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Introduction

ABSTRACT

Background: The aim of this study was to investigate numerous daily weather conditions and the inci-
dence of out-of-hospital cardiac arrest (OHCA) in the moderate climate of Poland. The authors particularly
wanted to examine yet poorly explored individual atmospheric parameters that may presumably influence
the incidence of OHCA.

Methods: The retrospective analysis of OHCA cases based on dispatch cards from Emergency Medical
Centre in Opole, Poland covering 2 years (2006—-2007). Total of 815 adults with presumed cardiac aetiology
of OHCA was included.

Results: The mean age of the group was 69,2 = 14,2 years, with the majority of men (63%). No statistically
significant differences were found in the incidence of OHCA regarding analysed weather conditions. In
the subgroup of men, the incidence of OHCA was higher on days with the atmospheric pressure increase
between consecutive days (p = 0.028) with the highest prevalence on days with pressure increase less
than 5 hPa (p = 0.026). In a group of patients < 65 years old the incidence of OHCA was the highest on
days with day-to-day pressure change between 0.1 and 4.9 hPa (p = 0.025).

Conclusions: Among many weather parameters, only a few of them might be significant for the occurrence
of OHCA in the moderate climate of Poland. In the population of men and patients < 65 years old the
incidence of OHCA may be influenced by atmospheric pressure changes.
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a chronological pattern [7-8]; for example, a seasonal
variability was observed with a higher incidence of

Out-of-hospital cardiac arrest (OHCA) is a consid-
erable health problem worldwide. Although the recent
studies presented that the survival rate has improved
[1-2] it is still low, ranging from 8% in the USA to 10,7%
in Europe [3-4]. The majority of OHCA events (70-85%)
have a cardiac aetiology and there are well-established
patient-related risk factors such as age, sex, body
weight, medical history of cardiac disease and comor-
bidities [5]. However, some environmental factors are
also reported to be related to the incidence of OHCA [6].
It has been reported that sudden cardiac arrest follows

events noticed during winter [9]. Some studies have
also revealed an association between atmospheric
conditions and cardiac acute events in different geo-
graphical regions. There is a considerable evidence
that extreme temperatures and sudden temperature
changes increase acute cardiac events rate [10-14].
Presumably, not only the absolute temperatures are
essential but day-to-day or month-to-month temperature
changes could also have a potential significance. The
other studies have found an association between atmo-
spheric pressure and changes in arterial blood pressure
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or the incidence of acute coronary deaths [15-16]. To
date, Polish experience is not well represented in this
particular field. Poland lies in a moderate climate zone
with mixed continental and oceanic influences and it
evidently differs from other countries located not only
in equatorial or subtropical climate, but also European
ones. Recently we explored the monthly and seasonal
variation of OHCA occurrence with respect to seasonal
temperature and this is the first report among polish
ones [17]. Potentially, advancing the knowledge about
weather-related factors influencing OHCA occurrence
in our climate may facilitate the development of man-
agement strategies aimed at improving the survival.

Therefore we aimed to investigate daily weather con-
ditions and the incidence of OHCA of cardiac aetiology
among the adult population of Opole district, Poland. In
particular, we examined yet poorly explored individual
atmospheric parameters that may possibly influence
the incidence of OHCA, selecting the following: daily
mean temperature, mean relative pressure, mean rela-
tive humidity, daily mean cloudiness, daily rainfall, daily
snowfall, daily sunshine duration, storm occurrence,
and day-to-day changes in mean temperature, mean
relative pressure and mean relative humidity.

Methods

We performed a retrospective analysis of dispatch
cards from Emergency Medical Services (EMS) in
Opole (Poland) covering a 2-year period from January
1st, 2006 to December 31th, 2007. Dispatch cards were
compatible with the Utstein template. Cards without
data regarding the study criteria were not considered
for the analysis. Opole district is located on the south
of Poland and occupies 1683 km?. During the study
period, it was inhabited by approximately 262 000 citi-
zens (47.8% of which were men). The district includes
129 km? of urban areas inhabited by 56% of the pop-
ulation [18-19].

During the analysed period, there were 47549 am-
bulance departures, including 870 (1.83%) departures
due to OHCA. An OHCA was defined as an event with
obvious cardiac arrest features that happened suddenly
and unexpectedly and the mechanism of cardiac ar-
rest was set based on the first recorded heart rhythm:
shockable [ventricular fibrillation (VF) or tachycardia
(VT)] or non-shockable [asystole or pulseless electrical
activity (PEA)]. Patients with traumatic OHCA (n = 47)
and under 18 years old (n = 7) were excluded from
the analysis. Patients with late signs of death, defined
by the presence of decomposition, rigor mortis or livor
mortis were also excluded. A total of 815 OHCA cases
(406 subjects in 2006 and 409 in 2007) were selected
for the study.

Meteorological data

Meteorological data were obtained from the data-
base of the Institute of Meteorology and Water Man-
agement (Warsaw, Poland). The meteorological reports
were available for each day and provided data regard-
ing mean temperature, mean relative pressure, mean
relative humidity, mean cloudiness, rainfall, snowfall,
sunshine duration, and storm occurrence. For further
analysis day-to-day changes in mean temperature,
mean relative pressure, and mean relative humidity
were calculated.

Analysis of weather conditions and OHCA

Temperature changes. The differences in OHCA
occurrence were examined both between days with
positive and negative temperatures and between
7 separate categories regarding the range of mean
daily temperature [1) < -5°C; 2) -4.9-0°C; 3) 0.1-5°C;
4) 5.1-10°C; 5) 10.1-15°C; 6) 15.1-20°C; 7) > 20°C].
The OHCA occurrence was also investigated in relation
to the increase or decrease of mean daily temperature
between two consecutive days. Day-to-day temperature
changes were divided into 6 categories (decrease over
4°C, decrease between 3.9 and 2°C, decrease between
1.9 and 0°C, increase between 0.1 and 2°C, increase
between 2.1 and 4°C, and increase over 4°C).

Pressure changes. The pattern of OHCA occur-
rence regarding atmospheric pressure was explored
among 9 categories [< 980.0 hPa and every 5 hPa up
to > 1015 hPa] and in relation to the drop or growth
of the atmospheric pressure between two consecutive
days. Day-to-day pressure changes were also divided
into 4 categories (decrease of 5 hPa or higher, decrease
between 4.9 and 0 hPa, increase between 0.1 and
4.9 hPa, increase of 5 hPa or higher).

Humidity changes. Days were divided into quar-
tiles regarding mean daily humidity which revealed
the following 4 categories: < 68.7%, 68.7-79.7%,
79.8-87.7% and > 87.7%. Similarly to the abovemen-
tioned parameters the analysis of day-to-day humidity
changes was performed. Firstly, the difference in OHCA
occurrence between days with increase and decrease of
humidity between two consecutive days was examined.
Secondly, the analysis for 4 more specific categories
was performed (decrease of 10% or higher, decrease
between 9.9 and 5%, decrease between 4.9 and 0%,
increase between 0.1 and 5%, increase between 5.1 and
10%, and increase higher than 10%).

Other parameters. Both precipitation amount (in
millimetres) and rainfall duration (in hours) were divided
into three categories (0.0 mm, 0.1 to 5 mm, > 5 mm
and 0.0 h, 0.1to 3 h, > 3 hrespectively). The OHCA oc-
currence was also analysed regarding the incidence of
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Table 1. Characteristic of atmospheric conditions in the
considered period

Table 1. Atmospheric conditions
Mean + SD

Parameter Range

Temperature (°C) 9.77 = 8.51 -20.9t028.4

Pressure (hPa) 997.101 +8.34 972.6to 1027.2

Humidity (%) 77.53 + 12.56 39.4t0 100.0
Rainfall (mm) 1.49 + 3.57 0.0t0 45.6
Rainfall duration (h) 1.86 + 3.399 0.0t0 24.0
Sunshine duration (h) 5.28 + 4.59 0.0t0 15.8
Days with a fall (%)

Rainfall 43

Snowfall 11.9

Storm 6.6

snowfall and storm. Sunshine and cloudiness duration
during the day were presented in hours and grouped
into 4 categories according to the quartile distribution.

Statistical analysis

The normality of the distribution was verified using
the Shapiro-Wilk test. Continuous variables are pre-
sented as means =+ standard deviation and categorical
variables as absolute frequencies and percentages. The
comparison between two variables was performed
with the Mann Whitney U test or appropriate t-Student
test according to the distribution. For comparison of
more than two variables, Kruskal-Wallis test or ANOVA
was used regarding the normality of data distribution.
The analysis of groups divided by gender (males
vs. females) and age (< 65 years vs. > 65 years) was
made. The two-sided p-value < 0.05 was considered
significant. IBM SPSS Statistics version 23 was used to
perform the analysis.

Results
General characteristics

General characteristics of the studied population
and detailed epidemiology of OHCA have been re-
cently published [17]. The majority of OHCA cases
were men (63%, p = 0.0001) and people older than
65 years (53.4%, p < 0.001). Mean value of OHCA per
day was 1.12 = 1.088. Non-shockable rhythm (asys-
tole, PEA) was diagnosed in 88.71% cases, whereas
shockable rhythm (VF or VT) was present in 11.04%
patients. Weather parameters are presented in Table 1.

p = 0.028
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Figure 1. Distribution of OHCA cases in men group
according to increase or decrease of day-to-day pressure
change

Over the study period of 730 days the mean daily
temperature was 9,7 = 8.51°C, ranging from -20.9°C
to 28.4°C. Negative temperatures were noticed on
13.7% of days. Comparison of mean daily tempera-
tures between two consecutive days revealed a drop
in 49.2%, growth in 49.7%, and no changes in 1.1% of
days. Mean daily temperature decreased maximally
by 18°C and increased by 11°C in comparison with the
previous day. The atmospheric pressure varied from
972.6 hPa to 1027.2 hPa and the mean pressure value
was 997.1 = 8.34 hPa. After the analysis of day-to-day
atmospheric pressure changes, we observed that pres-
sure decreased in 51% (maximal absolute decrease by
17.8 hPa) and increased in 43.5% (maximal absolute
increase by 21.5 hPa) of cases. The mean humidity
during the study period was 77.5 = 12.56%, ranging
from 39.4 to 100.0%. The humidity decreased from
day-to-day in 53.9% of cases and increased in 43.8%.
Maximal drop between two consecutive days was 32.6%
while 35.2% accounted for maximal growth.

Meteorological parameters and OHCA occurrence

The analysis of the entire study population revealed
none statistically significant differences in OHCA occur-
rence regarding all examined individual meteorological
parameters. Nonetheless, we noticed the differences in
OHCA occurrence with respect to atmospheric pressure
changes in men and a population of < 65 years old.
When male population is considered, higher OHCA
incidence was observed when the day-to-day atmo-
spheric pressure increased (p = 0.028, Figure 1). The
division into 4 specific categories (Figure 2) also showed
a statistically significant pattern (p = 0.037). A day with
pressure decrease less than 5 hPa presented the lowest
median value of OHCA cases while the highest value
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Figure 2. Distribution of OHCA occurrence in day-to-day
pressure change groups in men group
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Figure 3. Distribution of OHCA occurrence in day-to-day
pressure change groups in population < 65 years.

was observed in the group of pressure increase less
than 5 hPa (p = 0.026).

With regard to the population of < 65 years old,
the division into 4 “day-to-day pressure changes” cat-
egories revealed significant differences (p = 0.025).
Unlike in men group, the statistical significance was
observed between days with pressure change up to
5 hPa and days with the pressure increase more than
5hPa (p = 0.031) when more OHCA cases occurred on
days with pressure change up to 5 hPa. Lower OHCA
occurrence was observed in days with the pressure
increase more than 5 hPa in comparison to days with
less intense atmospheric pressure increase (p = 0.031).
The median and interquartile range distribution is pre-
sented in Figure 3. P-values almost reaching statistical
significance were observed in this population for other

meteorological parameters like positive/negative tem-
peratures (p = 0.08), storm occurrence (p = 0.07) or
absolute humidity (p = 0.07).

Similarly, we noted a tendency for OHCA to occur
more often when the mean daily temperature increased
between two consecutive days (p= 0.06).

Discussion

A substantial evidence of atemperature influence on
cardiovascular events has been noted in studies from
various countries, however, there are few studies that
evaluated the associations between cardiac arrest and
other multiple meteorological factors or their day-to-day
change. This study is an attempt to describe various
atmospheric conditions and the incidence of OHCA in
the adult population of the southern region of Poland.
According to the authors’ knowledge, this study rep-
resents the first Polish experience in this field regarding
SO many various atmospheric parameters, so far.

The hypothesis of OHCA incidence being affected
by temperature has been examined in studies across
various countries. Extreme temperatures, both high
and low have been identified to increase the risk of
cardiovascular events. The authors’recently published
study revealed a significantly higher incidence of OHCA
in astronomical winter, which was the coldest season,
in comparison to astronomical summer — the warmest
one [17]. In terms of temperature-associated risk of
OHCA, previous reports evaluated also the relation
between day-to-day temperature change and cardio-
vascular morbidity and mortality. The most recent study
by Vicedo-Cabrera et al.[20] conducted in 6 European
cities suggested that there was no relationship between
interday temperature variations and mortality. On the
contrary, Plavcova et al. reported that among the Czech
population a significant increase in mortality was found
after a large temperature rise and a decrease in mortality
after atemperature drop [21]. Also in a study by Cheng
et al. atemperature increase between consecutive days
had a significant adverse impact on mortality [22]. It
was also presented in a study by Guo et al. in which
a significant change in temperature (particularly of
more than 3°C), whether positive or negative, resulted
in an increased cardiovascular mortality rate [23]. On
the other hand, in a study from 2016 Onozuka et al.
evaluated 271 698 OHCAs of presumed cardiac origin
among Japanese population and reported that day-to-
day change in temperature was not associated with
OHCA [24]. Also, the results of this study consistently
indicated no significant differences. Despite a tendency
to a higher incidence of OHCA on days with a tempera-
ture rise, particularly of more than 4°C, these results did
not achieve any significance.
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The consequences of atmospheric pressure on
cardiovascular morbidity and mortality have been
studied less frequently and found contraindicating
results. In terms of acute coronary syndromes (ACS),
some did not find any relation between atmospheric
pressure and the incidence of ACS [25-26] whereas
others did. The MONICA Project, a large cohort study
reported a V-shaped association between pressure and
the incidence of coronary events [16]. In this study,
both increases and decreases in atmospheric pressure
were associated with an increase of daily coronary
event rates. Wang et al. presented that the highest
daily ACS events rate were observed on days with low
pressure [27]. Another study by Houck et al. reported
there was a significant correlation between a decrease
in atmospheric pressure and the occurrence of ACS
the day after a pressure decrease [28]. On the other
hand, in a study among Swiss population Goerre et al.
described a positive correlation between pressure and
ACS [29]. In terms of OHCA pressure-dependence,
a number of studies is even more limited. In a study
among Japanese population, Tanigawa-Sugihara et al.
reported a positive relationship between atmospheric
pressure and OHCA incidence [30].

Among these inconsistent results, this study also
showed no significant difference in OHCA occurrence
with regard to average atmospheric pressure. Nonethe-
less, significant differences were noticed for day-to-day
atmospheric pressure change and OHCA incidence. In
a group of men and in a population of <65 years a pres-
sure rise between consecutive days resulted in a higher
incidence of OHCA. These results are in opposition to
those in the aforementioned study by Tanigawa-Sugiha-
ra etal. in which an increase in the difference of pressure
from the previous day was associated with a decrease
in OHCA events in elderly [30]. However, their study did
not include gender separation and the population clas-
sified as elderly was of > 75 years. This inconsistency
among studies possibly results from undefined adverse
influence of atmospheric pressure on the cardiovascular
system. To establish a cause-and-effect relationship
more data are needed on the interaction between the
pathophysiological mechanisms of the cardiac arrest
and barometric pressure variations.

This study has several limitations. Retrospective and
observational nature of this study are one of the main
limitations. Another one is the difficulty in the assess-
ment of the precise time of event occurrence mainly due
to the adopted methodology. The authors obtained daily
meteorological data and merged them with the OHCA
data, they did not know the exact weather conditions
at the moment of cardiac arrest. It is also possible that
meteorological parameters and their day-to-day change
might have long-lasting delayed effectswhat is very diffi-
cultto assess. In addition, it was not possible to analyse

the combinations of atmospheric conditions. This study
is also limited by the fact that Opole district is a relatively
small territory and might be insufficiently representative
in terms of described phenomena. Thus, although the
authors of this study consider their data valuable, it
still should be taken with caution and require both the
amplification and confirmation in larger-scaled studies.

Conclusions

This preliminary analysis has shown that among
many weather parameters, only a few of them might be
significant for the occurrence of OHCA. It seems that
in a moderate climate of Poland only the atmospheric
pressure changes may have the potential to affect
OHCA. More studies are needed to describe these
interesting but still poorly understood phenomena.
Although modest, the results of this work complement
Polish experience in this particular setting.
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