targeted preventive actions,
especially in higher risk months. The relationship between
specific pollutants and hospital admissions highlights the
need for more effective policies to control emissions of these
gases, particularly in critical months such as winter and
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spring.

For linking our results more explicitly to public health
policies and practices we propose early warning systems,
targeted interventions, integrated monitoring and policy
recommendations. Our findings on the influence of minimum
temperatures, humidity, and air pollutants on hospital admis-
sions highlight the potential for developing early warning
systems. These systems could alert healthcare providers and
at-risk populations during periods of extreme weather or
poor air quality. For the other hand, the seasonal patterns
identified suggest the need for targeted interventions during
high-risk periods (e.g., winter months). Measures could in-
clude public health campaigns to encourage preventive be-
haviors, enhanced access to healthcare services, and support
for vulnerable populations. Also, we recommend incorporat-
ing meteorological and air quality monitoring into health
management systems to improve the predictability of health
risks and allocate resources more effectively. For policy
recommendations, our results reinforce the necessity of poli-
cies aimed at mitigating air pollution, particularly reducing
emissions of NO, and SO, during winter and spring months.
These additions strengthen the connection between the
study’s findings and practical measures that can enhance
public health resilience in the face of environmental chal-
lenges.

High relative humidity was found to correlate with in-
creased hospital admissions for hypertension, particularly
during the winter months. This effect may be attributed to
the physiological stress caused by high moisture levels in
combination with low temperatures, exacerbating condi-
tions like blood pressure dysregulation. Small thermal am-
plitude (daily temperature fluctuations <5<C) was linked to
an increase in hypertension-related hospitalizations, poten-
tially due to a lack of physiological adaptation to sudden
temperature changes. In our study we find that cold and
humid conditions have a compounded effect on hyperten-
sion risk. This aligns with the hypothesis that combined
environmental stressors intensify health risks. For example,
ensuring access to well-heated living spaces and promoting
public awareness about the risks of cold exposure could
mitigate these effects.

According to the Fourth Assessment Report of the Inter-
governmental Panel on Climate Change in 2007, extreme
weather conditions and rapid, short-term changes in atmos-
pheric conditions will become more and more frequent in the
future [40]. There are some studies about the relationship
between climate change and health risks in small island re-
gions. [41] is highlight that small island states face
health-related problems due to sea-level rise, including
coastal flooding, storm surges, and salination of freshwater
sources, leading to increased incidences of malaria, dengue
fever, diarrheal diseases, and respiratory infections. [42] the
Intergovernmental Panel on Climate Change reports that
small islands are increasingly affected by temperature in-
creases, tropical cyclones, storm surges, droughts, and
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changing precipitation patterns, all of which have detectable
impacts on both natural and human systems. [43] the mental
health challenges in developing island states, noting that
climate change related events contribute to psychological
stress and mental health disorders among island populations.

Our findings show that low temperatures and high humid-
ity levels are associated with increased hospital admissions
for hypertension and cardiovascular diseases align with prior
research, such as [3] and [7], which highlight the physiolog-
ical stress of cold and humid conditions on cardiovascular
systems. The significant impact of NO, and SO, pollutants
on hospital admissions corroborates findings by [10] and [34]
demonstrating the role of air pollution in exacerbating car-
diovascular conditions. While some studies like [11] report a
strong correlation between PM10 levels and cardiovascular
outcomes, our analysis revealed an inverse relationship. This
divergence may be due to interactions with other climatic
variables. Previous studies often focus on urban environ-
ments; in contrast, our findings in an insular region with
unique climatic dynamics highlight localized effects that
may not be as pronounced in mainland settings. By using
data from the Azores, our study provides insights into the
combined influence of maritime climate, air quality, and
healthcare outcomes.

In the research carried out, the authors did not find refer-
ences to studies on small islands and the parameters used in
this study. Thus, a better understanding of atmospheric pa-
rameters can help establish new cardiovascular prevention
strategies against them, suggested by Boussoussou [37].

5. Conclusions

This study sought to determine how meteorological and
environmental factors influence cardiovascular health risks in
the Azores. Also, providing compelling evidence of the sig-
nificant influence of meteorological variables and air quality
on hospital admissions for cardiovascular, hypertension, and
circulatory system diseases in Faial Island, Azores, over the
period from 2010 to 2019. The results reveal clear seasonal
patterns, with colder months associated with higher hospital
admissions, likely driven by the physiological stress induced
by low temperatures, increased humidity, and higher pollu-
tant concentrations. Conversely, warmer months exhibit a
relative decline in admissions, reflecting the moderating
effects of milder climatic conditions.

Key findings from the analysis demonstrate the intricate
interplay between environmental factors and public health
outcomes. Minimum temperatures, dew point levels, and
wind speeds were among the most influential meteorological
variables, while pollutants such as NO, and SO, showed
strong correlations with hospitalizations during winter and
spring. The observed inverse relationship between PM10 and
hospital admissions, as well as the positive correlation with
0s, underscores the complexity of pollutant impacts under
varying climatic conditions. The specific findings highlight:
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1) Temperature and thermal amplitude: lower minimum
temperatures were associated with an increase in car-
diovascular disease admissions, particularly during
weeks with average temperatures in the 0-25% percen-
tile range. Reduced thermal amplitudes (below 5<C)
also corresponded to higher cardiovascular and circu-
latory admissions, reflecting the physiological stress of
cold, stable weather conditions.

2) Humidity and dew point: weeks with higher relative
humidity (above 75%) and lower dew points showed a
consistent association with increased hypertension cas-
es. This suggests that colder and more humid condi-
tions exacerbate hypertensive crises.

3) Wind speed and precipitation: peaks in wind speed
(75-100% percentile) correlated with an increase in
circulatory disease cases, particularly in the winter
months, possibly due to indirect effects such as cold air
exposure. High precipitation levels (above 50 mm/week)
were linked to cardiovascular and circulatory admis-
sions, especially during prolonged wet conditions in
late autumn and early winter.

4) Air quality: elevated levels of NO, and SO, were
strongly associated with hospital admissions during the
winter and spring months, indicating the impact of pol-
lution under colder, stable atmospheric conditions. Par-
ticulate matter showed an inverse relationship with ad-
missions, likely reflecting its seasonal variability and
interaction with other pollutants.

These findings underscore the complex interplay between
specific meteorological and air quality variables and their
health impacts, highlighting critical periods for targeted
interventions.

The application of Principal Component Analysis further
highlighted the seasonal dependence of hospital admissions
on meteorological and air quality variables. The winter and
spring months emerged as high-risk periods, characterized by
cold temperatures, small thermal amplitudes, and increased
pollutant concentrations. The findings emphasize the need
for region-specific analyses, particularly in insular areas like
the Azores, where local climate dynamics and air quality
variability can amplify health risks.

The values of variances presented in Table 2 suggest im-
plications about seasonal public health strategies with focus
on winter months predicting increased hospitalizations due to
adverse weather conditions. Implement interventions for
high-risk populations during cold and wet periods. From
Table 3 we observed that HIP, CIR, and CAR are strongly
positively correlated with PCA1, confirming that pollutants
like NO, and SO, are significant contributors to hospital
admissions, particularly in colder months. For public health
targeted interventions should focus on reducing NO, and SO,
during winter to mitigate health risks. Table 4 presents nega-
tive PCAL variances values for HIP, CIR, and CAR con-
firming that colder weather conditions, characterized by low
temperatures, low thermal amplitudes, and high wind speeds,
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drive hospital admissions. This aligns with seasonal trends
where winter conditions exacerbate hypertension, circulatory,
and cardiovascular issues. For Table 5 we conclude that the
strong negative correlations of hospital admissions with
PCAL indicate that pollutants like NO, and PM10 are signif-
icant contributors to adverse health outcomes, particularly
during colder months. The findings emphasize the need for
seasonal air quality monitoring and targeted public health
interventions, particularly during high-risk winter months
when NO, and SO, peak.

This study underscores the importance of integrating me-
teorological and air quality monitoring into public health
planning and policy development. Predictive models based
on seasonal patterns and environmental variables can support
early warning systems, enabling healthcare systems to pre-
pare for periods of increased hospital admissions. Adaptive
measures, such as public awareness campaigns, improved
heating systems, and pollution control policies, are crucial
for mitigating the adverse effects of environmental variabil-
ity on population health.

As climate change continues to alter weather patterns and
exacerbate air quality issues, these findings highlight the
urgency of addressing the interconnected challenges of en-
vironmental and public health management. Future research
should focus on expanding the geographic scope of similar
studies, exploring the long-term health impacts of climate
variability, and evaluating the effectiveness of adaptive in-
terventions in vulnerable communities.

This research contributes to the growing body of evidence
on the health impacts of climate variability, providing critical
insights for developing proactive and regionally tailored
public health strategies in the context of a changing global
climate. Implementing early warning systems based on me-
teorological and air quality indicators could play a vital role
in reducing cardiovascular health risks in the Azores and
similar regions.

Abbreviations

AMI Acute Myocardial Infarction

CAR Cardiovascular Disease

CIR Circulatory Disease

FF Wind Speed

HIR Hypertension Disease

HR Realtive Humidity

NO, Nitrogen Dioxide

O3 Ozone

PM10 Particulate Matter with Diameter Less
Than 10 pm

PM2.5 Particulate Matter with Diameter Less
Than 2.5 pm

Pnmm Atmospheric Mean Sea Level Pressure

RR Rainfall

Tam Monthly Average of Average Daily

Temperatures

TD Dew Point
Tmax Maximum Weekly Temperature

Tmax - Tmin  Weekly Thermal Amplitude

Tmn Monthly Average of Daily Minimum
Temperatures

Tmx Monthly Average of Daily Maximum
Temperatures

Tmx - Tmn Thermal Daily Amplitude

Tmin Minimum Weekly Temperature

SO, Sulfur Dioxide
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