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Abstract

Background: Regular exercise is known to prevent cardiovascular disorders, but it may also trigger acute cardiac events. This study examined the
incidence, prognosis, and outcomes of out-of-hospital cardiac arrest (OHCA) related to exercise in the general population of Denmark.

Methods: This retrospective cohort study examined all the OHCAs in the Danish Cardiac Arrest Registry from 2016 to 2019. OHCA related to exer-
cise was identified in a nationwide electronic database and coupled to the patient register. Descriptive statistics were used in combination with a
multivariate logistic regression model to assess predefined factors.

Results: A total of 20,470 OHCAs were identified, of which 459 (2.2%) were related to exercise. Most were male (75.3%), with a median age of
61 years. Further, 95% of exercise-related OHCA received bystander cardiopulmonary resuscitation, compared to 77.4% in non-exercise-related
OHCA (p < 0.001), and 38.3% received defibrillation by bystanders versus 7.5% in the non-exercise group (p < 0.001). Exercise-related OHCAs
had a 30-day survival rate of 57.7% compared to 12.6% in the non-exercise group, yielding an adjusted odds ratio of 5.56. The 30-day survival rate
of exercise-related subjects aged 15-35 years was 80.0%, compared to 25.0% in the non-exercise group. When comparing sports categories, team
sports were associated with the greatest chance of survival (odds ratio of 18.5 versus a non-exercise odds ratio of 0.09).

Conclusion: Exercise-related OHCA has a low incidence and is related to a significantly better prognosis when compared to non-exercise OHCA.
Furthermore, many patients experiencing exercise-related OHCA received defibrillation and cardiopulmonary resuscitation by bystanders. These
findings could help plan and execute campaigns and education.

Keywords: Out-of-hospital cardiac arrest, Bystander CPR, Defibrillation, Resuscitation, Exercise, Emergency Medical Service, Outcome
after OHCA

Abbreviation. ROSC, Return of spontaneous circulation
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Introduction

Exercise has been shown to reduce the risk of cardiovascular dis-
ease. However, it can also be related to a transient increased risk
of cardiac events, including sudden cardiac arrest."

Previous studies have reported low annual incidences of out-of-
hospital cardiac arrest (OHCA) related to exercise compared to other
subgroups of OHCA with rates between 0.48 and 2.1 per 100.000
person-years®® and 0.3-7% of all OHCAs.>° No standardised defi-
nition of the timeframe concerning OHCA related to exercise is
established; however, the onset of symptoms during or up to one
hour after exercise is a typical definition.>*” Reported survival rates
of exercise-related OHCA vary from 5.5% to 77%, with substantial
differences regarding sample size and inconsistent outcome defini-
tions.> %71 This necessitates further investigation and cohesion
to standardised reporting using the Utstein Reporting Template."
Despite conflicting survival rates, there is consensus that OHCA
related to exercise has a better prognosis than that not related to
exercise.* %2 Another consistent finding is the younger age of
the patients suffering from OHCA related to exercise compared to
those with other OHCAs.*> "2

The Danish Emergency Medical System introduced a nationwide
registry of electronic medical reports in 2016."® This medical report
system allows electronic searches and to identify the subgroups of
OHCA. Hence, this novel reporting enables the investigation of the
comprehensive characteristics of OHCA related to exercise.

Few prior studies have evaluated population-based outcomes and
characteristics of OHCA related to exercise; despite the worldwide
media attention, a significant part of this area remains unidentified.
The importance of early actions performed by bystanders, such as
cardiopulmonary resuscitation and defibrillation, is known to be asso-
ciated with increased survival; however, data on the use of defibrilla-
tors remain limited. As such, an improved understanding of exercise-
related OHCA is fundamental to both prophylactic and treatment
strategies, and the findings of this study may lead to further improve-
ment in patient safety and outcome. This study aims to report the
national incidence of exercise-related OHCAs among cases attended
by the Danish Emergency Medical Service (EMS) and assess sur-
vival, defined as the return of spontaneous circulation (ROSC), fol-
lowed by a 30-day survival. Additionally, aspects associated with
better outcomes are evaluated, including the following: observation
of occurrence, bystander cardiopulmonary resuscitation (CPR), initial
electrocardiographic (ECG) rhythm, use of an automated external
defibrillator (AED) by bystanders and defibrillator/monitor by EMS
personnel, type of exercise, and baseline demographics.

Methods

This was a registry-based nationwide cohort study with data from the
Danish OHCA registry from 1 January 2016 to 31 December 2019,
with OHCA during or up to one hour after exercise.

The Danish Cardiac Arrest Register includes all cases of OHCA
where resuscitation was initiated in Denmark. Data have been col-
lected in the electronic-based Danish EMS reporting system since
2016. Thus, the registry covers detailed data, including the EMS
reports. The data are obtained from executive entries in conjunction
with advanced text searches of prehospital charts, enabling the iden-
tification of all OHCAs where resuscitation was initiated in Denmark.

All cases underwent an elaborate validation process in which all the
identified events were manually scrutinised. This validation process
was conducted by an external verification team to ensure high-
quality data from approximately 5400 cases of annually occurring
OHCAs in Denmark. In the verification process, supplementary
sources of data were linked to each case of OHCA. Specific points
of interest in the validation process were survival, initiation of CPR
by the bystander, use of an AED, and actions of EMS personnel.
The initial ECG rhythm was defined as the first ECG rhythm recorded
by EMS personnel using a standardised monitor/defibrillator.

Three raters independently identified the presumed causes of
OHCA related to exercise. Cases were assessed based on the
Utstein model regarding aetiology, using the following subgroups of
eliciting causes for OHCA: presumed cardiac origin, unknown cause,
other medical cause, trauma, drug overdose, drowning, electrocu-
tion, or asphyxia (external). The cause of OHCA was supported by
free-text description. Any discrepancy was resolved by the third-
party members. Cases with a lack of relevant information concerning
the cause and cases with several conflicting causalities were labelled
as ‘NA’ and ‘inconclusive’, respectively. All cases identified as
exercise-related OHCA were manually categorised by two individual
researchers. The verified cases were assessed and coupled with rel-
evant electronic prehospital medical records. Exercise-related cases
were categorised and classified into six subgroups: team sports (soc-
cer, handball, volleyball, tennis, and badminton); fitness (gymnastics,
aerobics, cross-fit, weight lifting, strength training, dancing, yoga,
pilates, athletics); running/jogging (marathon, ironman, triathlon, run-
ning, jogging, power walking, roller-skating); cycling (cycling, moun-
tain biking, spinning); waters (swimming, sailing, surfing, kitesurfing,
rowing, kayaking); miscellaneous (bowling, hunting, golf, equestrian
sports). Furthermore, sports categories were subdivided into either
moderate-intensity sports, defined as 3-6 Metabolic Equivalents
(METSs), or vigorous-intensity sports with >6 METs.'* This division
of sports categories was based on the 2018 Physical Activity Guide-
lines adapted from the Center for Disease Control and Prevention.'®

Data were collected in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology statement
(STROBE). Descriptive statistics included the abovementioned vari-
ables labelled with absolute numbers and percentages. Comparative
analyses were performed using non-parametric testing to examine
the subgroups. Further, continuous data were analysed using Stu-
dent’s t-test, and the remaining associations between the character-
istics of arrest and 30-day survival were examined using Fisher’s
exact test. Moreover, logistic regression analysis was performed
for adjusted multivariate analysis. Statistical significance was consid-
ered at a p-value of <0.05, and all statistical tests were performed
using R version 1.3.1093."°.

The General Data Protection Regulation (GDPR) was followed
according to Danish law, and the study was registered and approved
by the Danish Data Protection Agency (reference 2007-58-0015,
GEH-2014-019, I-suite 02737). According to Danish legislation,
register-based research does not require ethical committee approval
or patient consent.

Results

Within four years, from January 2016 to December 2019, 20,470
cases of OHCA were attended by the Danish EMS. Through an
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electronic database search, 1,429 cases were found to be related to
sports or exercise. Further manual validation resulted in the exclu-
sion of 916 cases, of which the major causes of exclusion were
cases not related to exercise due to trauma or drowning. Finally,
after evaluating missing data and excluding duplets, 459 cases were
analysed (Fig. 1). This was equivalent to an incidence of 2.2% of all
OHCAs in the four-year period, corresponding to an incidence in the
general Danish population of 1.7 per 100,000 person-years. A
revised STROBE diagram (Fig. 1) depicts the eligibility of the
patients and respective included samples.

Patient characteristics and survival outcomes are reported in
Table 1, comparing the OHCA related to exercise with the overall
OHCA data. For OHCAs related to exercise, the median age was
61.0 IQR (52.0-72.0), and 75.3% were male. Exercise-related
OHCA was more frequently witnessed by bystanders, more likely
to have CPR by bystanders and more likely to be defibrillated with
AED by bystanders compared to non-exercise-related OHCA
(p < 0.001 for all comparisons). Further, non-shockable rhythms
(pulseless electrical activity [PEA]/asystole), as the initial ECG
rhythm, were less common in patients with exercise-related OHCA
than in those with non-exercise-related OHCA, respectively 29.8%
vs. 69.7%, (p < 0.001) (Table 1). The remaining 25% (n = 115) pre-
sented with an ECG indicative of return of reorganised rhythm with
palpable pulse when assessed by the EMS personnel.

A comparison of survival outcomes is illustrated in Table 2.
ROSC at any time before admission to the hospital was seen in
741% (n = 340) of exercise-related OHCAs and 30.3%
(n = 6208) of the non-exercise-related OHCAs. The patient status

at the time of hospital admission was evaluated by comparing
cases with ROSC (both conscious and unconscious) at admission
with the groups of ongoing CPR and those declared dead at the
scene or before admission at the hospital. A substantial difference
between exercise-related and non-exercise-related OHCAs was
also seen in terms of status after admission to the hospital, with
ROSC rates of 70.6% (n = 324) in the exercise group and
26.0% (n = 5282) in the non-exercise group (p < 0.001). The
30-day survival of OHCAs related to exercise was almost 60%
compared to merely more than 10% in non-exercise-related
OHCAs (p < 0.001).

Most exercise-related OHCAs were related to fithess (17.6%,
n = 81), team sports (12.6%, n = 58), and water sports (7.0,
n = 33%), while the least common sports categories were athletics
(0.2%, n = 1), combat sports (0.2%, n = 1), and hiking (0.2%, n = 1).

In OHCA related to exercise, younger age was associated with a
higher chance of survival, with a median age of 61 years (IQR 50.0—
70.0) for the survival group, compared to 67.5 years (IQR 56.3-76.0)
in the non-survival group (p < 0.001). Furthermore, a substantial dif-
ference between the groups regarding the initial ECG rhythm was
observed. Non-shockable initial ECG rhythm was observed in
14.0% of patients in the survival group, compared to 59.0% in the
non-survival group (p < 0.001). The use of AEDs by bystanders
was also significantly different between the survival group and the
non-survival group (p < 0.001) at 48.3% and 25.4%, respectively.
Additionally, the frequency of bystanders who witnessed OHCAs
were significantly higher in the survival group (83.0%) than in the
non-surviving group (71.1%) (p = 0.022).

Excluded N = 970
Traffic accident 5
Drowning N =

Not sport N =907
Dublets N = 54

Included
N =459

Fig. 1 - Strengthening the Reporting of Observational studies in Epidemiology Flow Chart of the Extraction,
Validation and Screening of OHCAs Included in Present Study.
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Table 1 - Descriptives of Exercise-related OHCA Compared to Non-Exercise Related OHCA.

Exercise-related OHCA N = 459  Non-exercise related OHCA N = 20,470  p-value
Age, yr,median, IQR 61 (52.0 — 72.0) 73 (63.0 — 82.0) <0.001
Missing 53 (10.4) 828 (3.9)
Sex, male,% 347 (75.3) 12,253 (59.9) <0.001
Missing 66(14.3) 1035(5.0)
Witnessed
By Bystander 354 (77.1) 8,803 (43.0) <0.001
Missing 2 (0.4) 376(1.8)
By EMS 33 (6.4) 2,202(10.4) <0.001
Missing 1(0.2) 366 (1.8)
CPR
By Bystander* 413 (95.0) 14,534 (77.4) <0.001
Missing 22 (0.1)
By EMS 364 (79.3) 18,778 (91.9) <0.001
Missing 3(0.6) 369 (1.8)
Time to first EMS Response (min, median)*  6.0(4 —10) 7.0 (5-10) 0.49
Missing 24(5.2) 2,472 (12.1)
Initial Rhythm
VT/VF 207 (45.0) 3,040 (14.9)
PEA/Asystole 137 (29.8) 14,267 (69.7) <0.001
Defibrillation
By Bystander 176 (38.3) 1,527 (7.5) <0.001
Missing 3 (0.6) 473 (2.3)
By EMS 250 (54.5) 3,137 (14.9) <0.001
Missing 1(0.2) 432 (2.1)

Missing data are excluded from the denominator *Excludes EMS witnessed cases. Summary statistics are presented as numbers (%) or mean with standard
deviation and Interquartile range. yr. years; IQR. Interquartile range; EMS. Emergency Medical Service; min. minutes; CPR. Cardio-pulmonal resuscitation; VT.
Ventricular tachycardia; VF Ventricular Fibrillation; PEA. Pulseless Electrical Activity.

Table 2 - Survival Outcome of Exercise-related OHCA and Non-exercise related OHCA.

Exercise related OHCA N = 459 Non-exercise related OHCA N = 20,298 p-value

ROSC at Any Time 340 (74.1) 6,208 (30.3) <0.001

Missing 0(0.0) 378 (1.8)
Status at Admission

ROSC -Unconscious 146 (31.8) 3,523 (17.2)

ROSC - Conscious 178 (38.7) 1,759 (8.6)

Dead at Admission 73 (15.9) 13,227 (64.6)

Ongoing CPR 57 (12.4) 1,810 (8.8) <0.001
30-day Survival 265 (57.7) 2,577 (12.6) <0.001

Missing data are excluded from the denominator. Summary statistics are presented as numbers (%). ROSC. Return of Spontaneous Circulation; CPR.

Cardiopulmonary Resuscitation.

In patients aged 15-35 years, the distribution of age was similar
between the exercise-related and non-exercise-related OHCA. Fur-
thermore, in this age subgroup of OHCAs, male sex was overrepre-
sented, accounting for approximately 70% of cases in both groups.
Moreover, primary ECG rhythm was more likely to be shockable,
defibrillation by bystanders was more frequent, and ROSC at any
time and 30-day survival were more likely in patients suffering from
OHCA related to exercise, as shown in Table 3.

Fig. 2 presents a multivariate analysis to evaluate the role of age,
sex, presence of witnesses, the use of AED, initial ECG rhythm, and
whether the OHCA was exercise-related in explaining survival. The
model indicates that OHCA related to exercise is a strong predictor
of survival with an OR of 5.56 (95% CI: 4.35-7.14). The OHCAs wit-
nessed by the bystanders and their use of AEDs were found to be

predictors of survival. Additionally, the male patients were found to
have an OR for survival of 1.24 (95% CI: 1.12-1.37).

Subgroup analysis of different sport categories, with 30-day sur-
vival as the explanatory variable and non-exercise-related OHCAs
as the reference group, adjusted for age and sex, is illustrated in
Fig. 3. All categories of exercise-related OHCA showed significantly
higher survival rates than those of non-exercise-related OHCA.
Team sports were associated with the highest OR for survival at
18.5 (95% Cl: 10.47-34.76, p < 0.001), while cycle sports had the
smallest OR in the sports categories at 4.81 (95% CI: 3.17-7.32,
p < 0.001).

The comparison of OHCA cases during moderate- and vigorous-
intensity exercises did not show any significant difference, with a 30-
day survival OR of 1.03 (95% CI: 0.58-1.87, p = 0.9).
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Table 3 - Characteristics of Exercise Related OHCA among Subjects between 15 to 35 Years of Age.

Exercise related OHCA N = 39 Non-exercise related OHCA N = 769 p-value
Age, yr, median (IQR) 16 (11.0 — 23.0) 24 (17.0 — 30.0) 0.01
Sex, male 28 (62.2) 528 (68.7) 0.41
Initial Rhythm
VT/VF 15 (33.3) 81 (10.5)
PEA/Asystole 17 (37.7) 537 (69.8) <0.001
Defibrillation
By Bystander 14 (31.1) 44 (5.7) <0.001
Missing 2 (4.0) 16 (2.1)
By EMS 16 (35.6) 134 (17.4) 0.005
Missing 0 (0.0) 16 (2.0)
ROSC at Any Time 37 (82.2) 286 (37.2) <0.001
Missing 0 (0.0) 9(1.2)
30-day Survival 36 (80.0) 192 (25.0) <0.001

Missing data are excluded from the denominator. Summary statistics are presented as numbers (%) or mean (SD) of patients. yr. years; EMS. Emergency Medical
Service; VT. Ventricular tachycardia; VF Ventricular Fibrillation; PEA. Pulseless Electrical Activity; ROSC. Return of Spontaneous Circulation.

B p-value OR (95% Cl)
OHCA related to Exercise 1.75 <0.001 5.56(4.35-7.14) : e GE—
Witnessed by Bystander 0.77 <0.001 1.94(1-77-2.13) | gl
DC by Bystander 0.94 <0.001 2.29(2.01-2.62) | e
|
Sex [Male] 0.19 <0.001 1.24(1.12-1.37) ||0{
Age [Yrs.] -0.03 <0.001 0.97(0.97 - 0.97) 4
Initial Rhythm: Shockable 1.66 <0.001 5.22(4.73-5.74) | —e—ri

Odds ratio

OHCA. Out-of-Hospital Cardiac Arrest; Yrs. Years; DC. Defibrillation.

Fig. 2 - Multvarate analysis for 30 day survival.

Discussion

This study found that the incidence of OHCA related to exercise was
at 1.9 per 100.000 person-years in Denmark, particularly within the
male population. Exercise-related OHCAs had a more favourable
outcome when compared to the overall cases of OHCAs.

The reported incidence rates in this study are comparable to the
findings in other studies.®>® Similarly, the increased 30-day survival
found among patients with OHCA related to exercise is consistent
with previous findings when compared to OHCAs not related to exer-
cise. A 2013 study conducted in the Netherlands reported a survival-
to-discharge rate of 46.2%.° Further, Edwards et al.* reported a
survival-to-discharge rate of 31.6% from London, whereas this study
demonstrated a 30-day survival rate of 57.7%. These differences
could be explained by the large sample size of this study, together
with higher rates of bystander CPR and the use of AED, when com-

pared to the data from Edwards et al.s’ study. Furthermore, differ-
ences in the cohorts studied may also be significant.

Further, OHCA related to exercise was associated with greater
odds for 30-day survival compared to non-exercise-related OHCA
after adjusting for identified predictors of survival. This indicates that
there are confounding factors yet to be identified.

This study found that OHCA related to exercise is predominantly
observed in middle-aged men, consistent with established litera-
ture.>® It has previously been speculated that the over-
representation of males is caused by greater male participation in
exercise, combined with a greater prevalence and the early onset
of underlying heart diseases in males."”'® However, with increasing
age, the aetiology might be more likely to originate from atheroscle-
rotic coronary artery disease and other lifestyle-dependent patholo-
gies."® Nevertheless, within 15-35 years of age, males were also
overrepresented in exercise-related OCHA. This could be explained
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B p-value OR (95% Cl)

Team Sport 292 <0.001 18.5(10.5-34.8) : I + |

Fitness 2.76  <0.001 15.8(10.1-25.7) | I + i

Running 2.58 <0.001 13.3(6.6-28.9) | I + |
|

Miscellaneous 195 <0.001 7.0 (3.8-13.2) | ——

All Sports 1.75 <0.001 5.6 (4.35-7.1) | ==
|

Cycling 1.57 <0.001 4.8 (3.2-7.3) | ——

Water Sports 1.90 <0.001 6.7 (6.6-12.8) | ——

Non-Exercise (Reference) -2.36 <0.001 0.09(0.08-0.12) '|

1 5 10 15 20 25 30 35
Odds ratio

Fig. 3 - Odds ratio 30 day survival in different sport categories compaired to Inon exercise.

by an increased prevalence among younger men with hypertrophic
cardiomyopathy compared to the female population.”® While the
male sex was associated with increased survival in this study, the lit-
erature reveals conflicting results.>® Moreover, some trials have
reported that no conclusions were possible due to the predominance
of males in the sample size, and thus, the lacking numbers of female
fatalities.* Additionally, it should be considered that the population of
OHCA related to exercise represents a selected group within the
general population. Confounding factors related to lifestyle might
be present in this subgroup of patients with OHCA related to exer-
cise, and this could influence outcomes after cardiac arrest.
Exercise might trigger cardiac arrest in patients suffering from
undiagnosed cardiovascular diseases.’’ In particular, vigorous-
intensity physical activities have been shown to induce a transient
increased risk of cardiac arrest.?> However, this study failed to prove
any difference between the moderate and vigorous intensity of exer-
cise. A German trial from 2008 reported positive effects on poten-
tially modifiable risk factors associated with cardiovascular
disorders (e.g. blood pressure and cholesterol levels). Nevertheless,
they found a greater prevalence of severe coronary artery calcifica-
tion among male marathon participants aged > 50 years compared
to the control group.?® Calcification of the coronary arteries might
be interpreted as a surrogate of the cumulative degree of cardiovas-
cular injury. Thus, these findings could illustrate the apparent para-
dox of exercise and the risk of cardiovascular events. Nonetheless,
exercise is fundamental to the enhancement of health, including car-
diovascular status. This is further corroborated by Hamer et al., who
investigated seven major causes of death related to cardiovascular
disease. They found that exercise was associated with reduced risk
of all the investigated cardiovascular diseases.?* Pre-existing mor-
bidity was not adjusted in this study. Additionally, exercise-induced
cardio protection based on sub-lethal ischaemia has been pro-

posed.?® However, patients who have symptoms such as syncope,
presyncope, fatigue, chest pain, etc., should be advised for further
examination.”®.

The reported rate of initial shockable rhythms recorded by the
EMS personnel was low in our study (45.0%) compared to existing
literature, with reported rates between 68% and 85%.°° This might
be explained by the considerable number of patients who were
already subjected to defibrillation before the arrival of EMS person-
nel. Some of these patients likely underwent ROSC during the first
ECG rhythm check. This explanation is further substantiated by the
relatively small number of cases with non-shockable rhythm as the
primary rhythm recorded by EMS personnel (29.8%). Furthermore,
the use of AEDs by bystanders was associated with increased sur-
vival and was consistent with the recent trials from Italy and
Japan.®?” Access to and use of AEDs in settings other than OHCA
related to exercise have been associated with better outcomes
throughout the existing literature.?®2°

The distribution of OHCAs within different sports disciplines is
similar to findings reported in the Netherlands and Sweden.>*° Both
of these studies attributed a large proportion of OHCAs in cycling to
the frequent use of bicycles for transportation, which could be extrap-
olated to the Danish population. The extent of witnesses present,
access to AEDs, and the degree of bystander CPR among team
sports might explain the differences in survival within the various
sports categories.

Strength and limitations

The nationwide sample size and use of an electronic reporting sys-
tem enhanced the robustness of the findings reported in this study.
Although the overall number of OHCA cases was greater in this
study than in the established literature, the number of patients,
who are younger than 35 years of age, are limited. This hinders fur-
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ther logistic analysis and thereby the conclusions of this subgroup.
Further, the retrospective observational design has biases; hence,
caution should be exercised when inferring any statistical causality.
The EMS reporting system does not collect the exact level of inten-
sity, which may be an important factor in OHCA related to exercise.
Limitations also include the lack of access to post-mortem analyses,
which restricts information on pre-existing morbidity, including under-
lying heart disease and other risk factors. Furthermore, knowing the
treatment and diagnoses after admission to the hospital could con-
tribute to a better understanding of OHCA related to exercise and the
factors that improve chances of survival.

Perspectives

Currently, data on OHCA related to exercise have been evaluated in
different studies. Although the Utstein template has been estab-
lished, inconsistent classifications have been reported in the litera-
ture. Among patients with OHCA related to exercise, subjects in
this study had a median age of 61 years and were predominantly
male (75.3%). Around 80% of the OHCA cases were witnessed,
the rate of CPR performed by bystanders was 95%, and an AED
was used in more than a third of the cases. Early interventions such
as CPR to minimise no-flow time and defibrillation are important to
improve survival. The study findings could have implications for cam-
paigns, programmes, and health services to prevent death from
OHCA related to exercise.

Conclusion

OHCA related to exercise in the general population is uncommon;
however, survival is significantly higher than that in non-exercise-
related OHCA. The rates of bystander CPR and use of AEDs in this
study emphasise their respective importance regarding survival, and
these findings might indicate positive effects from campaigns and
education over the last decades. Nevertheless, underlying factors
such as prior patient morbidity, treatment, and diagnosis after admis-
sion to hospital and factors associated with better survival require
further evaluation in randomised trials.

CRediT authorship contribution statement

Signe Amalie Wolthers: Data curation, Formal analysis, Funding
acquisition, Methodology, Software, Project administration, Valida-
tion, Writing — original draft, Writing — review & editing. Theo Walther
Jensen: Conceptualization, Data curation, Formal analysis, Metho-
dology, Software, Validation. Stig Nikolaj Blomberg: Conceptuali-
zation, Data curation, Methodology. Mathias Geldermann
Holgersen: Supervision, Validation, Software. Freddy Lippert: .
Soren Mikkelsen: Methodology. Ole Mazur Hendriksen: . Chris-
tian Torp-Pedersen: Validation. Helle Collatz Christensen: Con-
ceptualization, Data curation, Validation, Methodology, Funding
acquisition, Project administration, Supervision.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgement

This work was supported by the TrygFonden Foundation. The fund-
ing source had no role in the study design, collection, management,
analysis, interpretation of data, writing of the report, or the decision to
submit the report for publication.

A special thanks to the members of the collaboration group from
the Danish Cardiac Arrest Registry Group in the acquisition, analy-
sis, and interpretation of data. All members of the Danish Cardiac
Arrest Registry validation group are affiliated to The Danish Clinical
Quality Program, National Clinical Registries, Copenhagen, Den-
mark: Gunhild Kjeergaard-Andersen, René Arne Bergmann, Heinrich
Dedenroth Larsen, Lars Borup, Theo Walther Jensen, Mathias Gel-
dermann Holgersen, Stig Nikolaj Fasmer Blomberg, Julie Linding
Bogh Kjerulf, Kristian Bundgaard Ringgren, and Kenneth Libcke.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https:/doi.
org/10.1016/j.resuscitation.2022.01.021.

REFERENCES

1. Friedewald VE, Spence DW. Sudden cardiac death associated with
exercise: The risk-benefit issue. Am J Cardiol 1990;66:183-8.

2. Marijon E, Bougouin W, Celermajer DS, et al. Major regional
disparities in outcomes after sudden cardiac arrest during sports. Eur
Hear J 2013;34:3632—-40.

3. Eastwood D, Andrew E, Smith K, et al. Exercise-related out-of-
hospital cardiac arrest in Victoria, Australia. Resuscitation
2019;139:57-64.

4. Edwards MJ, Fothergill RT. Exercise-related sudden cardiac arrest in
London: Incidence, survival and bystander response. Open Hear
2015;2:e000281.

5. Berdowski J, de Beus MF, Blom M, et al. Exercise-related out-of-
hospital cardiac arrest in the general population: Incidence and
prognosis. Eur Hear J 2013;34:3616-23.

6. Kiyohara K, Sado J, Matsuyama T, et al. Out-of-hospital cardiac
arrests during exercise among urban inhabitants in Japan: Insights
from a population-based registry of Osaka City. Resuscitation
2017;117:14-7.

7. Rai M, Thompson PD. The definition of exertion-related cardiac
events. Br J Sports Med 2011;45.

8. Drezner JA, Chun JSDY, Harmon KG, Derminer L. Survival trends in
the United States following exercise-related sudden cardiac arrest in
the youth: 2000—2006. Hear Rhythm 2008;5:794-9.

9. Cheah SO, Ong ME, Chuah MB. An eight year review of exercise-
related cardiac arrests. Ann Acad Med Singap 2010.

10. Sgholm H, Kjaergaard J, Thomsen JH, et al. Myocardial infarction is
a frequent cause of exercise-related resuscitated out-of-hospital
cardiac arrest in a general non-athletic population. Resuscitation
2014;85:1612-8.

11. Cummins RO, Chamberlain DA, Abramson NS, et al. Recommended
guidelines for uniform reporting of data from out-of-hospital cardiac
arrest: The Utstein Style. A statement for health professionals from a
task force of the American Heart Association, the European
Resuscitation Council, the Heart and Stroke Foundation of Canada,
and the Australian Resuscitation Council. Circulation 1991;84.

12. Page RL, Husain S, White LY, et al. Cardiac arrest at exercise
facilities: Implications for placement of automated external
defibrillators. J Am Coll Cardiol 2013;62:2102-9.



RESUSCITATION

172 (2022) 84-91

91

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lindskou TA, Mikkelsen S, Christensen EF, et al. The Danish
prehospital emergency healthcare system and research possibilities.
Scand J trauma, Resusc Emerg Med 2019;27:100.

Mittleman MA, Maclure M, Tofler GH, Sherwood JB, Goldberg RJ,
Muller JE. Triggering of Acute Myocardial Infarction by Heavy
Physical Exertion — Protection against Triggering by Regular
Exertion. N Engl J Med 1993 Dec 2;329:1677-83. https:/doi.org/
10.1056/NEJM199312023292301.

Centers for Disease Control and Prevention. General physical
activities defined by level of intensity [Internet]; 2018 cited 2021 Jul 2..
R Core Team. R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing;
2017. (at, https://www.R-project.org/).

Maron BJ, Shirani J, Poliac LC, Mathenge R, Roberts WC, Mueller
FO. Sudden death in young competitive athletes. Clinical,
demographic, and pathological profiles. JAMA 1996;276:199-204.
Goodman J, Kirwan L. Exercise-Induced Myocardial Ischaemia in
Women. Sport Med 2001;31:235-47. hitps://doi.org/10.2165/
00007256-200131040-00001.

Corrado D, Migliore F, Basso C, Thiene G. Exercise and the risk of
sudden cardiac death. Herz 2006;31:553-8.

Van Camp SP, Bloor CM, Mueller FO, Cantu RC, Olson HG.
Nontraumatic sports death in high school and college athletes. Med
Sci Sports Exerc 1995;27:641-7.

Thompson PD, Franklin BA, Balady GJ, et al. Exercise and acute
cardiovascular events placing the risks into perspective: A scientific
statement from the American Heart Association Council on Nutrition,
Physical Activity, and Metabolism and the Council on Clinical
Cardiology. Circ J Am Hear Assoc 2007;115:2358-68.

Albert CM, Mittleman MA, Chae CU, Lee I-M, Hennekens CH,
Manson JE. Triggering of Sudden Death from Cardiac Causes by
Vigorous Exertion. N Engl J Med 2000;343:1355-61. https://doi.org/
10.1056/NEJM200011093431902.

23.

24,

25.

26.

27.

28.

29.

30.

Mohlenkamp S, Lehmann N, Breuckmann F, et al. Running: The risk
of coronary events: Prevalence and prognostic relevance of coronary
atherosclerosis in marathon runners. Eur Heart J 2008;29:1903-10.
https://doi.org/10.1093/eurheartj/ehn163.

Hamer M, O’Donovan G, Stamatakis E. Association between
physical activity and sub-types of cardiovascular disease death
causes in a general population cohort. Eur J Epidemiol
2019;34:483-7. https://doi.org/10.1007/s10654-018-0460-2.
Marongiu E, Crisafulli A. Cardioprotection Acquired Through
Exercise: The Role of Ischemic Preconditioning. Curr Cardiol Rev
2014;10:336-48. Available from: http://www.eurekaselect.com/
openurl/content.php?genre=article&issn=1573-403X&volume=10&
issue=4&spage=336.

Holst AG, Winkel BG, Theilade J, Kristensen IB, Thomsen JL,
Ottesen GL, et al. Incidence and etiology of sports-related sudden
cardiac death in Denmark—Implications for preparticipation
screening. Hear Rhythm 2010;7.

Aschieri D, Penela D, Pelizzoni V, Guerra F, Vermi AC, Rossi L, et al.
Outcomes after sudden cardiac arrest in sports centres with and
without on-site external defibrillators. Heart 2018;104:1344-9.
Karlsson L, Malta Hansen C, Wissenberg M, et al. Automated
external defibrillator accessibility is crucial for bystander
defibrillation and survival: A registry-based study. Resuscitation
2019;136:30-7.

Wissenberg M, Lippert FK, Folke F, et al. Association of
national initiatives to improve cardiac arrest management with
rates of bystander intervention and patient survival after out-of-
hospital cardiac arrest. JAMA J Am Med Assoc
2013;310:1377-84.

Frisk Torell M, Strémso6e A, Herlitz J, Claesson A, Svensson L,
Bérjesson M. Outcome of exercise-related out-of-hospital cardiac
arrest is dependent on location: Sports arenas vs outside of arenas.
PloS one 2019;14:e0211723.




