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1. Introduction

The climate and weather of the Earth have a significant impact on the biological functions
and health of the human body. Today, we are facing the wide-ranging effects of global climate
change, which is increasing the importance of their impact on human health. Climate change
affects weather and weather patterns, which may be directly related to both communicable and
non-communicable diseases.

In the last 20 years, we have seen a surge in human biometeorological research
investigating the effects of meteorological factors on human health. Much of this work has
investigated the links between various cardiovascular diseases and temperature increases
associated with global climate change, particularly heatwaves. These types of studies have
mostly focused on mortality, including excess mortality caused by heat waves, which have
helped to develop different heat action plans in Europe and worldwide. However, another major
aspect, morbidity, in particular hospital or emergency department admissions related to
respiratory diseases, has received considerably less attention.

Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung disease that
affects more than 200 million people worldwide, with around 16 million new cases each year
and more than 3 million deaths, making it the third leading cause of death globally. Smoking is
the number one risk factor for COPD, but indoor and outdoor air pollution cannot be neglected.
In addition, there is evidence of higher risk from different types of occupations, such as mining,
agriculture, construction, respiratory infections, and different weather conditions.

COPD-related mortality shows seasonal variation, with significantly higher mortality in
the winter months. Cold spells, cold waves, and low daily mean temperatures all increase the
risk of COPD-related mortality. The frequency of COPD-related hospitalizations is also
inversely related to temperature, with typically higher morbidity during winter. Extremely cold
and hot temperatures can both increase COPD morbidity, which can also lead to a worsening
of the symptoms of the disease. Both daily heat exposure and diurnal temperature variation also
pose a risk for both morbidity and mortality because of COPD. The limited evidence suggests
that extremely low dew point may also increase the number of COPD-related emergency visits.
Reasons include an increased risk of cold-weather-induced airway inflammation and
respiratory tract infections and an increase in cold-weather-induced respiratory exacerbations.
It is important to note that weather effects on COPD can vary from individual to individual,

depending on the age, sex, and other factors of the patient.



2. Aims

There is limited information available on COPD-related hospital and emergency
department admissions, so my research aimed to investigate the following aspects:

e What impact do extreme weather conditions have on COPD-related emergency
department visits?

e [s there any relationship between diurnal variability in weather and COPD-related
emergency department visits?

e If so, provide an answer to whether significant changes or stable conditions are riskier
for COPD patients.

e In parallel, determine whether the length of those periods has an impact on COPD-

related emergency department visits.

Answering these questions is key to a better understanding of the environmental risk
factors for people diagnosed with COPD. However, these results alone do not reveal much
about who are most vulnerable in the COPD population. Therefore, my aim was also:

e To stratify the analysis by age and sex to identify groups that are particularly vulnerable
to weather conditions.
e to use the results to raise awareness among emergency department staff about periods

of risk and vulnerable groups so that they can deliver care more effectively.



3. Materials and Methods

The database created during my research covers two large data sets: on the one hand, I
had to use weather data of the city of Pécs, and on the other hand, I needed clinical patient data
for the analyses. Both data sets were collected for the period from 1 January 2010 to 31
December 2019 and organized in a common database. The data on meteorological parameters
included daily minimum, maximum and mean temperatures in degrees Celsius (°C); daily
precipitation in millimeters (mm); daily mean dew point in degrees Celsius (°C); daily mean
station-level air pressure in hectopascals (hPa); daily mean wind speed in meters per second
(m/s); and daily mean relative humidity in percent (%). The data source was the Pécs-Pogany
Airport meteorological station and the meteorological station operated by the Department of
Physical and Environmental Geography (DPEG), Institute of Geography and Earth Sciences,
University of Pécs Faculty of Sciences (UP FS IGES). Data on patients were extracted from the
e-MedSolution database of the Clinical Centre of the University of Pécs (UP CC). I collected
the following data for those registered by the Emergency Department (EB) in outpatient care
aged 18 years and older: sex; date of birth; date of admission and discharge to the department;
and post-admission diagnoses.

The daily data of Pécs-Pogéany Airport were first converted from the British system to the
metric system. This was followed by the processing of the DPEG meteorological data, where I
created daily summaries of minute-by-minute data. After preparing the data, the extremes
derived from them had to be determined, which was solved by dichotomization: each weather
variable was split into two groups according to the 1%, 5%, 10%, 90" 95" and 99" percentile
values. In the case of 1%, 5%, and 10" percentiles, values less than or equal to the cut-off value
were coded 1, and the others 2. In the case of 90, 95, and 99" percentiles, values greater than
or equal to the cut-off value were coded 1, the others were coded 2 in the database. In the next
step, the weather variations for consecutive days were determined by calculating the difference
between the measured values for each day and the parameters for the previous day. The diurnal
temperature range was also added to the database which was calculated by the difference
between the daily maximum and minimum temperatures. To define significant and non-
significant daily changes, the standard deviations of each parameter was used: when the daily
change was within one standard deviation, I considered the day as non-significant and changes
outside one standard deviation as significant. The length of the intervals to these periods

(significant and non-significant change) was also assigned.



To group the patient data, the patients who visited the ED for COPD-related emergency
care were sorted according to the BNO-10 codes as defined in the international literature:
patients with a code J4400, J4410, J4480, or J4490 were assigned a code 1 in the database, the
others a code 2. I then aggregated the data on COPD presentations based on daily averages,
where days with above-average COPD-related ED visits were assigned a code 1, and days with
equal than or below average were assigned a code 2. The study population was split by sex and
age groups. In terms of sex, males were assigned a code 1 and females a code 2, and in terms
of age, two groups were formed based on the mean age of COPD patients: those under 67 years
(group 1) and those over 67 years (group 2).

Statistical analyses were performed using IBM SPSS 28 and Jamovi 2.3.28 software. The
descriptive statistics included climatological characteristics of the city of Pécs, the observed
weather extremes and the characteristics of the daily changes in the weather, as well as the
demographic characteristics of the patients registered at the ED, especially COPD-related visits.
Demographic characteristics were tested using the Mann-Whitney U test to show the difference
in various attributes between sex and age groups. The associations between extreme values of
weather parameters and extreme changes in weather parameters (independent variables) and an
above-average number of COPD-related benefits (dependent variable) were examined using
contingency (2x2 table) tables to generate risk estimates between dependent and independent
variables. Stratified analyses by age groups and sex and Mantel-Hanszel odds ratio calculations
were also performed. The effects of the magnitude and duration of diurnal changes in weather
on COPD case rates were determined by ordinal logistic regression analysis with a pretest using
collinearity analysis. The ordinal logistic regression analysis was performed stratified by sex
and age groups as well. The significance levels were set at p<0.05, so the confidence interval

(CI) was 95% in all cases.



4. Results

4.1. Weather Parameters and COPD-related ED visits

Extremely low daily mean temperatures were identified as a risk factor, with a 27.5%-
58.3% increased chance of having a higher-than-average number of daily COPD-related ED
visits. Similar associations were also observed with extremely low values of daily minimum
and maximum temperatures, which indicated an increased chance of a higher-than-average
number of daily COPD-related ED visits by 35.8%-47.6%. Extremely low values of dew point
were associated with significantly higher odds (76.2%-95%) of a higher-than-average number
of daily COPD-related ED visits on those days. Extremely low values of relative humidity were
associated with a 25.6%-57.5% chance of a higher-than-average number of daily COPD-related
ED visits. However, the most significant risk factor was identified as days with a maximum
pressure above 1013 hPa, which increased the odds of a higher-than-average number of daily

COPD-related ED visits by 136.5% (Figure 1).
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Figure 1. The odds ratios (OR) and their corresponding 95% confidence intervals (95%CI) for extremes of

meteorological parameters and the higher-than-average number of daily COPD-related ED.

The daily mean, maximum, and minimum temperature extremes were identified as
protective factors, which reduced the odds of a higher-than-average number of daily COPD-
related ED visits by 23.4%-55.3%. In addition, extremely high values of dew point were found
to be a protective factor, reducing the odds of a higher-than-average number of daily COPD-



related ED visits by 29.1% (Figure 2). There was no sign that either sex or age acted as a

confounder or an effect modifier.
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Figure 2. The odds ratios (OR) and their corresponding 95% confidence intervals (95%CI) for extremes of

meteorological parameters and the higher-than-average number of daily COPD-related ED.

4.2. The Extremes of Daily Weather Variations and COPD-related ED-visits

The extremes of daily weather variations are associated with COPD-related ED visits.
While the picture is mixed for mean temperature variability - both a large decrease (38.5%
higher chance) and a large increase (49.1%-66.9% higher chance) can be considered as a risk
factor - for the other meteorological parameters studied, it is established that extreme decreases
or increases in their values negatively influence the higher-than-average number of daily
COPD-related ED visits. A decrease of more than 9.111°C in maximum temperature increased
the odds of a higher-than-average number of daily COPD-related ED visits by 91.5%. On
consecutive days with a greater than 3.722°C difference in minimum temperature, the odds of
having a higher-than-average number of daily COPD-related ED visits increased by 30.6%. For
differences in dew point changes, on days with a 2.722°C increase from the previous day, the
odds of having a higher-than-average number of daily COPD-related ED visits increased by
30.6%. For air pressure difference and wind speed difference, days, when these parameters
decreased, were more likely to have a higher-than-average number of daily COPD-related ED
visits: a decrease in air pressure difference of at least 5.1 hPa increased this chance by 42.3%-
50.1%; for wind speed difference, a decrease of at least 5.741 m/s was required for a higher-
than-average number of daily COPD-related ED visits to occur with a 34.1%-66.1% chance

(Figure 3). There was no sign that either sex or age acted as a confounder or an effect modifier.
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Figure 3. The odds ratios (OR) and their corresponding 95% confidence intervals (95%CI) for extremes of

meteorological parameters’ variability and the higher-than-average number of daily COPD-related ED visits.

4.3. The Duration and Magnitude of Weather Variability and COPD-related Emergency
Visits

Three parameters were identified that influence COPD case rates by their variability over
time. These were the variability of diurnal temperature range, air pressure, and relative
humidity. When examining the duration of each period, I found that the shorter the period of
stable conditions, the higher the chance of an increase in COPD case rates. Despite the low odds
of an increase in COPD case rates under these conditions (0.3%-1.9%), the results indicate a
statistically significant association (Figure 4). When stratified by sex, I found that the shorter
the period of stable air pressure, the higher the odds of an increase in male COPD case rates
(1.7%) (Figure 5). In the female population, no statistically significant results were observed
for any of the parameters examined. Similar to the female population, my stratified analysis did

not indicate a statistically significant association for age groups either.
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Figure 4. The odds ratios (OR) and their corresponding 95% confidence intervals (95%CI) for the daily

variation of meteorological parameters and the COPD case rates (***p<0.001, *p<0.05).
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Figure 5. The odds ratios (OR) and their corresponding 95% confidence intervals (95%CI) for the daily

variation of meteorological parameters and the male COPD case rates (***p<0.001).

The analysis of the magnitude and duration of weather variability and its effects on COPD
case rates was also conducted. Looking at the whole population, I found associations for four
parameters. Changes in the diurnal temperature range of more than 3.618°C in a short period
increased the odds of an increase in COPD case rates by 0.5%. Changes in air pressure and
relative humidity increased the chance of higher COPD case rates by 2.7% and 2.8%,
respectively, when the magnitude of their change did not exceed one standard deviation and the
intervals of change were short. Associations in opposite directions were observed for changes
in precipitation. When the change in precipitation was within one standard deviation and the
interval was long, the chance of having more COPD cases increased by 0.6% (Figure 6). The
analysis did not indicate a statistically significant association for variability of daily mean-,
maximum-, and minimum temperatures.

Using stratified analysis, I attempted to determine whether there are differences in the
effects of variability in weather parameters between sex and age groups. For diurnal
temperature range variability, the analysis revealed a fundamental difference: while changes of
more than one standard deviation (3.618°C) over a short period increased the odds of higher
female and male COPD case rates by 0.3% and 0.4%, respectively, changes of less than one
standard deviation over a short period increased the odds of higher male COPD case rates by
19.6%. For changes in air pressure and relative humidity, COPD case rates for both sexes
increased with similar odds compared to the whole population: when the magnitude of change
did not exceed one standard deviation and these intervals were shorter, the odds of higher
female COPD case rates were 1.6% and 1.8%, respectively, and the odds of higher male COPD

case rates were 2.6% and 2.5%, respectively. For precipitation variation, the opposite direction
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was seen for sex, and to a similar extent: when a difference in precipitation was observed over
a long period, the odds of having a higher number of female COPD cases increased by 0.4%,
compared with 0.5% for male COPD cases (Figure 6). The results did not indicate that there
was a significant difference in COPD case rates for the young or elderly population compared

with COPD case rates for the overall population.
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Figure 6. The odds ratios (OR) and their corresponding 95% confidence intervals (95%ClI) for the duration and
magnitude of weather variability and COPD case rates of the total, male, and female population (*p<0.05).
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5. Discussion

5.1. Weather Parameters and COPD-related ED visits

I found statistically significant associations between extremely low daily mean (below -
0.167°C), maximum (below 2.922°C), and minimum (below —2.578°C) temperatures and
higher-than-average numberr daily of COPD-related ED visits. These weather conditions
increased the risk of a higher-than-average number daily of COPD-related ED visits by 27.5%-
58.3%. In addition, a statistically significant association has been found between extremely low
values of dew point (below —3.333°C) and relative humidity (below 35.253%) and higher-than-
average numbers daily of COPD-related ED visits. The results suggest that there was a 14.8%-
95% chance of a higher-than-average number daily of COPD-related ED visits occurring on a
given day. The highest risk was associated with extremely high air pressure (above 1013.008
hPa): the risk of a higher-than-average number daily of COPD-related ED visits increased by
136.5% when such air pressure conditions existed (Figure 1). Our results are consistent with
other studies investigating the association between cold temperature events and the frequency
of respiratory disease and COPD-related emergency visits. However, there is limited research
available on the dew point, my previous work has already revealed a link between extremely
low dew point and a higher-than-average number of COPD-related ED visits.

In parallel, my research also found that high daily mean (above 23.444°C), maximum
(above 31.296°C) and minimum temperatures (above 18.722°C) and high dew point (above
15.389°C) were identified as protective factors for above average COPD-related emergency
care. These weather conditions can reduce the odds of having a higher-than-average number of
COPD-related ED visits by 23.4%-55.3% (Figure 2).

A stratified analysis by sex and age groups was performed to see whether these attributes
have a confounding effect or possibly modify the effect of the meteorological parameters on
the association between COPD-related emergency care. The data revealed that the majority of
COPD-related ED visits were made by older patients compared with patients admitted with
non-COPD-related visits. There was also a female predominance among COPD patients, just
as there was among patients admitted with non-COPD-related visits. However, my results do
not establish that the association between weather factors associated with extreme cold weather
and higher-than-average number of COPD-related ED visits is influenced by sex or age.

In summary, extreme cold atmospheric conditions significantly increase the chances of a
higher-than-average number of COPD-related ED visits, and extreme warm weather reduces

this type of risk. The reasons can be attributed to an increased risk of cold weather-induced
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airway inflammation and respiratory tract infections and an increase in cold weather-induced

respiratory exacerbations.

5.2. The Extremes of Daily Weather Variations and COPD-related ED-visits

In my research, I found that extreme daily mean temperature changes (at least 4.055°C
cooling, 2.693°C warming), maximum temperature changes (at least 9.111°C cooling), and
minimum temperature changes (at least 3.722°C warming) were significantly associated with a
higher-than-average number of COPD-related ED visits. These temperature changes increased
the odds of a higher-than-average number of COPD-related ED visits by 30.6% and 91.5%,
respectively. In addition, a statistically significant association was found between dew point
change (at least 2.722°C increase), air pressure change (at least 5.1 hPa decrease) and mean
wind speed change (at least 5.741 m/s decrease), and a higher-than-average number of COPD-
related ED visits. These changes increased the odds of a higher-than-average number of COPD-
related emergency visits by 30.6% and 66.1% on the days of interest (Figure 3). The results of
my thesis confirm the conclusions of other studies, including our own earlier study, which came
to similar conclusions. Sudden temperature changes can cause stress on the respiratory system,
leading to inflammation and airway constriction. This can cause breathing difficulties and
exacerbations in people with COPD.

In summary, extreme diurnal temperature range, dew point, air pressure, and wind speed
changes significantly increase the risk of a higher-than-average number of COPD-related ED

Visits.

5.3. The Duration and Magnitude of Weather Variability and COPD-related Emergency
Visits

COPD case rates are influenced by three factors that can be relevant to the temporal
variability of changes: the variability of diurnal temperature range, changes in air pressure, and
changes in relative humidity. Examination of each period showed that the shorter the period of
stable atmospheric conditions - i.e. the more variable the weather pattern - the more likely it is
that COPD case rates will increase. Despite the low odds (0.3%-1.9%) of an increase in COPD
case rates under these conditions, the results suggest a statistically significant association
(Figure 4). I also stratified the analysis to identify the effect of sex on the duration of variability
of weather and the association between COPD-related ED visits. When examining the different
periods, I found that the shorter the duration of stable air pressure, the more likely the increase

in COPD case rates among males (1.7%) (Figure 5). For the female population, I did not find a
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statistically significant association for any of the parameters examined. These results are in line
with other studies exploring the association between respiratory disease and diurnal temperature
range, demonstrating the role of this parameter in respiratory hospitalizations, including COPD-
related ED visits.

COPD case rates are influenced by three factors that can be relevant to the temporal
variability of changes: the variability of diurnal temperature range, changes in air pressure, and
changes in relative humidity. Examination of each period showed that the shorter the period of
stable atmospheric conditions — i.e. the more variable the weather pattern — the more likely it is
that COPD case rates will increase. Despite the low odds (0.3%-1.9%) of an increase in COPD
case rates under these conditions, the results suggest a statistically significant association
(Figure 4). I also stratified the analysis to identify the effect of sex on the duration of variability
of weather and the association between COPD-related ED visits. When examining the different
periods, I found that the shorter the duration of stable air pressure conditions, the more likely
the increase in COPD case rates among men (1.7%) (Figure 5). For the female population, I did
not find a statistically significant association for any of the parameters examined. These results
are in line with other studies exploring the association between respiratory disease and daily
heat intake, demonstrating the role of the diurnal temperature range in respiratory
hospitalizations, including COPD-related ED visits.

In stratified analyses, the effects of variability in weather parameters on COPD case rates
were examined for sexes. I found significant differences between sexes for diurnal temperature
variability. While changes of more than one standard deviation (3.618°C) over a short period
increased the odds of higher COPD case rates in females and males by 0.3% and 0.4%,
respectively, changes of less than one standard deviation over a short period increased the odds
of higher COPD case rates in males by 19.6%. For changes in air pressure and relative humidity,
the increase in COPD case rates for each sex was similar to the increase observed in the overall
population. For the short-term, one standard deviation changes, the odds of higher COPD case
rates increased by 1.6% for females and 2.6% for males. For relative humidity changes, the risk
increased by 1.8% in females and 2.5% in males. For precipitation changes, the sex-specific
associations were consistent with those observed in the overall population. Long-lasting
precipitation variation within one standard deviation increased the odds of higher COPD case
rates by 0.4% in females and by 0.5% in males. My results are consistent with previous studies
that have reported greater susceptibility to diurnal temperature ranges in male COPD patients.

However, it should be noted that these studies show a male predominance, which may result in
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men appearing more sensitive to these weather changes, in contrast to the population studied in

this thesis.
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6. Conclusions

Days with an extremely low dew point of below -3.333°C had a 76.2%-95% chance of
resulting in a higher-than-average number of daily COPD-related ED visits.

Days with extremely high barometric pressure values above 1013.008 hPa had up to
136.5% higher odds of a higher-than-average number of daily COPD-related ED visits.

When the daily dew point increase was extreme, at least 2.722 °C, there was a 30.6%
chance of a higher-than-average number of daily COPD-related ED visits.

On days when the air pressure decreased day by day and this decrease was greater than
5.1 hPa, the odds of having a higher-than-average number of daily COPD-related ED
visits ranged from 42.3% to 50.1%.

When the average wind speed decreased by at least 5.741 m/s from one day to the next,
the odds of having a higher-than-average number of daily COPD-related ED visits
varied between 34.1% and 66.1%.

When the magnitude of the change in air pressure and relative humidity change did not
exceed one standard deviation and the intervals were short, the odds of having a higher
COPD case rate in the emergency department were 2.7%-2.8%.

A change in temperature of up to 3.618°C within a short interval increased the odds of

registering more COPD-related emergency department visits among males by 19.6%.
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