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ABSTRACT

BACKGROUND Sports activity among older adults is rising, but there is a lack of community-based data on
sports-related sudden cardiac arrest (SrSCA) in the elderly.

OBJECTIVES In this study, the authors investigated the prevalence and characteristics of SrSCA among subjects =65
years of age in a large U.S. population.

METHODS All out-of-hospital sudden cardiac arrests (SCAs) were prospectively ascertained in the Portland, Oregon,
USA, metro area (2002-2017), and Ventura County, California, USA (2015-2021) (catchment population ~1.85 million).
Detailed information was obtained for SCA warning symptoms, circumstances, and lifetime clinical history. Subjects with
SCA during or within 1 hour of cessation of sports activity were categorized as SrSCA.

RESULTS Of 4,078 SCAs among subjects =65 years of age, 77 were SrSCA (1.9%; 91% men). The crude annual SrSCA
incidence among age =65 years was 3.29/100,000 in Portland and 2.10/100,000 in Ventura. The most common
associated activities were cycling, gym activity, and running. SrSCA cases had lower burden of cardiovascular risk factors
(P = 0.03) as well as comorbidities (P < 0.005) compared with non-SrSCA. Based on conservative estimates of com-
munity residents =65 years of age who participate in sports activity, the SrSCA incidence was 28.9/100,000 sport
participation years and 18.4/100,000 sport participation years in Portland and Ventura, respectively. Crude survival to
hospital discharge rate was higher in SrSCA, but the difference was nonsignificant after adjustment for confounding
factors.

CONCLUSIONS Among free-living community residents age =65 years, SrSCA is uncommon, predominantly occurs in
men, and is associated with lower disease burden than non-SrSCA. These results suggest that the risk of SrSCA is low, and
probably outweighed by the high benefit of exercise. (J Am Coll Cardiol EP 2023;9:893-903) © 2023 by the American
College of Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS

CAD = coronary artery disease

COPD = chronic obstructive
pulmonary disease

CPR = cardiopulmonary
resuscitation

EMS = emergency medical
services

MI = myocardial infarction
SCA = sudden cardiac arrest

SrSCA = sports-related sudden
cardiac arrest

udden cardiac arrest (SCA) is a global

public health problem, causing more

years of potential lives lost than any
individual cancer.' In the United States,
approximately 320,000 to 360,000 individ-
uals experience SCA every year.” The sur-
vival rate remains low, because over 90% of
SCAs result in sudden cardiac death.® During
recent decades, SCA incidence has decreased
among the working-age population, but over-
all incidence has remained relatively stable,
indicating that the SCA occurrence has
shifted even more to older individuals.”

Although SCA is considered a sudden and un-
expected event, it is usually precipitated by a combi-
nation of existing cardiac substrate disease and a
wide variety of triggers that also include sporting
activity.*

Sports activity has strong long-term beneficial ef-
fects on cardiovascular health and overall well-being;
yet, physical activity may trigger life-threatening ar-
rhythmias in vulnerable patients (ie, “the exercise
paradox”). Approximately 5% to 6% of all SCAs are
associated with sports activity (sports-related sudden
cardiac arrest [SISCA]).>® Cases that occur in young
athletes receive more media attention, but in abso-
lute numbers, it is possible that the majority of
SrSCAs occur in older individuals.”

Previous studies have provided detailed evalua-
tions of SrSCA in the young and middle-aged (age 35
to 65 years),®®'° but the burden and characteristics
of SrSCA in the elderly are not well known. Impor-
tantly, there are no community-based data on free-
living residents from large catchment populations.
Regular physical activity has strong beneficial effects
on overall health in the elderly, and the mean age of
sports activity participants is increasing.'”'*> A better
understanding of SrSCAs in the older adult has the
potential to translate into improved clinical guidance
as well as public health education to achieve the
health benefits of sports activity while minimizing
any associated risks. Leveraging data from 2 pro-
spective studies that include all out-of-hospital SCAs
in these communities, we investigated the incidence,
characteristics, and temporal trends of StSCA in sub-
jects >65 years (Central Illustration).

METHODS

STUDY POPULATION. Study subjects were ascer-
tained from 2 community-based studies in the United
States that have an identical design: the Oregon SUDS
(Sudden Unexpected Death Study) (since 2002) and
the Ventura PRESTO (Prediction of Sudden Death in
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Multi-ethnic Communities) (since 2015). Both are
prospective and ascertain all out-of-hospital SCAs
from the Portland, Oregon, USA, metro area (popula-
tion ~1 million), and Ventura County, California, USA
(population ~850,000), respectively. Out-of-hospital
SCAs are ascertained from the region’s 2-tiered
emergency medical services (EMS) system. In-house
SCA adjudication and entry of detailed information
was performed by trained researchers using all
available medical records for each potential SCA case:
EMS prehospital care report, complete medical re-
cords from the region’s hospital systems, medical
examiner’s report, and death certificates from Oregon
and California state vital statistics records. SCA was
defined as a sudden loss of pulse of likely cardiac
etiology that occurred with a rapid witnessed
collapse, or if unwitnessed, the subject should have
been seen alive within 24 hours. We excluded cases
with likely noncardiac etiology (eg, trauma/violent
death, overdose/substance abuse) or chronic terminal
illness. Consequently, the Oregon SUDS and Ventura
PRESTO include all out-of-hospital SCAs of likely
cardiac origin in both communities.

CURRENT SUBSTUDY. For this substudy, we included
all SCA cases =65 years of age with resuscitation
attempted by EMS. For the Oregon SUDS, we ascer-
tained SCA cases between 2002 and 2017, whereas for
the Ventura PRESTO study, we ascertained SCA
cases between 2015 and 2021. The details of case
ascertainment and selection of study subjects are
presented in Figure 1. Information on arrest circum-
stances and resuscitation measures were obtained by
evaluation of EMS reports from all SCA cases. Data on
warning symptoms was obtained from EMS reports,
medical records, and postarrest interviews if the
subject survived. Information on prearrest clinical
characteristics was included if the patient provided a
written consent or was deceased, in which case con-
sent was waived. Medical records were obtained from
regional health care systems and used to characterize
the detailed clinical profile. Diabetes, hyperlipidemia,
or chronic obstructive pulmonary disease (COPD)/
asthma were defined by diagnosis or medication lis-
ted in the clinical record. For other comorbidities, a
corresponding diagnosis was required. Information
on survival to hospital discharge was obtained from
EMS case records and medical records.

Sports activity was defined as any physical activity
conducted with the goal of recreation or maintenance
of physical fitness or skill. StSCA was defined as SCA
during sports activity or within 1 hour of cessation of
sports activity. When SCA events occurred during
physical activity that was not considered sports
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CENTRAL ILLUSTRATION Sports-Related Sudden Cardiac Arrest in Older Adults

Salient findings Implications
(J
« RARE: Annual
- incidence BENEFITS OF
o ~2-3 cases per 100,000 EXERCISE likely

PUBLIC LOCATION and
bystander response are
key determinants of

outweigh risk of
cardiac arrest

survival outcome

warning symptoms, resuscitation profile, and lifetime clinical history.

Sudden cardiac arrest in the setting of sports activity was evaluated in a catchment population of 1.8 million. Subjects with sudden cardiac
arrest during or within 1 hour of cessation of sports activity were categorized as sports-related. Detailed information was obtained regarding
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FIGURE 1 Flow Chart Showing Details of Case Ascertainment and Selection of Study Subjects

Oregon SUDS

(Portland, OR, 2002-2017)

Excluded

SCAs with resuscitation attempted in individuals
265 years n=2,406
« Data on demographics and resuscitation
variables from EMS reports

‘ Prospective community-based study of SCA

SCA cases <65 years and SCAs
without resuscitation attempted

Ventura PRESTO

Prospective community-based study of SCA
(Ventura County, CA, 2015-2021)

SCA cases <65 years and SCAs
without resuscitation attempted

Excluded

SCAs with resuscitation attempted in individuals
265 years n=1,672
+ Data on demographics and resuscitation
variables from EMS reports

1,901 SCA cases with access to medical records

+ Data on prearrest clinical characteristics

505 SCA cases without
access to medical records

1,308 SCA cases with access to medical records
* Data on prearrest clinical characteristics

364 SCA cases without
access to medical records

l

Study population
¢ 4,078 SCAs in individuals 265 years

¢ 3,209 SCAs in individuals 265 years with access to medical records

Death Study.

EMS = emergency medical services; PRESTO = Prediction of Sudden Death in Multi-ethnic communities; SCA = sudden cardiac arrest; SUDS = Sudden Unexpected
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(n = 75, most commonly during gardening or
walking), these were not considered SrSCA. Addi-
tionally, 13 SCAs occurred during sexual intercourse
(0.3%) and were not categorized as SrSCA.

The Institutional Review Boards of Ventura County
Medical Center, Oregon Health and Science Univer-
sity, Cedars-Sinai Health System, and all other rele-
vant health systems and participating hospitals
approved the study protocol.

STATISTICAL ANALYSIS. Information on de-
mographics and resuscitation variables was obtained
and analyzed in all study subjects using EMS clinical
reports, and analysis of the lifetime clinical history
was restricted to those with clinical records available
(n = 3,209; 79%). All continuous variables are pre-
sented as mean + SD. Between-group differences
were analyzed with the chi-square test and Student’s
t-test/Mann-Whitney U test for categorical and
continuous variables, respectively. We considered
continuous variables to be normally distributed after
visual inspection and data skewness calculation
(between -1 and 1), after which between-group dif-
ferences were calculated using Student’s t-test. If the
criteria were not met (age, ejection fraction),
between-group differences were calculated using
nonparametric Mann-Whitney U test. For calculation
of incidence rates, we used data from the U.S. Census
Bureau. The annual number of all residents =65 years
of age in Multnomah County and Ventura County
were considered as the denominator for incidence
calculation in the Oregon SUDS and Ventura PRESTO
studies, respectively. For incidence trend calcula-
tions, we divided the number of SrSCA in each 4-year
period by the mean annual number of all
individuals =65 years of age. We calculated crude
estimates of the number of individuals >65 years of
age participating in sport activity in each of the 2
communities based on published findings from the
Cardiovascular Health Study, which reported that
11.4% of study subjects >65 years of age were
participating in high-intensity exercise.”> We calcu-
lated the SrSCA incidence per sport participation
years by dividing the number of SrSCA by the
number of older adults that participate in sports
activity. Predictors of survival to hospital discharge
were evaluated using multivariable logistic regres-
sion including all variables with a P value <0.10 in a
univariate analysis. Univariate and multivariable
logistic regression were used to calculate adjusted
ORs with 95% CIs for survival to hospital discharge
variables. P values for trends were calculated using
linear regression. Statistical analyses were per-
formed with the IBM Statistical Package for Social
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TABLE 1 Type and Prevalence of Sports Activities Associated
With Sudden Cardiac Arrest =65 Years

Cycling 13/77 (16.9)
Gym activity 13/77 (16.9)
Running 12/77 (15.6)
Golf 9/77 (1.7)
Tennis 8/77 (10.4)
Swimming 5/77 (6.5)
Bowling 5/77 (6.5)
Dancing 4/77 (5.2)
Racquetball 3/77 3.9)
Basketball 2/77 (2.6)
Hiking 1/77 (1.3)
Kayaking 1/77 (1.3)
Volleyball 1/77 (1.3)

Values are n (%).

Studies (SPSS) version 24.0. All reported P values
are 2-sided, and P values <0.05 were considered
significant.

RESULTS

PREVALENCE, EVENT CIRCUMSTANCES, AND WARNING
SYMPTOMS. Of 4,078 total SCA cases in subjects =65
years of age, 77 (1.9%) occurred in the setting of sports
activity. The most common sports activities at the
time of SCA were cycling (n = 13; 17%), gym activity
(n = 13; 17%), running (n = 12; 16%), golf (n = 9; 12%),
and tennis (n = 8; 10%) (Table 1). The majority (77%)
of SrSCAs occurred during sports activity and 17%
within 1 hour after cessation (6% could not be clas-
sified in either category). In total, 20 SrSCA cases
(26%) had warning symptoms during the 24 hours
preceding the SCA event. The most common warning
symptom was chest pain in 11 of 20 cases (55%), and 3
subjects had seizures (15%). The remainder had
nonspecific symptoms, eg, dizziness, nausea, or
complaints of not feeling well.

DEMOGRAPHICS AND DIURNAL VARIANCE. SrSCA
cases were more often men (90.9% Vs 62.4%; P <
0.001) and were younger on average (74.1 + 7.5 years
vs 78.3 + 8.6 years; P < 0.001) compared with non-
SrSCA cases, and there was no statistically signifi-
cant difference in race/ethnicity distribution
(Table 2). Women who experienced SrSCA were older
than men (79.6 + 11.7 years vs 73.5 + 6.9 years; P =
0.04) (Figure 2). There were 2 diurnal variation peaks
for SrSCAs, 8: 00 am to 12:00 pm and 4:00 pm to 6:00 pM,
whereas no distinct peaks were identified for non-
SrSCA (Figure 3). A likely reason is that our study
subjects were probably most likely to exercise during
these hours. There were no statistically significant
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TABLE 2 Demographic Comparisons of Sports-Related SCA and
Nonsports-Related SCA

Sports-Related SCA Nonsports-Related SCA

n=77) (n =4,001) P Value

Demographics

Age, y 741 +£75 783 + 8.6 <0.001

Female 7/77 (9.1) 1,503/4,001 (37.6)  <0.001
Race/ethnicity 0.27

White 64/72 (88.9) 3,030/3,889 (77.9)

Hispanic 3/72 (4.2) 407/3,889 (10.5)

Black 2/72 (2.8) 191/3,889 (4.9)

Asian 2/72 (2.8) 194/3,889 (5.0)

Other 1/72 (1.4) 67/3,889 (1.7)

Values are mean + SD or n/N (%).
SCA = sudden cardiac arrest.

septadian or seasonal differences between SrSCAs
and non-SrSCAs.

CLINICAL CHARACTERISTICS. We were able to
evaluate clinical characteristics for cases with medi-
cal records available (47 SrSCA and 3,162 non-SrSCA).
In general, SrSCA cases had lower prevalence of
clinical comorbidities compared with non-SrSCA
cases, including heart failure (17.0% vs 38.0%; P =
0.003), COPD/asthma (15.6% Vs 35.8%; P = 0.004),
and hypertension (57.8% vs 80.1%; P = 0.001). How-
ever, history of previously diagnosed coronary artery
disease (CAD) (48.9% vs 48.1%; P = 0.91) and

Holmstrom et al
Sports and Sudden Death

myocardial infarction (MI) (27.7% vs 25.4%; P = 0.74)
was equal in SrSCA and non-SrSCA cases (Table 3).
The most common clinical substrate for SCA identi-
fied in SrSCA cases was CAD without heart failure
(Figure 4).

Additionally, SrSCA cases had a significantly lower
burden of cardiovascular risk factors (hypertension,
diabetes, hyperlipidemia, smoking, obesity) than
non-SrSCA cases (P for trend = 0.03): 0 risk factors in
17% (SrSCA) vs 9% (non-SrSCA); 1 risk factor in 32%
(S1SCA) vs 17% (non-SrSCA); 2 risk factors in
23% (SrSCA) vs 29% (non-SrSCA); 3 risk factors in 19%
(SrSCA) vs 29% (non-SrSCA); 4 risk factors in
9% (STSCA) vs 15% (non-SrSCA); and 5 risk factors in
0% (SrSCA) vs 1% (non-SrSCA).

SCA OUTCOMES. Survival to hospital discharge was
43.8% among SrSCA and 11.1% among non-SrSCA
cases. Rates of public location (72.7% vs 9.2%; P <
0.001), witnessed arrest (88.0% vs 57.0%; P < 0.001),
shockable rhythm (81.8% vs 28.7%; P < 0.001), and
bystander cardiopulmonary resuscitation (CPR)
(71.4% Vs 42.1%; P < 0.001) were significantly higher
among SrSCA cases than non-SrSCA cases. SCA event
characteristics are presented in Table 4.

In the univariate models, the following variables
were associated with survival from SCA events (P <
0.10): age, sex, diabetes, hypertension, hyperlipid-
emia, COPD/asthma, prior MI, prior percutaneous
coronary intervention, prior coronary artery bypass
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FIGURE 2 Comparisons of Age Distribution
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FIGURE 3 Diurnal Variation in SrSCA and Non-SrSCA
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variation was observed in non-SrSCA.

P < 0.001 for sports-related sudden cardiac arrest (SrSCA) vs non-SrSCA. Two distinct peaks were identified for SrSCA, but no significant

TABLE 3 Clinical Characteristics of All Study Subjects With Available Medical Records
Sports-Related SCA t-Related SCA
(n =47) (n = 3,162) P Value
Clinical characteristics
Coronary artery disease 23/47 (48.9) 1,520/3,162 (48.1) 0.91
Heart failure 8/47 (17.0) 1,201/3,162 (38.0) 0.003
Atrial fibrillation 8/46 (17.4) 580/3,146 (18.4) 0.86
Diabetes 15/45 (33.3) 1,397/3,141 (44.5) 0.17
Hypertension 26/45 (57.8) 2,515/3,141 (80.1) 0.001
Hyperlipidemia 27/45 (60.0) 2,042/3,141 (65.0) 0.53
COPD/asthma 7/45 (15.6) 1,126/3,141 (35.8) 0.004
Smoker 2/32 (6.3) 355/2,442 (14.5) 0.31
BMI, kg/m* 27.9 + 4.8 29.0 + 8.2 0.19
Obesity (BMI =30 kg/m?) 10/33 (30.3) 855/2,375 (36.0) 0.50
SCA history 0/47 (0) 37/3,162 (1.2) 0.45
Myocardial infarction 13/47 (27.7) 802/3,162 (25.4) 0.74
ICD 0/47 (0) 73/3,162 (2.3) 0.63
Pacemaker 2/47 (4.3) 121/3,162 (3.8) 0.70
PCl 3/47 (6.4) 282/3,162 (8.9) 0.80
CABG 9/47 (19.1) 374/3,162 (11.8) 0.17
EF =35% 2/14 (14.3) 318/1,498 (21.2) 0.75
Mean EF, %" 53.7 £20.2 50.1+15.4 0.53
SCA caused by acute coronary event® 10/28 (35.7) 239/820 (29.1) 0.53
Values are n/N (%) or mean + SD. ?Data available from 2,408 subjects. ®Data available from 1,512 subjects. “Data
available from 848 subjects with autopsy or postarrest clinical evaluation.
CABG = coronary artery bypass graft surgery; EF = ejection fraction; ICD = implantable cardioverter-
defibrillator; PCI = percutaneous coronary intervention; SCA = sudden cardiac arrest.

graft surgery, smoking, SCA location, witness status,
shockable rhythm, and SrSCA (Table 5). These vari-
ables were included in a multivariable model, in
which age (OR: 0.97; 95% CI: 0.96-0.99), public loca-
tion (OR: 2.49; 95% CI: 1.67-3.72), SCA in emergency
department/ambulance/outpatient clinic (OR: 1.84;
95% CI: 1.09-3.09), bystander witness (OR: 4.03;
95% CI: 2.48-6.56), EMS witnessed (OR: 10.71; 95% CI:
6.07-18.91), and shockable rhythm (OR: 5.20; 95% CI:
3.69-7.33) remained independently associated with
survival to hospital discharge. ORs and 95% ClIs for
each variable are presented in Table 5 and Figure 5.

ANNUAL INCIDENCE AND TEMPORAL TRENDS. In
Oregon SUDS during 2002 to 2017, the mean annual
crude incidence for overall SCA =65 years was 149/
100,000, and was 3.29/100,000 for StTSCA =65 years.
Similarly, in Ventura PRESTO 2015 to 2021, the mean
annual crude incidence for overall SCA was 182/
100,000 and was 2.10/100,000 for SrSCA =65 years.
SCAs in Ventura PRESTO had a higher mean age (79.6
+ 8.8 years vs 77.3 &+ 8.3 years; P < 0.001) which may
explain the higher incidence of all SCAs and lower
incidence of SrSCAs. There was no statistically sig-
nificant difference in sex distribution between overall
Oregon SUDS and Ventura PRESTO SCA cases.

Due to the relatively short data collection period in
Ventura PRESTO, we calculated temporal trends for
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FIGURE 4 The Main Clinical Substrates of SCA in Sports-Related and Nonsports-Related SCAs
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40%

P = 0.01. CAD = coronary artery disease; HF = heart failure; SCA = sudden cardiac arrest.

overall SCA and SrSCA incidence only in Oregon
SUDS. The ascertainment time (2002-2017) was
divided into 4-year periods. The incidence of overall
SCA in subjects >65 years of age remained relatively
stable: 172 of 100,000 in 2002 to 2005, 141 of 100,000
in 2006 to 2009, 132 of 100,000 in 2010 to 2013, and
151 of 100,000 in 2014 to 2017 (P for trend = 0.46). In
contrast, the incidence of SrSCA slightly increased
during the same period but did not reach statistical
significance: 2.65/100,000 in 2002 to 2005, 2.59/
100,000 in 2006 to 2009, 3.62/100,000 in 2010 to
2013, and 4.06/100,000 in 2014 to 2017 (P for
trend = 0.07) (Figure 6). The mean age of SrSCA cases
increased slightly but did not reach statistical signif-
icance (data not shown).

When using the estimated number of individuals
>65 years of age who participate in sport activity as a
reference population, the incidence of SrSCA in
Portland, Oregon, USA, was 28.9/100,000 sport
participation years and 18.4/100,000 sport participa-
tion years in Ventura, California, USA.

DISCUSSION

To our knowledge, this is the first prospective
population-based study to investigate the burden
and characteristics of SrSCA in older adults, among
free-living residents of 2 large communities. Our
main findings include the following: 1) only a small
proportion of SCAs in the elderly occurred across a
spectrum of sports activities, with cycling, gym ac-
tivity, and running being most common; 2) typical

male predominance was exaggerated in SrSCA; 3)
S1SCA cases were overall healthier than non-SrSCA
cases; and 4) SrSCA was more likely to be associ-
ated with public locations, bystander-witnessed
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SCA and Nonsports-Related SCA

TABLE 4 Comparison of Resuscitation-Related Characteristics Between Sports-Related

Sport d SCA ports-Related SCA
(n=77) (n = 4,001) P Value
Witness status <0.001
Unwitnessed 9/75 (12.0) 1,715/3,986 (43.0)
Bystander witnessed 65/75 (86.7) 1,877/3,986 (47.1)
EMS-witnessed 1/75 (1.3) 394/3,986 (9.9)
Arrest characteristics
Bystander CPR 55/77 (71.4) 1,683/4,001 (42.1) <0.001
Return of spontaneous circulation 52/77 (67.5) 1,462/3,971 (36.8) <0.001
Survival to hospital discharge 32/73 (43.8) 437/3,954 (11.1) <0.001
Initial rhythm <0.001
VF/VT 63/77 (81.8) 1,149/4,001 (28.7)
Pulseless electrical activity 6/77 (7.8) 1,149/4,001 (28.7)
Asystole 6/77 (7.8) 1,579/4,001 (39.5)
Bradycardia 1/77 (1.3) 22/4,001 (0.5)
Other/unknown 1/77 (1.3) 102/4,001 (2.6)
Location <0.001
Home 12/77 (15.5) 2,629/4,001 (65.7)
Care facility 0/77 (0) 606/4,001 (15.1)
Public location 56/77 (72.7) 370/4,001 (9.2)
ED/ambulance/outpatient clinic 4/77 (5.2) 150/4,001 (3.7)
Moving vehicle 2/77 (2.6) 66/4,001 (1.6)
Other/unknown 3/77 (3.9) 180/4,001 (4.5)
EMS response time® 6.8 £33 6.8 +3.0 0.79

Values are n/N (%) or mean =+ SD. ®Data available from 3,991 subjects.
CPR = cardiopulmonary resuscitation; ED = emergency department; EMS = emergency medical services;
SCA = sudden cardiac arrest; VF = ventricular fibrillation; VT = ventricular tachycardia.
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TABLE 5 Univariate and Multivariable Models for Factors Associated With Survival

Univariate Model

Multivariable Model

OR (95% CI) P Value OR (95% CI) P Value
Age 0.95 (0.94-0.97) <0.001 0.97 (0.96-0.99) 0.01
Female sex 0.80 (0.65-0.98) 0.03 1.31(0.94-1.83) 0.12
Clinical characteristics
Diabetes 0.66 (0.53-0.82) <0.001 0.78 (0.57-1.07) 0.13
Hypertension 0.54 (0.44-0.66) <0.001 0.78 (0.52-1.18) 0.24
Hyperlipidemia 0.84 (0.69-1.02) 0.08 1.08 (0.74-1.57) 0.69
COPD/asthma 0.65 (0.52-0.83) <0.001 0.96 (0.69-1.34) 0.82
Prior myocardial infarction 1.27 (1.01-1.59) 0.04  1.19 (0.85-1.66) 0.31
Prior PCI 1.76 (1.28-2.41) 0.001  1.45(0.94-2.24) 0.10
Prior CABG 1.57 (1.18-2.09) 0.002 1.10 (0.73-1.65) 0.66
Smoker 1.33 (0.95-1.87) 0.10 1.00 (0.66-1.52) 1.00
Location
Home Ref Ref Ref Ref
Public 3.99 (3.11-5.12)  <0.001 2.49 (1.67-3.72) <0.001
ED/ambulance/outpatient clinic  4.88 (3.39-7.03) <0.001 1.84 (1.09-3.09) 0.02
Care facility 0.38 (0.24-0.59) <0.001 0.65 (0.34-1.22) 0.18
Moving vehicle 1.95 (1.01-3.77) 0.05 0.76 (0.25-2.29) 0.63
Witness status
Unwitnessed Ref Ref Ref Ref
Bystander-witnessed 5.95 (4.43-7.98) <0.001 4.03 (2.48-6.56) <0.001
EMS-witnessed 10.04 (7.05-14.30) <0.001 10.71 (6.07-18.91) <0.001
Shockable rhythm 8.86 (7.11-11.06) <0.001 5.20 (3.69-7.33) <0.001
Sport-SCA 6.28 (3.92-10.08) <0.001 1.51 (0.65-3.52) 0.34

CABG = coronary artery bypass graft surgery; COPD = chronic obstructive pulmonary disease; ED = emergency
department; PCl = percutaneous coronary intervention; SCA = sudden cardiac arrest.
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status, and present with shockable rhythms, which
contributed to a 4-fold higher rate of survival
from SCA.

Although overall SCA increases with age, SrSCAs
were rare and were significantly lower in prevalence
compared with middle-aged and younger sub-
groups.>®?° Individuals that had SCA in the setting of
sports activity were apparently healthier than those
who had non-SrSCA based on lower prevalence of
cardiovascular risk factors and comorbid conditions.
This could be related to the overall healthier lifestyle
of individuals who participate in sports activity."
However, even though SrSCA cases were younger on
average, the prevalence of previously diagnosed CAD
and MI was similar in both groups. There may be
differences in the extent and severity of CAD between
SrSCA and non-SrSCA cases,'* which we were not able
to determine.

Interestingly, the prevalence of CAD related heart
failure was lower in SrSCA cases, suggesting that
SrSCA may have been associated with less severe
CAD. Given the established beneficial effects on car-
diovascular health and overall well-being among the
elderly," the low incidence of SrSCA in the commu-
nity suggests that the benefits of exercise probably
outweigh any associated risks.

FIGURE 5 Comparison of Resuscitation Profiles
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(A) Resuscitation characteristics of sudden cardiac arrest (SCA) occurring during sport or not during sport. (B) Unadjusted and adjusted OR for survival to hospital
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witness status, and shockable rhythm.
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For all sudden cardiac arrests (SCAs), P value for trend is 0.46; for sports-related SCAs, P value for trend is 0.07.

Although our study provides comprehensive
community-based information on the incidence and
characteristics of SrSCA in the elderly, the effective-
ness of preparticipation screening remains unclear.
The incidence of StSCA was only 18.4/100,000 sport
participation years in Ventuar and 28.9/100,000 sport
participation years in Portland, which is significantly
lower than the overall SCA incidence in this age
group.”” Given that the estimated number of in-
dividuals >65 years of age participating sports activity
is on the Cardiovascular Health Study (participants
>65 years of age, project started in 1988) and that the
rate of sport participation has increased in recent de-
cades among the elderly, the actual incidence rate may
be even lower. However, we were not able to evaluate
the rates of screening and consequent cardiovascular
care that may have been conducted in the denominator
population. Given that 49% of our StSCA cases had 0 to
1 cardiovascular risk factors and 72% had o to 2 risk
factors, arelatively low-risk profile in StSCA cases may
restrict the sensitivity of preparticipation screening
tools for asymptomatic patients. However, more work
needs to be done to determine whether pre-
participation screening may be beneficial in selected
patient groups.

Over 90% of SrSCA cases were men. Previous
studies have highlighted male predominance in
young and middle-aged SrSCAs,>%%1%:16:17 and these
differences appear exaggerated in SrSCA over age 65
years. However, we could not estimate the possible

difference in sports participation rate between men
and women, and therefore, we are not able to draw
any definitive conclusions regarding the contribution
of gender differences to SrSCA risk.

Preparticipation exercise testing is currently not
recommended for low-risk asymptomatic pa-
tients.’®*° Given that a significant proportion of
SrSCA cases may experience warning symptoms
before the SCA event® and that the risk of SCA during
sports activity is inversely correlated to habitual
physical activity,”®** clinical assessment of symp-
toms and habitual physical activity is an important
approach to risk stratification and guidance for the
optimal exercise program to reduce the risk of
SrSCA.* Of note, recent prospective studies of CAD
patients found that symptoms and low physical ac-
tivity levels have strong predictive value for sudden
cardiac death.”>**

The survival rate following SrSCA was 4-fold
higher compared with non-SrSCA, a striking differ-
ence. The high survival rate is consistent with prior
studies of middle-aged and younger SrSCA.>%%2> The
most important determinants for the high survival
rate were public location, bystander/EMS witnessed
SCA, and shockable rhythm at presentation. Although
bystander CPR, prompt recognition of shockable
rhythm, and immediate defibrillation are established
determinants of survival following SCA, substantial
regional differences in acute SCA management and
survival rates have been reported.?®~*” This suggests
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that there is still room to improve community
involvement in resuscitation. A recent study from the
Paris Sudden Death Expertise Center reported that
the rate of bystander CPR and automated external
defibrillator use increased significantly in a 12-year
period, leading to a significantly improved survival
rate.”® The same group also reported that SrSCA
cases occurring in sports facilities had a better
prognosis than cases that occurred outside sports
facilities,”® and the difference was mainly driven by
more beneficial SCA circumstances. Altogether,
these findings highlight the importance of bystander
awareness and CPR skills as well as public-access
automated external defibrillator deployment in
improving SCA survival.

STUDY LIMITATIONS. There are several strengths of
this work, including prospective ascertainment in 2
large U.S. communities, with comprehensive data
collection and analysis. However, this study has
some potential limitations that should be consid-
ered while interpreting these findings. We did not
have access to medical records for all SCA cases
because a proportion of SCA cases may not have
had a detailed medical work-up before their cardiac
arrest event. Although we attempted to contact all
SCA survivors, a subgroup could not be contacted
and therefore we could not obtain informed consent
for analysis of their clinical records. We were not
able to assess the intensity of SCA-related sports
activities. Autopsy data was not universally avail-
able for all SCA cases. We were not able to evaluate
possible differences in sports participation rates
between the 2 separate communities, which may
have affected overall SrSCA incidence. However,
based on increased participation in the past 2 de-
cades, we are likely to be overestimating SrSCA
incidence. Last, collection of data on warning
symptoms may be prone to recall bias.

CONCLUSIONS

SCA in the setting of sports activity is rare in older
adults, comprising only 1.9% of all SCAs in the =65
years age group. The vast majority of SrSCA cases
occurred in men, with extremely low incidence

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 9, NO. 7, 2023
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among women. There was a lower burden of cardio-
vascular risk factors and clinical comorbidities in
SrSCA compared with non-SrSCA. Additionally, STSCA
was associated with public location as well as higher
rates of bystander-witnessed and shockable rhythms,
resulting in survival outcomes that were 4-fold higher
than non-SrSCA. These findings reinforce the low risk
and potentially high benefit of exercise habituation in
older adults.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: These
community-based findings in a large population
highlight the low burden of SrSCA in older adults.
Prevalence of risk factors and comorbidity burden
were significantly lower compared with non-SrSCA,
rates of successful resuscitation were 4-fold higher.

TRANSLATIONAL OUTLOOK: These findings sug-
gests that sports activity is associated with low SCA
risk in older adults. Given the widespread beneficial
effects of exercise, the overall benefit of sports ac-
tivity likely outweighs the low risk of SCA in older
adults.

REFERENCES

1. Stecker EC, Reinier K, Marijon E, et al. Public 2. Virani SS, Alonso A, Aparicio HJ, et al. Heart 3. Sasson C, Rogers MA, Dahl J, Kellermann AL.
health burden of sudden cardiac death in the disease and stroke statistics-2021 update: a report Predictors of survival from out-of-hospital cardiac
United States. Circ Arrhythm Electrophysiol. from the American Heart Association. Circulation. arrest: a systematic review and meta-analysis. Circ

2014;7(2):212-217. 2021;143(8):e254-e743.

Cardiovasc Qual Outcomes. 2010;3(1):63-81.


mailto:sumeet.chugh@cshs.org
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref1
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref1
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref1
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref1
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref2
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref2
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref2
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref2
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref3
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref3
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref3
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref3

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 9, NO. 7, 2023

JULY 2023:893-903

4. Chugh SS, Weiss JB. Sudden cardiac death in
the older athlete. J Am Coll Cardiol. 2015;65(5):
493-502.

5. Berdowski J, de Beus MF, Blom M, et al. Exer-
cise-related out-of-hospital cardiac arrest in the
general population: incidence and prognosis. Eur
Heart J. 2013;34(47):3616-3623.

6. Marijon E, Uy-Evanado A, Reinier K, et al.
Sudden cardiac arrest during sports activity in
middle age. Circulation. 2015;131(16):1384-
1391.

7. Marijon E, Tafflet M, Celermajer DS, et al.
Sports-related sudden death in the general pop-
ulation. Circulation. 2011;124(6):672-681.

8. Harmon KG, Asif IM, Klossner D, Drezner JA.
Incidence of sudden cardiac death in National
Collegiate Athletic Association athletes. Circula-
tion. 2011;123(15):1594-1600.

9. Jayaraman R, Reinier K, Nair S, et al. Risk factors
of sudden cardiac death in the young: multiple-
year community-wide assessment. Circulation.
2018;137(15):1561-1570.

10. Maron BJ, Doerer JJ, Haas TS, Tierney DM,
Mueller FO. Sudden deaths in young competitive
athletes: analysis of 1866 deaths in the United
States, 1980-2006. Circulation. 2009;119(8):
1085-1092.

11. De Maio VJ, Stiell IG, Wells GA, Spaite DW,
OPALS Study Group. Cardiac arrest witnessed by
emergency medical services personnel: descriptive
epidemiology, prodromal symptoms, and pre-
dictors of survival. Ann Emerg Med. 2000;35(2):
138-146.

12. Hamer M, Lavoie KL, Bacon SL. Taking up
physical activity in later life and healthy ageing:
the English longitudinal study of ageing. Br J
Sports Med. 2014;48(3):239-243.

13. Soares-Miranda L, Siscovick DS, Psaty BM,
Longstreth WT Jr, Mozaffarian D. Physical activity

and risk of coronary heart disease and stroke in
older adults: the Cardiovascular Health Study.
Circulation. 2016;133(2):147-155.

14. Karam N, Pechmajou L, Dumas F, et al
Comprehensive assessment of coronary artery
disease in sports-related sudden cardiac arrest.
Circulation. 2018;138(4):429-431.

15. Tsao CW, Aday AW, Almarzooq ZI, et al. Heart
disease and stroke statistics-2022 update: a report
from the American Heart Association. Circulation.
2022;145(8):e153-e639.

16. Marijon E, Bougouin W, Perier MC,
Celermajer DS, Jouven X. Incidence of sports-
related sudden death in France by specific sports
and sex. JAMA. 2013;310(6):642-643.

17. Wisten A, Borjesson M, Krantz P, Stattin EL.
Exercise related sudden cardiac death (SCD) in the
young - Pre-mortal characterization of a Swedish
nationwide cohort, showing a decline in SCD
among athletes. Resuscitation. 2019;144:99-105.

18. Fletcher GF, Ades PA, Kligfield P, et al. Exer-
cise standards for testing and training: a scientific
statement from the American Heart Association.
Circulation. 2013;128(8):873-934.

19. Pelliccia A, Sharma S, Gati S, Back M,
Borjesson M, Caselli S, et al. 2020 ESC guidelines
on sports cardiology and exercise in patients with
cardiovascular disease. Eur Heart J. 2021;42(1):17-
96.

20. Albert CM, Mittleman MA, Chae CU, Lee IM,
Hennekens CH, Manson JE. Triggering of sudden
death from cardiac causes by vigorous exertion.
N Engl J Med. 2000;343(19):1355-1361.

21. Mittleman MA, Maclure M, Tofler GH,
Sherwood JB, Goldberg RJ, Muller JE. for the
Determinants of Myocardial Infarction Onset
Study Investigators. Triggering of acute myocar-
dial infarction by heavy physical exertion. Protec-

Holmstrom et al
Sports and Sudden Death

tion against triggering by regular exertion. N Engl
J Med. 1993;329(23):1677-1683.

22, Siscovick DS, Weiss NS, Fletcher RH, Lasky T.
The incidence of primary cardiac arrest during
vigorous exercise. N Engl J Med. 1984;311(14):
874-877.

23, Lahtinen M, Toukola T, Junttila MJ, et al. Ef-
fect of changes in physical activity on risk for
cardiac death in patients with coronary artery
disease. Am J Cardiol. 2018;121(2):143-148.

24. Tulppo MP, Kiviniemi AM, Lahtinen M, et al.
Physical activity and the risk for sudden cardiac
death in patients with coronary artery disease. Circ
Arrhythm Electrophysiol. 2020;13(6):e007908.

25. Pechmajou L, Sharifzadehgan A, Bougouin W,
et al. Does occurrence during sports affect sudden
cardiac arrest survival? Resuscitation. 2019;141:
121-127.

26. Marijon E, Bougouin W, Celermajer DS, et al.
Major regional disparities in outcomes after sud-
den cardiac arrest during sports. Eur Heart J.
2013;34(47):3632-3640.

27. Nichol G, Thomas E, Callaway CW, et al.
Regional variation in out-of-hospital cardiac arrest
incidence and outcome. JAMA. 2008;300(12):
1423-1431.

28. Karam N, Pechmajou L, Narayanan K, et al.
Evolution of incidence, management, and out-
comes over time in sports-related sudden cardiac
arrest. J Am Coll Cardiol. 2022;79(3):238-246.

29. Marijon E, Bougouin W, Karam N, et al. Sur-
vival from sports-related sudden cardiac arrest: In
sports facilities versus outside of sports facilities.
Am Heart J. 2015;170(2):339-345.e1.

KEY WORDS elderly, epidemiology,
screening, sports activity, sudden cardiac
death

903


http://refhub.elsevier.com/S2405-500X(22)00950-1/sref4
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref4
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref4
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref5
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref5
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref5
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref5
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref6
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref6
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref6
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref6
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref7
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref7
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref7
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref8
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref8
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref8
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref8
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref9
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref9
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref9
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref9
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref10
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref10
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref10
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref10
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref10
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref11
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref11
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref11
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref11
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref11
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref11
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref12
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref12
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref12
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref12
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref13
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref13
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref13
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref13
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref13
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref14
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref14
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref14
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref14
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref15
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref15
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref15
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref15
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref16
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref16
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref16
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref16
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref17
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref17
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref17
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref17
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref17
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref18
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref18
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref18
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref18
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref19
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref19
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref19
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref19
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref19
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref20
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref20
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref20
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref20
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref21
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref21
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref21
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref21
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref21
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref21
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref21
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref22
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref22
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref22
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref22
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref23
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref23
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref23
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref23
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref24
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref24
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref24
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref24
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref25
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref25
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref25
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref25
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref26
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref26
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref26
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref26
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref27
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref27
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref27
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref27
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref28
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref28
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref28
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref28
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref29
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref29
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref29
http://refhub.elsevier.com/S2405-500X(22)00950-1/sref29

	Sudden Cardiac Arrest During Sports Activity in Older Adults
	Methods
	Study population
	Current substudy
	Statistical analysis

	Results
	Prevalence, event circumstances, and warning symptoms
	Demographics and diurnal variance
	Clinical characteristics
	SCA outcomes
	Annual Incidence and temporal trends

	Discussion
	Study limitations

	Conclusions
	Funding Support and Author Disclosures
	References


