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Abstract

Background: Although the mean age of sudden cardiac death (SCD) victims has increased during
recent decades, overall incidence has remained relatively stable. Small but very important proportion
of SCDs occur in subjects under 40 years of age and temporal trends in the incidence and

characteristics of SCD in this age group are not well known.

Methods: The Fingesture study has prospectively gathered data from 5,869 consecutive autopsy
verified SCD victims in Northern Finland during 1998-2017. On the basis of Finnish law, all who die

unexpectedly undergo autopsy.

Results: Out of total 5,869 SCDs, 160 occurred in subjects under 40 years of age (3%) indicating a
total incidence of 2.9/100,000/year. Incidence decreased during the study period; 4.0/100,000/year
(n=50) in 1998-2002, 3.7/100,000/year (n=45) in 2003-2007, 2.5/100,000/year (n=36) in 2008-2012
and 1.5/100,000/year (n=29) in 2013-2017. Coronary artery disease (CAD) was the cause of death in
46 SCD victims (29%). Among non-ischemic causes, most common were obesity-related hypertrophic
myocardial disease (24%), primary myocardial fibrosis (19%) and hypertensive myocardial disease
(6%). The incidence of SCD caused by CAD decreased as follows; 1.5/100,000/year in 1998-2002,
1.2/100,000/year in 2003-2007, 0.6/100,000/year in 2008-2012 and 0.2/100,000/year in 2013-2017.
Proportion of male gender (81%) and obesity as a comorbidity (body mass index >30 kg/m2, 40%)

remained relatively stable during the period (p=0.58 and p=0.79, respectively).

Conclusions: The incidence of SCD in subjects under 40 years of age has decreased in Northern
Finland during 1998-2017. According to autopsy data, most of the deaths are due to non-ischemic

myocardial diseases and relative proportion of CAD has decreased.



Introduction

The mean age of sudden cardiac death (SCD) victims has increased during recent decades, however,
the overall incidence has remained relatively stable. [1] Although SCD in young subjects is a rather
rare event, it is devastating for both families and communities. Recently, the importance of SCD
among young has been acknowledged and public concern is increasing. The etiology of SCD differs
slightly in younger individuals from older populations regarding incidence of coronary artery disease
or other structural cardiac diseases as cause of death. [2] We aimed to investigate the temporal
trends in the incidence and characteristics of SCD in young that have not been well described
previously. In the present study, we included those under the age of 40 since coronary artery disease
(CAD) becomes the leading cause of SCD beyond that age. [3] Additionally, this age limit has

previously been used in epidemiological studies of SCD.
Materials and Methods

The Fingesture study (The Finnish Genetic Study of Arrhythmic Events; www.clinicaltrials.gov
NCT02075866) is a large autopsy-based study consisting of consecutive series of victims of autopsy
verified SCD in Northern Finland between the years 1998-2017 (n=5,869). In Finland, all unexpected
deaths undergo medico-legal autopsy investigations based on the Finnish law. The medico-legal
autopsies were performed in the Forensic Medicine Unit of the Finnish Institute for Health and
Welfare, Oulu, Finland, and at the Department of Forensic Medicine, University of Oulu, Oulu,
Finland. Sudden death was defined as either witnessed death within 6 hours of the onset of
symptoms or as an unwitnessed death within 24 hours when the deceased individual was last seen in
a stable state of health. Non-cardiac causes (e.g. pulmonary embolism, cerebral hemorrhage,
intoxications) were excluded from the study. Determination of the cause of death was based on the
combination of autopsy findings, medical records and questionnaires sent to the next of kin.
Histological examinations were part of all autopsies and toxicology investigations were performed
when necessary. The classifications for the cause of SCD are presented in Table. The reference
population in the geographical area of Northern Finland (Statistics Finland, www.stat.fi) for every 5-
year period was used for incidence calculations. An average number of inhabitants under 40 years of
age was 289,933, with 248,380 in 1998-2002, 242,596 in 2003-2007, 289,218 in 2008-2012 and
379,537 in 2013-217. The incidence rates were compared between the first and last study period

using x2 test.

Results



Among 5,869 SCDs in the Fingesture population, 160 occurred in subjects under 40 years of age
(2.7%) indicating a total incidence of 2.9/100,000/year. The incidence of SCD decreased during the
study period; 4.0/100,000/year (n=50) in 1998-2002, 3.7/100,000/year (n=45) in 2003-2007,
2.5/100,000/year (n=36) in 2008-2012 and 1.5/100,000/year (n=29) in 2013-2017 (p < 0.001). In
autopsies, CAD was the cause of death in 46 (29%) young SCD victims and most occurred among 35—
40-year-old individuals (38 victims, 83%). Among non-ischemic causes detected in autopsies, most
common were obesity-related hypertrophic myocardial disease (38 victims, 24%), primary
myocardial fibrosis (PMF) (30 victims, 19%), hypertensive myocardial disease (10 victims, 6%),
myocarditis (8 victims, 5%) and hypertrophic cardiomyopathy (6 victims, 4%). Structurally normal
heart was present in 5 subjects (3%). The incidence and proportion of SCD caused by CAD decreased
during the study period; 1.5/100,000/year in 1998-2002 (38%), 1.2/100,000/year in 2003-2007 (33%),
0.6/100,000/year in 2008-2012 (22%) and 0.2/100,000/year in 2013-2017 (14%) (p <0.001).
Proportion of male gender (81%) and obesity as a comorbidity (body mass index >30 kg/m2, 40%)

remained relatively stable during the period (p=0.58 and p=0.79, respectively).
Discussion/Conclusion

In the present study, we observed a descending trend in the incidence of SCD among young
population, strengthening the observations in previous studies. [4] Non-ischemic myocardial diseases
comprised the majority of the causes for SCD, the proportion and therefore incidence of CAD as a
cause of SCD decreased in subjects under 40 years of age during past two decades as seen in the
general population. [1] However, the proportion of obesity as a comorbidity of SCD remained rather
stable during the 20-year period. The decrease in the incidence of SCD in the younger subjects may
be explained by the decreased proportion of mortality resulting from CAD due to progress in
prevention and treatment of CAD, along with the increased mean age of the victims dying due to
CAD. Also, the prevalence of asystole and pulseless electrical activity has been shown to be
increasing as an initial recorded rhythm in sudden cardiac arrest, possibly due to a decreasing trend
of CAD as an underlying cause. [5] Media coverage for sudden deaths in sports and in younger
populations has resulted in wide distribution of defibrillators in sporting venues and malls. Therefore,
it might be that sudden cardiac arrests are more effectively being treated today. According to
Hiltunen et al., [6] the survival rate of patients who experienced out of hospital cardiac arrest has
improved in Finland. Despite the progress in primary prevention of CAD and lifestyle changes, the
burden of acquired cardiac diseases seems to remain significant. Obesity-related hypertrophic
myocardial disease was quite prevalent in the autopsy cohort. Obesity is a global epidemic and is a

well-recognized risk factor for cardiac diseases. Obesity-related left ventricular hypertrophy has also



been observed in a previous study among the young. [7] In comparison with more commonly studied
inherited causes for SCD among young, obesity-related cardiomyopathy is highly preventable
disease. About one fifth of the victims had PMF, which is a common postmortem finding among
young individuals with SCD and may be a variable phenotypic or an earlier pathologic expression of

cardiomyopathies. [8]

In conclusion, the incidence of SCD in subjects under 40 years of age has decreased in Northern
Finland during the years 1998-2017. According to our autopsy data, most of the SCDs in this age
group are due to non-ischemic myocardial diseases with a significant proportion of obesity-related
cardiomyopathy and PMF. In addition, the incidence of CAD as a cause of SCD in these younger
subjects has decreased. In the future, we should focus prevention strategies on non-ischemic heart
diseases among the young adults, especially cardiomyopathy related to obesity and hypertension
where prevention would be beneficial. However, screening and treating CAD remains also important

in the future in order to decrease absolute numbers of SCD among young adults.
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