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Abstract
Background: Temporal variability of out-of-hospital cardiac arrest (OHCA) occurrence was presented 
in previous studies, however, the data regarding long-term observation is scarce. The aim of this study 
was to investigate the temporal variability of OHCA occurrence during a long-time period and analyze 
the circadian pattern within particular timeframes.
Methods: The retrospective analysis of 5058 OHCA cases was made covering the period from January 
1st, 2006 to December 31st, 2018. Circadian, weekly, monthly and seasonal variabilities were investi-
gated. The circadian variability of OHCA occurrence was assessed within particular years, seasons of 
the year, and days of the week.
Results: The highest OHCA incidence was observed between 08:00 and 08:59 and the lowest between 
01:00 and 01:59 (7.1% vs. 1.6%, p < 0.001). After division into 6-h intervals, a significantly lower 
number of OHCA cases occurred between 00:00 and 05:59 (12.3%) in comparison to the highest num-
ber observed in between 06:00 and 11:59 (12.3% vs. 33.5%, p < 0.001). The highest OHCA occurrence 
was observed on Monday (14.9%), however, no weekly variability was found (p = 0.557). The highest 
OHCA occurrence was observed in the winter and lowest in the summer (27.4% vs. 22.8%, p < 0.001). 
Significant circadian variability was observed for every day of the week, every season and year during 
the observation period (p < 0.001).
Conclusions: Circadian, monthly and seasonal variability of OHCA occurrence was confirmed in the 
long-term observation with no differences between particular days of the week. Significant circadian 
variability was observed within days of the week, seasons of the year, and particular years. (Cardiol J 
2023; 30, 4: 567–575)
Key words: out-of-hospital cardiac arrest (OHCA), temporal variability, circadian,  
seasonal, weekly
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Introduction

Out-of-hospital cardiac arrest (OHCA) is still 
considered a major health problem globally and 
although much progress in the case of diagnosis 
and treatment has been made OHCA remains one of 
the major causes of death worldwide [1]. In Poland, 
the incidence of OHCA in different studies was es-
timated as 57–170 per 100,000 inhabitants per year 
[2–4]. The occurrence of cardiac arrest is related 
to social, behavioral, clinical, and environmental 
risk factors, e.g., time variables [2, 5], weather 
conditions, and pollution [2, 6–8]. Temporal vari-
ability, especially the circadian rhythm of OHCA 
occurrence, is a well-documented phenomenon [8]. 
Previous studies also provided evidence for weekly 
[5, 10–15], monthly and seasonal variability [4, 5, 
10, 12, 15–17], however, the results are less uni-
form. Circadian changes in blood pressure, vascular 
tone, urinary catecholamines levels, endothelial 
function, and circulating levels of humoral signals 
related to activation of the sympathetic nervous 
system could be the potential cause of temporal 
variation of OHCA occurrence [18, 19]. In a pre-
vious study, typical circadian variation of OHCA 
incidence in a subpopulation of southern Poland 
was confirmed [2]. Furthermore, the study showed 
weekly variability with the highest incidence of 
OHCA from Saturday to Monday, and the lowest 
in the middle of the week (Tuesday to Friday), and 
seasonal variability with the lowest OHCA occur-
rence during summer. Available data regarding the 
epidemiology of OHCA in Poland is still scarce and 
limited only to 12–24 months of observation. The 
aim of this study was to investigate the temporal 
variability of OHCA occurrence over a long time-
period and analyze the circadian pattern among 
days of the week and seasons of the year.

Methods

Setting and data collection
A retrospective analysis of dispatch cards 

from the Emergency Medical Service in Opole 
was performed covering the period from January 
1st, 2006 to December 31st, 2018. Opole district is 
located in the south-western part of Poland, covers 
an area of 1683 km2, and was inhabited during the 
study period by approximately 261,000 citizens 
(47.7% of men). 

Patients older than 18 years of age with pre-
sumed cardiac etiology were included in the analy-
sis regardless of the initial rhythm, the presence 

of witnesses, or whether cardiopulmonary resus-
citation was performed. All cases with late signs 
of death (i.e., rigor mortis, postmortem lividity or 
presence of decomposition) were excluded from 
the analysis. Patients under 18 years of age and 
those with non-cardiac etiology were also excluded. 
Detailed information regarding a screening process 
and exclusions is presented in Figure 1. During 
the study period, a total of 5058 cases fulfilled the 
inclusion criteria and were statistically analyzed. 

To stay consistent and maintain comparability 
with the previous reports, the following patterns 
of time periods were used to analyze the OHCA 
occurrence. Circadian rhythm was investigated 
within twenty-four 1-hour periods and four 6-hour 
intervals: “night” (0:00–5:59), “morning” (6:00– 
–11:59), “afternoon” (12:00–17:59), and “evening” 
(18:00–23:59). Weekly variability was assessed 
between particular days, as well as, between 
weekdays (Monday to Friday) and weekend (Sat-
urday and Sunday). OHCA occurrence between the 
Saturday-Monday period and the Tuesday-Friday 
period was also compared. The seasons were 
defined as spring (March, April, May), summer 
(June, July, August), autumn (September, October, 
November), and winter (December, January, Febru-
ary). The circadian variability of OHCA occurrence 
was investigated within particular years, seasons 
of the year and days of the week.

The present study was approved by the Ethics 
Committee of The Nicolaus Copernicus Univer-
sity in Torun, Collegium Medicum in Bydgoszcz 
(number of the approval KB 471/2013) and was 
conducted in accordance with Declaration of Hel-
sinki and Good Clinical Practice guidelines.

Ambulance departues due to OHCA 
during the study period

(n = 5631)

Cases included for the further analysis
(n = 5058)

Excluded (n = 573):
• Patients younger than 18 years (n = 37)
• Non-cardiac OHCA etiology:
     — OHCA due to trauma (n = 379)
     — OHCA due to cancer (n = 157)

Figure 1. Numbers of cases initially screened, excluded 
and included for further analysis during the study period 
2006–2018; OHCA — out-of-hospital cardiac arrest.
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Statistical analysis 
Statistical analysis was performed with the 

IBM SPSS Statistic version 23. The distribution 
of the data was analyzed using the Shapiro-Wilk 
test. Continuous variables were presented as 
means ± standard deviation (SD) or medians with 
interquartile range (IQR) and categorical variables 
as absolute values and percentages. Although tem-
poral variation of OHCA was generally distributed 
non-normally it was decided to present the data as 
percentages/means ± SD to better visualize the 
differences. The differences between variables 
were tested using the Mann-Whitney test or the 
Kruskall-Willis test for non-normally distributed 
data and the Student t-test or ANOVA for data with 
a normal distribution. For statistical significance  
a two-sided p-value < 0.05 was applied. 

Results

Temporal variability within  
the total population 

The mean age of patients included in the 
analysis was 69.41 ± 14.86 years with the majority  
of men (64.1%). The circadian distribution of 
OHCA cases is presented in Figure 2. The highest 
incidence was observed between 08:00 and 08:59 
and the lowest between 01:00 and 01:59 (7.1% vs. 
1.6%, 3.97 ± 2.258 vs. 0.88 ± 0.964, p < 0.001). Af-
ter division into 6-hour intervals, the lowest num-
ber of OHCA cases occurred at “night” (n = 623,  

12.3%) and was lower in comparison to the high-
est number observed in the “morning” (n = 1694, 
33.5%, p < 0.001). The OHCA incidence at “night” 
was also lower than in the “afternoon” and “even-
ing” (p < 0.001). 

The highest OHCA occurrence was observed 
on Monday (n = 752, 14.9%) and the lowest on 
Wednesday (n = 684, 13.5%) however, no weekly 
variability was found (p = 0.557). No difference was 
observed between the weekend and the weekdays 
(1.06 ± 1.126 vs. 1.07 ± 1.089, p = 0.65) and be-
tween the Saturday-Monday period and the rest of 
the week (1.08 ± 1.115 vs. 1.06 ± 1.089, p = 0.66).

Both monthly and seasonal variability was 
confirmed (p < 0.001). The highest proportion of 
OHCA cases was noted in December (n = 480, 
9.5%) and January (n = 484, 9.6%) while the lowest 
was in July (n = 378, 7.5%) and August (n = 361, 
7.1%). Similar results were observed for seasonal 
variability with the highest OHCA occurrence in the 
winter (n = 1386, 27.4%, 1.18 ± 1.169) and lowest 
in the summer (n = 1153, 22.8%, 0.96 ± 1.066).

Circadian variability within  
days of the week

For each particular day of the week, circadian 
variability (p < 0.001) was observed. The lowest 
number of OHCA cases was noted between 00:00 
and 05:59 (Fig. 3) and the highest was reported 
between 06:00 and 11:59 on every weekday ex-
cept Thursday when a slightly higher number 
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Figure 2. Circadian distribution of out-of-hospital cardiac arrest (OHCA) occurrence divided into 1-hour periods.
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was observed between 12:00 and 17:59. The 
analysis of the circadian variation within weekend 
and weekdays also showed significant results  
(p < 0.001) with the same pattern for both groups: 
the lowest OHCA occurrence was observed 
at “night” (n = 196, 13.5%, 1.26 ± 1.217 and  
n = 427, 11.8%, 1.09 ± 1.043, respectively) and the 
highest in the “morning” period (n = 462, 31.9%, 
2.96 ± 1.921 and n = 1232, 34.1%, 3.16 ± 1.915, 
respectively). Similar results regarding circadian 
variation were found for the Saturday-Monday 
period and the Thursday-Friday period (p < 0.001 
for both). No differences were found regarding the 
particular times of the day (“night”, “morning”, 
“afternoon”, and “evening”) among the days of 
the week (Table 1). 

Circadian variability within  
seasons of the year

The circadian variability was confirmed for 
every season of the year (p < 0.001; Fig. 4). This 

figure shows the circadian distribution of OHCA 
cases divided into 6-hour intervals within particular 
seasons. The highest OHCA incidence was ob-
served between 6:00 and 11:59 in spring (n = 459,  
35.5%, 1.96 ± 1.47), autumn (n = 416, 33.8%,  
1.78 ± 1.25), and winter (n = 492, 35.5%, 2.1 ±  
± 1.58). During the summer period, the highest 
number of cases occurred between 12:00 and 17:59  
(n = 381, 33.0%, 1.62 ± 1.35). However, post-hoc 
analysis revealed no significance between the 
“morning” and the “afternoon” in any season. 
The lowest number of OHCA cases occurred at 
“night” (p < 0.001) and the same observation was 
true for every season. A significantly lower oc-
currence was noticed in the “evening” compared 
to the “morning” and the “afternoon” in spring, 
autumn, and winter.

Inter-season analysis showed no differences 
regarding “night”, “afternoon” and “evening” pe-
riods (Table 2). Significant variability was observed 
regarding the “morning” period. Summer was the 
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Figure 3. Circadian distribution of out-of-hospital cardiac arrest (OHCA) cases divided into 6-hour intervals within 
days of the week.

Table 1. Mean values of out-of-hospital cardiac arrest occurrence during particular times of the day  
divided into 6-hour intervals within days of the week.

Time of  
the day

Days of the week (mean ± standard deviation) P

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Night 1.06 ± 0.99 1.05 ± 0.98 1.15 ± 1.23 1.18 ± 0.99 1.03 ± 1.03 1.22 ± 1.22 1.29 ± 1.22 0.828

Morning 3.58 ± 1.96 3.13 ± 1.96 2.76 ± 1.67 2.94 ± 1.69 3.40 ± 2.18 3.01 ± 2.08 2.91 ± 1.76 0.127

Afternoon 2.88 ± 1.44 2.77 ± 1.91 2.53 ± 2.03 2.97 ± 1.66 2.78 ± 1.57 2.96 ± 1.73 2.79 ± 1.55 0.542

Evening 2.12 ± 1.61 2.35 ± 1.49 2.33 ± 1.73 2.17 ± 1.53 2.12 ± 1.49 2.09 ± 1.57 2.28 ± 1.71 0.862
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season with the lowest OHCA cases in the morning 
(n = 327, 28.4%, 1.63 ± 1.35, p < 0.001). 

Circadian variability within years
The circadian distribution of OHCA cases 

within each year is presented in Figure 5. Statisti-
cally significant differences within 6-hour intervals 
were observed for every year during the study 
period (p < 0.001). Each year the lowest number 
of OHCA cases (range: n = 37–57, 10.2–15.1%, 
range of the mean: 0.51 ± 0.82 to 0.79 ± 0.9) 
occurred during the “night” period and differed 
significantly from the incidence in the “morning” 
(p < 0.001) and the “afternoon” (p < 0.01). At 
night the number of OHCA cases was lower in 
comparison to the “evening” period but did not 
reach statistical significance in 2008 (p = 0.122), 
2013 (p = 0.181), and 2015 (p = 0.159). No differ-
ences were observed between the “morning” and 

the “afternoon” time periods (p > 0.447). Lower 
OHCA occurrence in the “evening” in comparison 
to the “afternoon” was noticed in 2011 (p = 0.01) 
and 2015 (p = 0.001). The significant difference 
between the “morning” and the “evening” time 
period was noticed in 2009 (p = 0.017), 2011  
(p < 0.001), 2012 (p = 0.001), 2013 (p = 0.043), 
and 2015 (p = 0.003). No differences in OHCA 
occurrence at “night” were observed in the year-
-to-year analysis. Similar results, but less marked, 
were noticed also for “morning”, “afternoon”, and 
“evening” periods (Table 3). 

Discussion

In the current study, temporal variation pat-
terns of OHCA occurrence in southern Poland 
within the 13-year period were examined. Pre-
sented results confirm the circadian variability 

Figure 4. Circadian distribution of out-of-hospital cardiac arrest (OHCA) cases divided into 6-hour intervals within 
seasons of the year.

40% Night Morning Afternoon Evening

30%

20%

10%

Pe
rc

en
ta

ge
 o

f 
to

ta
l O

H
C

A
 c

as
es

0%
Spring Summer Autumn Winter

Table 2. Mean values of out-of-hospital cardiac arrest occurrence during particular times of the day  
divided into 6-hour intervals within seasons of the year.

Time of the day Seasons of the year (mean ± standard deviation) P

Spring Summer Autumn Winter

Night 0.71 ± 0.93 0.61 ± 0.84 0.63 ± 0.82 0.72 ± 0.91 0.482

Morning 1.96 ± 1.47 1.40 ± 1.26 1.78 ± 1.25 2.10 ± 1.58 <0.001

Afternoon 1.59 ± 1.20 1.63 ± 1.35 1.57 ± 1.29 1.79 ± 1.43 0.478

Evening 1.27 ± 1.19 1.29 ± 1.20 1.27 ± 1.26 1.31 ± 1.20 0.951
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of OHCA with morning peak and nighttime nadir. 
Furthermore, similar results of temporal variability 
within 24-hours were observed within days of the 
week, months, seasons, and years. In all cases, 
night was the period with the lowest OHCA oc-
currence and morning with the highest in most 
of the cases with some exceptions when slightly 
higher values were observed in the afternoon. 
Contrary to previous results, no significant weekly 
variability was observed, however monthly and 
seasonal differences in the occurrence of OHCA 
were confirmed [2].

The circadian variability of OHCA occurrence 
was observed in many previous studies. Presented 
results show, in line with other reports, the low-
est number of OHCA cases during the night hours 
with a consequent morning peak [10, 11, 13, 20, 
21]. The majority of previous studies also reported 
secondary, smaller peaks in the OHCA occurrence 
present in the late afternoon (16:00–20:00) with 
some exceptions. Baert et al. [21] did not report 
a secondary afternoon peak and on the other 
hand, Soo et al. [22] reported a trimodal pattern 
of the OHCA distribution. Three peaks were also 

Figure 5. Circadian distribution of out-of-hospital cardiac arrest (OHCA) cases divided into 6-hour intervals within the 
years.

Table 3. Mean and total values of out-of-hospital cardiac arrest (OHCA) occurrence during particular 
time of the day divided into 6-hour intervals within seasons of the year.

Year Total number of OHCA (mean ± standard deviation)

Night Morning Afternoon Evening

2006 53 (0.79 ± 0.95) 123 (1.71 ± 1.39) 123 (1.71 ± 1.33) 103 (1.43 ± 1.02)

2007 51 (0.71 ± 0.93) 141 (1.96 ± 1.63) 114 (1.58 ± 1.18) 103 (1.43 ± 1.27)

2008 57 (0.79 ± 0.90) 123 (1.71 ± 1.45) 108 (1.5 ± 1.23) 90 (1.25 ± 1.17)

2009 39 (0.54 ± 0.77) 135 (1.88 ± 1.26) 113 (1.57 ± 1.42) 94 (1.31 ± 1.32)

2010 47 (0.65 ± 0.81) 130 (1.81 ± 1.57) 129 (1.79 ± 1.34) 101 (1.4 ± 1.27)

2011 41 (0.57 ± 0.77) 141 (1.96 ± 1.34) 127 (1.76 ± 1.28) 82 (1.14 ± 1.19)

2012 56 (0.78 ± 1.01) 167 (2.32 ± 1.61) 128 (1.78 ± 1.32) 97 (1.35 ± 1.21)

2013 53 (0.74 ± 0.98) 120 (1.67 ± 1.38) 108 (1.5 ± 1.02) 79 (1.1 ± 1.06)

2014 37 (0.51 ± 0.82) 103 (1.43 ± 1.28) 91 (1.26 ± 1.29) 88 (1.22 ± 1.25)

2015 41 (0.57 ± 0.75) 124 (1.72 ± 1.32) 123 (1.71 ± 1.22) 71 (0.99 ± 1.11)

2016 43 (0.6 ± 0.83) 114 (1.58 ± 1.32) 96 (1.33 ± 1.16) 76 (1.06 ± 0.93)

2017 48 (0.67 ± 0.93) 131 (1.82 ± 1.21) 137 (1.9 ± 1.60) 94 (1.31 ± 1.15)

2018 53 (0.74 ± 0.87) 142 (1.97 ± 1.52) 140 (1.94 ± 1.57) 126 (1.75 ± 1.59)

P 0.549 0.066 0.080 0.065
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observed in our previously published paper [2] 
however, the present report contains a significantly 
larger number of cases and the afternoon peak 
seemed to blur. The typical increase of cases in 
the morning could potentially be explained by an 
increase in platelet aggregability, changes in blood 
pressure, endothelial function, and catecholamine 
levels which could potentially result in the occur-
rence of acute coronary syndrome. 

The highest number of OHCA cases was ob-
served on Monday and the lowest on Wednesday 
however, the weekly variability was not significant 
in the present study. Very similar results were 
reported by Nakanishi et al. [17] but on a smaller 
number of OHCA patients with presumed cardiac 
etiology for whom resuscitation by emergency 
medical service was attempted. Previous reports 
showed some evidence for Monday excess espe-
cially within a subgroup of younger patients [10, 
14–16]. It was explained by increased stress due to 
returning to work as a potential trigger for OHCA 
occurrence in this group. However, available data 
is inconclusive. Nakanishi et al. [17] showed an 
opposite relationship with significantly higher 
OHCA cases on Monday in patients older than 65 
years and no significant difference in the younger 
group. Other studies revealed the highest number 
of patients with cardiac arrest on Saturday [5, 13], 
which could be explained by some strenuous physi-
cal activities undertaken during patient’s free time 
on weekends. In our previous study, we presented 
a significantly higher OHCA number within the 
Saturday-Monday period in comparison to the 
rest of the week. Actual results showed a small 
difference between those two periods but with no 
statistical significance.

The present study results suggest a strong 
association between OHCA occurrence and the 
season of the year, with the highest proportion of 
cases during the winter and the lowest during the 
summer. This observation is in line with many pre-
viously published studies conducted in a temperate 
climate [5, 10, 12, 15–17]. On the other hand, Ong 
et al. [23] investigated cardiac arrest occurrence 
in the equatorial climate of Singapore and did not 
confirm the seasonal variability. Therefore, the 
seasonal variability might be explained by some 
weather conditions related to the climate, e.g., 
ambient temperature, humidity, and atmospheric 
pressure [6, 7]. The Australian study [24] also con-
firmed a similar pattern of higher OHCA incidence 
in the winter, which in the southern hemisphere 
occurs in June, July, and August. Various studies 
investigated the relationship between OHCA oc-

currence and ambient temperature and revealed 
the link between the increased number of cases 
and extreme temperatures. The cold was especially 
strongly related to the higher OHCA occurrence 
[7, 25, 26]. Besides the weather-related factor, the 
seasonal variability might also be potentially ex-
plained by the air pollution [8] or in some areas by 
tourism [27]. Winter overlaps also with the period 
of increased morbidity due to infectious diseases. 
A study by Onozuka and Hagihara [28] showed 
an association between influenza epidemics and 
a higher risk of OHCA. Furthermore, preliminary 
data from the novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) pandemic also 
presented a potential relationship with increased 
OHCA occurrence [29]. Borkowska et al. [30] 
presented results regarding OHCA during the 
coronavirus disease 2019 (COVID-19) pandemic 
and reported that during March and April 2020 
the OHCA incidence within Masovia Voivodeship 
was 12.2 per 100,000 inhabitants, which is lower 
in comparison to previous Polish studies [2–4]. 
However, it should be noticed that in March and 
April 2020 in Poland the epidemic was just starting 
to develop, the number of confirmed SARS-CoV-2 
infections was very low and the first government 
restrictions were being implemented. On the 
contrary, a metanalysis by Lim et al. [31] revealed 
almost 120% increase in OHCA events during the 
2020 COVID-19 pandemic in comparison to the 
pre-pandemic time. Furthermore, recent evidence 
showed that COVID-19 infection was related to 
reduced rates of achieving the return of spontane-
ous circulation, shockable rhythms, and survival 
to hospital discharge in patients with OHCA [32]. 
However, data regarding in-hospital cardiac arrest 
were more inconclusive [33]. 

According to available research, only a few 
previous studies reported the circadian variation 
of OHCA cases within particular days of the week 
[34], and none described circadian distribution 
within months, seasons, and years. Arntz et al. [10] 
reported a similar circadian distribution of sudden 
cardiac death for every day of the week and with 
similar observations to our study. In the present 
study, the pattern with the lowest number of OHCA 
cases was during night hours with an increase in 
the latter part of the day and was observed on 
all weekdays except Thursday when the highest 
number was observed in the afternoon. However, 
within all days of the week the difference between 
morning and afternoon occurrence was not signifi-
cant. In the previous study, the circadian pattern 
of OHCA distribution differed between border-
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week days (Saturday to Monday) in comparison to 
mid-week days (Tuesday to Friday) with no clear 
morning peak in the latter [34]. On the contrary, the 
present study noted a similar pattern both for the 
Saturday-Monday and the Tuesday-Friday periods 
as well as for weekdays and weekends. Observed 
differences between those two reports may result 
from the sample size in both studies. 

The presented study has several limitations 
that should be underlined. Firstly, the retrospec-
tive nature of the study and the lack of some data, 
mainly regarding patients’ socio-economic status, 
as well as their medical history. However, the aim 
of this observational study was to investigate the 
chronobiology of OHCA occurrence, therefore 
further studies should be conducted in order to in-
vestigate the influence of various factors on OHCA 
occurrence in particular timeframes. Secondly, the 
analysis on data concerning survival, witnessed 
status, or initial cardiac rhythm was not performed. 
The observation covered a long time period but 
was limited to the relatively small territory of the 
Opole district in southern Poland.  

Conclusions

Circadian, monthly and seasonal variability of 
OHCA occurrence was confirmed in the long-term 
observation with no differences between particular 
weekdays. The lowest number of OHCA cases 
occurred at night and in the summer. Significant 
circadian variability of OHCA occurrence was 
observed within the days of the week, seasons of 
the year, and of particular years during the 13 year 
observation period.
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