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1. INTRODUCTION 

1.1 SUDDEN CARDIAC DEATH BEFORE THE AGE OF 50 YEARS: 
INCIDENCE RATES AND CAUSES OF DEATH 
Sudden cardiac death (SCD) is a tragic event affecting millions of 
people each year worldwide (1–3). SCD is often defined as a 
death that suddenly and unexpectedly occurs within 1 hour of the 
onset of symptoms. However, other definitions, including a 24-
hour limit in unwitnessed cases, are also used (4). SCD has a 
major impact on the affected families and can also have a major 
economic impact on society. SCD has recently been estimated to 
be responsible for 40% to 50% of the years of potential life lost 
due to heart disease (5).  
Over the last decade, several diseases causing SCD have been 
shown to be inherited. This knowledge has led to an increasing 
need for follow-up of the family members of SCD victims in clinics 
for inherited cardiac diseases (6).  
Many methodical obstacles must be considered when investigat-
ing the epidemiology of SCD. First, deaths that are sudden and 
unexpected must be identified; then, the correct cardiac cause of 
death must be established. Most registry studies do not allow the 
identification of unexpected deaths, and because autopsy rates 
are low and have declined in most countries (7,8), the identifica-
tion of the cause of death relies heavily on the physician complet-
ing the death certificate (9).  
To overcome some of these methodical issues, previous studies 
have been performed using different selected populations (10–
12), and these studies have included surrogate measurements of 
presumed unexpected death, including only out-of-hospital cardi-
ac arrests, or autopsied SCD (13,14). However, previous studies 
using these approaches might have been affected by reporting 
and referral biases; these biases are likely reflected in the inci-
dence rate and/or the distribution of the causes of SCD, which 
have varied considerably among studies (15–20). To address 
some of these issues, we previously conducted a nationwide and 
unselected study of SCD that included all deaths in Denmark 
between 2000 and 2006 among individuals aged 1-35 years (21).  
Although several studies have been conducted, certain aspects of 
the epidemiology of SCD remain incompletely understood. The 
gap in knowledge was recently emphasized in the Journal of the 
American College of Cardiology, as well as in a report, published 
by the National, Heart, Lung, and Blood Institute Working Group 
(10,22). To date, the incidence rate and causes of SCD, particular-
ly in persons aged 36-49 years in the general population, have 
been incompletely described. This gap is also the case for SCD in 
children, which is defined as SCD in persons aged 1-18 years and 
which is often described as part of deaths in young adolescents 
up to 40 years of age (15–17,23,24). The focus has recently shift-
ed toward preventing SCD in this very young population (22,25–
28). 

1.2 PREVENTION OF SUDDEN CARDIAC DEATH 
1.2.1 Screening the general population  
Over the last decade, whether and how the most optimal and 
realistic screening strategies to lower the burden of SCD should 
be implemented have been discussed (29,22,30). Efforts have 
been made to identify patients or patient groups at high risk. 
Considering the low cost-effectiveness reported until now, there 
is a growing awareness that new strategies to identify high-risk 
patients are needed (27,28). However, most of these programs, 
including those for athletes, cannot eliminate the risk of SCD and 

may also introduce unwanted side effects such as false positive 
results (31). 
 
1.2.2 Pre-participation screening of athletes 
It has particularly been heavily debated whether nationally man-
dated screening programs using electrocardiogram (ECG) should 
be recommended and implemented for all competitive athletes, 
to reduce the numbers of sports-related SCD (SrSCD) cases (32). 
On the one hand, the American Heart Association argues against 
implementing these new programs, focusing on the many ethical 
and economic challenges and obstacles (33–35). On the other 
hand, the European Heart Association currently recommends ECG 
screening for all competitive athletes (36,37). The data that favor 
such a strategy mainly come from the Veneto region in Italy. Since 
the implementation of these mandated screening programs in 
Italy, the SrSCD incidence rate has decreased to a rate less than 
that of SCD in the general population (38). In Denmark, no sys-
tematic screening of all competitive athletes has been conducted. 
Hence, Denmark is a suitable population in which to investigate 
differences in the incidence rates between SCD in the general 
population and SCD in competitive athletes. We previously 
showed, that SrSCD in competitive athletes aged <36 years is a 
rare occurrence in Denmark and that SCD is much more prevalent 
in the general population (39).  
Before discussing the optimal screening strategies for athletes, 
several issues must be addressed. First, because most studies 
have been conducted mainly in young competitive athletes aged 
<35 years, the extent to which competitive athletes aged >35 
years are at the same or even greater risk remains unknown. 
Second, pre-participation screening programs have mainly fo-
cused on competitive athletes, whereas the SrSCD incidence rate 
in non-competitive athletes has gained very little attention.  

1.2.3 Symptoms prior to sudden cardiac death 
One possible way to identify persons at risk of SCD/SrSCD could 
be to increase awareness of cardiac symptoms in the young 
(chest pain, dyspnea, palpitations, etc.). Very few studies, to our 
knowledge, have investigated how common cardiac symptoms 
are prior to SCD (18,40,41). Furthermore, some of the data that 
exist are quite old. For instance, symptoms described prior to SCD 
in children (1-18 years) derive mainly from a study conducted 
almost three decades ago (42). To identify individuals at risk and 
to estimate their risk of SCD, more information about these tragic 
occurrences is needed. 

1.2.4 Sudden cardiac death in patients with psychiatric disease  
Patients with psychiatric diseases constitute a subgroup of pa-
tients with increased mortality (43–48). Their reduced life expec-
tancy is likely explained to some extent by several factors, such as 
unhealthy living habits, including smoking, obesity and several 
other often preventable comorbidities.  
Over the past few years, these deaths have received significant 
media attention in Denmark, and it is becoming increasingly 
evident that treatment with antipsychotic medications and/or 
mood stabilizers might increase the risk of SCD (49–51). Addition-
ally, most drugs associated with SCD have the propensity of pro-
longing the QTc interval, which is considered the substrate for the 
potentially life-threatening arrhythmia, Torsades de Pointes ven-
tricular tachycardia (50,52).  
To the best of our knowledge, the SCD incidence rate in patients 
with psychiatric diseases has never been described nationwide in 
the general population. A thorough description of the causes of 
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death may further elucidate the extent to which these deaths 
may be associated with the use of prescribed medications. 
 
2. AIMS 

The overall aims of this thesis were as follows:  

1) Describe the nationwide incidence rate and causes of 
SCD in individuals aged 1-49 years (Paper I). 

2) Establish the autopsy ratios and autopsy findings and 
examine the differences between the 1-35 and 36-49-
year age groups (Paper I). 

3) Establish the incidence rates and causes of SCD in 
children, including a thorough description of previous 
medical conditions (Paper II). 

4) Describe the nationwide incidence rates of SrSCD in 
competitive and non-competitive athletes aged 12-35 
years and 36-49 years  
(Paper III).  

5) Describe the nationwide incidence rates and causes of 
SCD in patients with previous psychiatric diseases (Pa-
per IV). 

 
3. METHODS 

3.1 IDENTIFICATION OF SUDDEN UNEXPECTED DEATH 
The identification of sudden unexpected death (SD) included in 
this thesis was undertaken in two steps. The first step included 
deaths occurring between 2000 and 2006 in persons aged 1-35 
years (Papers II and IV). The second step included deaths occur-
ring between 2007 and 2009 in persons aged 1-49 years (Papers I 
and III). 

3.1.1 Review of death certificates 
All death certificates were retrieved digitally from The Danish 
Cause of Death Registry (53) and were reviewed by two physi-
cians to identify sudden and unexpected deaths. A consensus was 
reached in cases of disagreements after all materials were re-
viewed, including a review of previous medical conditions, which 
were taken into account in each case.  
Danish death certificates are suitable to identify SD cases because 
they contain a supplemental information field (see appendix page 
50). This field is mandatory in all medico-legal external examina-
tions (external examinations) and contains information describing 
the circumstances surrounding the death. The certified medical 
doctors who conduct these external examinations have access to 
the following: 1) medical files related to the death; 2) police rec-
ords, including witness statements; and 3) first responder rec-
ords. In all cases of sudden and unexpected deaths, external 
examinations are mandatory according to Danish law, including 
cases in which it is decided not to perform an autopsy.  

3.1.2 Danish registries and discharge summaries 
The unique Danish civil registration numbers were used to link all 
individuals to the Danish registries. The Danish National Patient 
Registry contains information on all in- and outpatient activities 
since 1978 (54). The registry was used to access information on 
previous medical conditions and to identify hospital or emergency 
medical records to be manually retrieved.  
The Danish Central Psychiatric Case Register contains information 
from all psychiatric hospitalizations since 1969 and was used to 
identify SCD cases with previous psychiatric in- or outpatient 

contact with hospitals (55). All involved psychiatric hospital de-
partments and emergency rooms were contacted by letter, and 
all records were manually retrieved. A detailed analysis of the 
psychiatric clinical history was assessed using all available materi-
als, including the full hospital records, the death certificates and 
the autopsy reports. In cases with several psychiatric diagnoses, 
one primary diagnosis was chosen based on clinical evaluation by 
two psychiatrists. 
From 2007 onwards, we had access to discharge summaries avail-
able in an electronic hospital records system. Here, information 
regarding treatment and patient management in the emergency 
room or hospital department was available. Discharge summaries 
were also available from the pre-hospital trauma and medical 
doctors who, in selected cases, escorted the patients to the hos-
pital.    

3.2 IDENTIFICATION OF SUDDEN CARDIAC DEATH 
3.2.1 Conduct of autopsies  
A forensic autopsy is only mandatory following SD if the mode of 
death is not well established (accident, natural deaths, etc.) or if a 
criminal act is suspected. The police ultimately decide whether an 
external examination and a subsequent forensic autopsy must be 
performed. There are three forensic departments in Denmark 
that conduct approximately 1200 autopsies each year.  
A forensic autopsy follows a protocol in which all organs are 
thoroughly examined, and the autopsy is supervised by a second 
forensic pathologist. Histopathology is routinely performed, and 
toxicology screening is performed for all unexplained deaths. 
Importantly, there were no SCD cases for which the forensic 
pathologist concluded that the toxicology profile could explain 
the death. 
In Denmark, in cases for which it is decided not to perform a 
forensic autopsy, the family or the treating physician can request 
a hospital autopsy. All of the autopsy reports were read, and the 
causes of death were established. 

3.3 ESTIMATING THE DENOMINATOR 
The size of the general background population was calculated 
using information from Statistics Denmark. Information was 
retrieved from The Civil Registration System Registry, which al-
lows for the tracking of births and deaths as well as of immigra-
tions in and out of Denmark (56). However, Statistics Denmark 
does not contain information enabling estimation of the size of 
the non-competitive and competitive athlete population. Hence, 
to do this, we used data from The Danish National Institute of 
Public Health. The institute conducted a large study entitled “How 
are you 2010,” in which they investigated, among other things, 
the extent of physical activity in the Danish population (57). In 
this large-scale questionnaire of 96,075 individuals in the investi-
gated age group, respondents were asked to choose one of four 
responses that best described their daily activity. Data were strat-
ified according to several variables and were weighted for non-
respondents by Statistics Denmark (56). 
We also used data from The Danish Central Psychiatric Case Reg-
ister to estimate the psychiatric population with a previous psy-
chiatric hospital contact in Denmark. Individuals aged 18-35 years 
in 2000-2006 with a prior hospital-based psychiatric in- or outpa-
tient contact (irrespective of age and diagnosis) were considered 
to be at risk of SCD (International Classification of Disease (8

th
 

version, ICD-8); 290-315 and International Classification of Dis-
ease (10

th
 version, ICD-10); F00-F99) (55). 
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3.4 CARDIAC SYMPTOMS PRIOR TO DEATH 
To investigate the frequency of symptoms (see definitions below) 
prior to SCD, we used the following three distinct approaches: 1) 
the supplemental information field on all death certificates was 
carefully reviewed to examine whether cardiac symptoms were 
mentioned during the interviews with witnesses and/or family 
members (Papers II, III, and IV); 2) each general practitioner, one 
of whom is assigned for each individual in Denmark, was contact-
ed by letter and/or phone to retrieve the full medical record 
(Papers III and IV); and 3) selected medical records from visits to 
emergency departments and/or hospitalizations were manually 
or electronically retrieved (Papers III and IV). All materials were 
evaluated by two physicians, and all cardiac symptoms were 
recorded. 

3.5 STATISTICS 
All incidence rates were calculated using the age-specific back-
ground population as the denominator. Confidence intervals for 
incidence rates were calculated using the Poisson distribution. 
Sensitivity analyses were performed when deemed necessary. 
Categorized nominal data were compared using the chi-square 
test. If any expected cell values were <5, Fisher’s exact test was 
used. Medians were compared using the Wilcoxon rank-sum test. 
We considered a two-sided p-value <0.05 to be statistically signif-
icant. Data management and analyses were performed using the 
Stata software package (StataCorp, Collage Station, TX, version 
11.0) 

3.6 DEFINITIONS 
We defined SD as the sudden, natural unexpected death. In wit-
nessed cases, this was defined as an acute change in the cardio-
vascular status with a time to death <1 h; in unwitnessed cases, 
this was defined as a person last seen alive and functioning nor-
mally <24 h before being found dead.  
SCD in autopsied cases was defined as the sudden, natural, unex-
pected death of unknown or cardiac cause. In witnessed cases, 
this was defined as an acute change in the cardiovascular status 
with a time to death <1 h; in unwitnessed cases, this was defined 
as a person last seen alive and functioning normally <24 h before 
being found dead. Autopsied SCD was subdivided in the following 
two groups: 1) explained SCD, for which a cardiac cause of death 
was established, and 2) sudden unexplained death (SUD), for 
which the cause of death after autopsy remained unknown. 
In non-autopsied SCD cases, we used the same criteria as above in 
cases presumed to be of cardiac origin based on the circumstanc-
es leading to death. That is, the prior medical history was taken 
into account in every case, and cases with obvious non-cardiac 
causes were excluded (i.e., pulmonary embolisms judged by 
echocardiography). 
An SrSCD was defined as an SCD occurring during or within 1 hour 
after moderate- to high-intensity exercise. The deceased was 
considered a competitive athlete if he or she did moderate- to 
high-intensity sports on a regular level and took part in competi-
tions, whereas a non-competitive athlete was defined as a person 
not participating in competitions but who did moderate to high 
intensity sports on a regular level in the months prior to death. 
The following symptoms prior to death were recorded: chest/arm 
pain (angina pectoris), uncharacteristic chest pain (described as 
“sharp” or “stabbing” chest pain), stomach pain, dyspnoea, syn-
cope, seizures, palpitations, and fatigue. 

3.7 ETHICAL CONSIDERATIONS 
The study was approved by the local ethics committee (H-KF-
272484), The Danish Data Protection Agency (2011-41-5767), and 
the Danish National Board of Health (7-505-29-25/6): 

4. RESULTS 

THE EPIDEMIOLOGY OF SUDDEN CARDIAC DEATH 
A brief overview of the results is given in the following section. A 
thorough description of the results is provided in the original 
manuscripts found in the appendix.  

4.1 SUDDEN CARDIAC DEATH BEFORE THE AGE OF 50 YEARS 
4.1.1 Paper I 
All deaths in individuals aged 1-49 years between 2007 and 2009 
were included. A total of 1,066 cases of SD were identified, of 
which 27 deaths were believed to have non-cardiac causes. There 
were 585 autopsied cases of SD, yielding an autopsy rate of 56%. 
In 146 cases, deaths were caused by non-cardiac diseases. Hence, 
the SCD population comprised 893 individuals; 439 were autop-
sied SCD cases and 454 were non-autopsied SCD cases (Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The median age of the SCD population was 43 years (Q1 to Q3; 
38-47) and 43% (n=342) died in the presence of witnesses. Most 
deaths occurred at home (n=570, 67%) while the individuals were 
awake and relaxed (n=358, 54%). The overall annual SCD inci-
dence rate was 8.6 (95% CI, 8.0-9.2) per 100,000 person-years in 
persons aged 1-49 years. Table 1 includes incidence rates accord-
ing to sex and age (Table 1). Figure 2 depicts the age-related 
incidence rate, which reached 38.5 (95% CI, 32.9-44.7) per 
100,000 person-years in the eldest age groups (Figure 2). 
The most common causes of death, depicted in figure 3, were as 
follows: coronary artery disease (CAD) (n=158), SUD (n=135), 
cardiac hypertrophy (n=34), arrhythmogenic right ventricular 
cardiomyopathy (n=20), and myocarditis (n=19) (Figure 3). 



 DANISH MEDICAL JOURNAL   5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CAD was significantly more prevalent in the 36-49-year age group 
than in the 1-35-year age group (n=140, 44% vs. n=18, 15%, 
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p<0.001). In contrast, SUD was more prevalent in 1-35-year age 
group than in the 36-49 old age group (n=56, 48% vs. n=79, 25%, 
p<0.001) (58). 

 
 
 
 
 
 
 
 
 
 
4.1.2 Paper II 
In this subgroup analysis of children aged 1-18 years, we identi-
fied 114 cases of SD between 2000 and 2006. Autopsy was con-
ducted in 88 individuals, yielding an autopsy rate of 77%. The SCD 
population comprised 87 individuals, giving an SCD incidence rate 
of 1.1 (95% CI 0.9-1.3) deaths per 100,000 person-years. Of these 
87 deaths, 37 (43%) were explained SCD, 25 (29%) were SUD, and 
25 (29%) were non-autopsied SCD. The most common causes of 
death and previously known diseases are presented in Table 2. 
After review of death certificates and autopsy reports we found 
that antecedent symptoms, prodromal symptoms, or both were 
noted in 59% (46/78) of all SCD cases. The most common symp-
toms were dyspnea, stomach pain, seizure, syncope, and 
chest/arm pain. 
With the exception of 4 individuals, all non-autopsied SCD cases 
were known to have either a severe congenital heart disease or 
other forms of diseases prior to death. Thus, we concluded that 
almost all cases of SCD in children with a potential inherited 
cardiac disease were autopsied (59). 
 

4.2 SUDDEN CARDIAC DEATH DURING PARTICIPATION IN SPORTS 

4.2.1 Paper III 
In the 12-49-year age group, we identified 881 SCD deaths be-
tween 2007 and 2009, of which 44 were SrSCD. Of the total, 33 
deaths occurred in non-competitive athletes, whereas 11 deaths 
occurred in competitive athletes. In non-competitive athletes 
aged 12-35 years, the SrSCD incidence rate was 0.43 (95% CI 0.16-
0.94) per 100,000 non-competitive athlete person-years, whereas 
in competitive athletes aged 12-35 years, the rate was 0.47 (95% 
CI 0.10-1.14) per 100,000 competitive athlete person-years. 
In non-competitive and competitive athletes aged 36-49 years, 
the SrSCD incidence rate increased to 2.95 (95% CI 1.95-4.30) and 
6.64 (95% CI 2.86-13.1) per 100,000 athlete person-years, respec-
tively. Importantly, in the general population 12-35 years of age, 
the SCD incidence rate was 3.15 (95% CI 2.67-3.69) per 100,000 
person-years, whereas in those 36-49 years of age, it was 21.7 
(95% CI 20.1-23.4) per 100,000 person-years (Table 3). 
As shown below, the incidence rates were quite similar between 
competitive and non-competitive athletes. The SCD incidence rate 
ratios of competitive versus non-competitive athletes were 1.1 
(95% CI 0.2-5.1, p=0.88) in those aged 12-35 years and 2.2 (95% CI 
0.9-5.1, p=0.06) in those aged 36-49 years. Tables 4 and 5 de-
scribe the clinical characteristics, including a description of cardi-
ac symptoms prior to death, of non-competitive and competitive 
athletes, respectively (Tables 4 and 5) (60) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.3 PREVIOUS PSYCHIATRIC DISEASE AND SUDDEN CARDIAC 
DEATH 

4.3.1 Paper IV 
Between 2000 and 2006, 395 cases of SCD occurred among indi-
viduals aged 18-35 years. Of these cases, the psychiatric SCD 
population comprised 77 individuals, whereas the non-psychiatric 
SCD population comprised 318 individuals. Individuals with previ-
ous in- or out-patient psychiatric hospital contact had a signifiant-
ly higher SCD incidence rate of 14.8 (95% CI 11.7-18.5) per 
100,000 psychiatric person-years, compared with 3.8 (95% CI 3.4-
4.3) per 100,000 person-years in individuals without previous 
psychiatric hospital contact. This corresponds to an incidence rate 
ratio of 4.3 (95% CI, 3.3-5.5, p<0.01). Particularly in men with 
previous psychiatric contact the SCD incidence rate was higher 
than in men without psychiatric disease (incidence rate ratio 5.3 
(95% CI 3.9-7.1, p<0.01) (Table 6). 
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Cardiac symptoms within one year prior to death can be found in 
Table 7. Overall, 35 individuals (46%) experienced at least one 
cardiac symptom in the year prior to SCD (Table 7). An autopsy 
was conducted in 46 of 77 (60%) psychiatric SCD cases; this au-
topsy rate did not differ from the non-psychiatric SCD population 
in which 216 (68%) autopsies were conducted (p=0.17). However, 
cause of death significantly differed between the groups. Death 
was more often unexplained in the psychiatric SCD population 
than in the non-psychiatric SCD population (30/46 (65%) vs. 
86/216 (40%), p=0.02), respectively (61) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. DISCUSSION 

5.1 METHODOLOGICAL CONSIDERATIONS 
5.1.1 Identification of sudden unexpected deaths 
In a “perfect world,” detailed information regarding the circum-
stances leading to every death would be available in a prospec-
tively collected registry. This, of course, is wishful thinking and 
will likely never be possible or feasible. How do we then identify 
all SD cases and, in turn, SCD cases to establish the “true” inci-
dence rate as well as the causes of death? 
There are several ways to identify a possible SD, depending on 
the local health care system. The most common way is to review 
material from the following sources: 1) emergency medical ser-
vices; 2) medical examiners; 3) hospital records; 4) death certifi-
cates; 5) autopsy reports; and 6) health care registries. The review 
of autopsy series is the best way to establish a correct cause of 
death (62). However, because autopsy rates are low in most 
countries (63), the true SD/SCD incidence rate will naturally be 
underestimated using this approach alone. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The use of nationwide registries, such as The Danish Cause of-
Death Registry, has the advantage that all deaths within a country 
(Denmark) are included (53). Hence, the study population includ-
ed will represent the general population and will prevent the 
selection of specific populations (selection bias). In The Cause of 
Death Registry, the cause of death is classified according to the 
International Classification of Disease (10

th
 version, ICD-10). ICD-
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10 codes are extracted from the death certificates, which are 
completed by the medical staff (general practitioner or physician 
in hospital) in cases where an external examination is not per-
formed. Obvious mistakes on the death certificate will be correct-
ed by non-medical staff in the cause of death registry. However, 
The Danish Cause of Death Registry has the major disadvantage of 
not allowing identification of sudden and unexpected deaths. 
Hence, the registry alone may be suitable for identifying cardiac 
deaths but not for identifying sudden and unexpected deaths 
and, therefore, SCD (21).  
In countries, such as the US, without these nationwide registries, 
the review of death certificates is one way to collect all deaths 
within a certain area/region to estimate the SD and/or SCD bur-
den (1). However, in the US, the review of death certificates has 
previously been shown to overestimate the SCD burden com-
pared with prospective multisource evaluations using emergency 
and hospital medical records (12). Overall, identifying SCD by 
reviewing death certificates was shown to have a sensitivity of 
59% and a specificity of 86%. In other words, the use of death 
certificates in the US will correctly classify 59% of all SCDs, where-
as 41% percent will be misclassified. Naturally, this has led to 
concern regarding whether our method of reviewing death certif-
icates would also overestimate the SD burden in Denmark. How-
ever, Danish death certificates (see appendix page 50) significant-
ly differ from US death certificates in that they contain a 
supplemental information field. In this large text field, we were 
able to collect valuable information regarding the circumstances 
surrounding the death. Notably, this information field is manda-
tory whenever an external examination has been performed.  
Our previous findings (1-35 years, 2000-2006) showed that exter-
nal examinations are performed in 84% of all SD cases and that a 
subsequent autopsy is carried out in 75% of the cases (21). Natu-
rally, we were concerned that that the percentage of external 
examinations performed would decrease with increasing age. In 
the 1-49 year age group (paper I), external examinations were 
performed in 76% of the cases occurring outside the hospital. This 
lower percentage of external examinations was, however, coun-
terbalanced by the availability of electronic discharge summaries 
from 2007-2009. These electronic records, which also included 
records from pre-hospital medical doctors, are a unique tool from 
which we could extract important information regarding the 
circumstances leading to death. Overall, we found that infor-
mation from external examinations and/or from discharge sum-
maries was available in 93% of all SD cases occurring out-of-
hospital. 

5.1.2 Identification of sudden cardiac deaths 
Whenever a sudden and unexpected death occurs, it must be 
established whether it was an SCD. SCD generally refers to an 
unexpected death from a cardiovascular cause in a person with or 
without a pre-existing disease (4). The definition has varied de-
pending on whether the event was witnessed, as suggested by 
The National Heart, Lung and Blood Institute, which previously 
suggested distinguishing between established and probable SCD 
(29). However, several studies have used the definition of the 
World Health Organizations (WHO), which suggests distinguishing 
between two time intervals depending on the witnessed status 
(witnessed cases: symptoms <1 h; unwitnessed cases: symptoms 
<24 h) (11–13,25). Regardless of the definition used, an SD case 
for which no autopsy has been performed could easily be mistak-
enly classified as an SCD. 

Conducting an autopsy is, without a doubt, the gold standard for 
establishing the correct cause of death (62,64). Autopsy rates are 
continuously decreasing in most countries, forcing cause of death 
statistics to rely heavily on the physician completing the death 
certificate (7,8,63). Importantly, several studies have shown that, 
after autopsy of a SD, the causes of death could be divided into 
the following two categories: 1) SCD; and 2) deaths caused by 
non-cardiac diseases (sudden non-cardiac deaths) 
(11,17,24,65,66). Overall, we found that 26% of all autopsied 
cases of SD were caused by non-cardiac diseases, emphasizing 
that studies with much lower autopsy rates might have overesti-
mated the true SCD burden (Papers I and II). 
Standardization of autopsy, with a thorough examination of all 
organs, is necessary. For instance, both histopathology and a 
toxicology screen should be performed. A review of the state of 
the art forensic autopsy was recently published (67); one key 
conclusion was that using dissection protocols, as well as tissue 
sample collection together with histopathology, toxicology and 
molecular biology, was closely linked to the quality of the autop-
sy. In Denmark, all forensic autopsies follow a thorough protocol 
in which every organ is examined, and toxicology screening is 
performed in all SUD cases in the young.  
However, an autopsy can also, in some cases, be more or less 
focused on certain organs. This is the case, for instance, when a 
hospital autopsy is performed. In such cases, the pathologist has 
the option to focus on the organs that he or she believes were the 
cause of death, based on a clinical evaluation. This approach 
creates the possibility that findings in the heart may be regarded 
as the cause of death, thereby missing the real cause of death if 
death was caused by something such as major cerebrovascular 
bleeding. Importantly, the toxicology screen is also rarely per-
formed following a hospital autopsy, likely to the very high costs 
and thereby possibly leading to misclassification of the cause of 
death. Although we had access to full autopsy reports as well as 
all medical records, the cause of death category was not always 
easy to interpret. In these cases, all material was reviewed again 
with a forensic pathologist to determine the cause of death. In 
selected cases, experts in cardiac pathology were asked to re-
evaluate the findings.  

5.1.3 Estimating the incidence rate of sudden cardiac death 
Several approaches have previously been used to estimate the 
“true” public health burden of SCD. Some studies have reported 
incidence rates for the general population in selected geographic 
areas (3,12,13,25), whereas others have been additionally re-
stricted to a subset of patients, such as athletes or military re-
cruits (65,68). To ensure that the deaths were truly SCDs, several 
studies have also further included only coroner cases 
(14,16,18,24,69). Finally, a few studies have included only out-of-
hospital cardiac arrest cases (3,70) or have relied solely on ICD-10 
codes from public health registries (71). Most recently, Stecker et 
al. sought to provide national estimates of SCD in the US, based 
on data from the Oregon Sudden Unexpected Death Study (5).  
As illustrated above, incidence rates vary greatly across studies 
due not only to the different populations and age groups investi-
gated but also to the different study designs used. Variations in 
geography, socioeconomic status, healthcare systems, and other 
factors also likely explain some of the variance in the reported 
incidence rates, further complicating comparisons between stud-
ies. 
We included all deaths occurring within Danish borders. SCD 
cases are therefore not selected from “specific” geographic areas 
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or from selected populations; thus, these cases more likely repre-
sent the general population. We chose to include both autopsied 
and non-autopsied cases. The incidence rates reported may 
therefore be regarded as the highest possible, as at least some 
non-autopsied SCD cases were likely caused by non-cardiac dis-
eases (66).  
The population at risk was established using information from 
Statistics Denmark (denominator); this database retrieves infor-
mation from the Danish Civil Registration System Registry, which 
allows for the tracking of births and deaths as well as of immigra-
tions in and out of Denmark. Overall, we believe that the current 
approach is a very solid way to identify both SCD cases (numera-
tor) and the number of individuals at risk (denominator), thereby 
allowing us to establish the “true” SCD incidence rate in the gen-
eral population.   

5.2 DISCUSSION OF RESULTS 

5.2.1 Sudden cardiac death before the age of 50 years 
5.2.1a Paper I 
As noted above, comparing SCD incidence rates between studies 
is difficult due to the use of different study designs and study 
populations. We found that the highest possible annual incidence 
rate was 8.6 per 100,000 person-years in individuals aged 1-49 
years. The rates were 2.3 per 100,000 person-years in persons 
aged 1-35 years and 21.7 per 100,000 person-years in persons 
aged 36-49 years. As expected, the incidence rate increased with 
increasing age, reaching 38.5 per 100,000 person-years in persons 
aged 48-49 years.  
We previously reported an SCD incidence rate of 2.8 per 100,000 
person-years in persons aged 1-35 years (2000-2006) (21). The 
lower incidence rate from 2007-2009 (2.3 vs. 2.8) could be a 
coincidence, or it could be explained by the fewer deaths includ-
ed in the shorter time period (3 years vs. 7 years). However, the 
possibility also exists that the lower incidence rate represented a 
general decline in SCD mortality from 2000 to 2009, possibly due 
to general healthcare improvements (72). Notably, the SCD inci-
dence rate of 2.3 in the 1-35-year age group remains higher than 
those previously reported by others (15,71,73).  
Whereas the incidence rate has been described in several studies 
for the 1-35-year age group, most other studies have had mean 
ages much higher than 50 years (12–14). That is, few studies have 
reported the incidence rates and causes of death in the 36-49-
years age group (69).  
In a sensitivity analysis, we showed that the incidence rate de-
creased significantly when only out-of-hospital SCDs were includ-
ed. This finding suggests that studies including only out-of-
hospital deaths, underestimate the true SCD incidence rate. Fur-
thermore, applying additional and more stringent criteria to the 
SCD definition (autopsy, histopathology, and toxicology) will 
lower the incidence rate. When only autopsied SCD cases in 
which both histopathology and toxicology examinations were 
performed were included, the SCD incidence rate decreased from 
8.6 to 2.4 per 100,000 person-years. This finding again highlights 
the many obstacles that exist in comparing incidence rates across 
different study designs. 
To report the highest possible incidence rate, we chose to also 
include non-autopsied SD cases in the SCD population. We cannot 
exclude the possibility that some non-autopsied SCD cases were 
in fact caused by non-cardiac diseases. In support of this, we 
showed that 26% of all autopsied SD cases were in fact caused by 
non-cardiac diseases (Papers I and II). However, non-autopsied 

SCD cases were more often known to have heart disease, suggest-
ing that the deaths were in fact SCD (see supplemental material, 
Paper I). We have also recently shown an increasing risk of a 
sudden non-cardiac death in patients with absence of cardiac 
diseases again suggesting that non-autopsied SCD cases were in 
fact SCDs (66).    
In the 1-35-year age group, the most common cause of SCD was 
SUD, whereas the most common cause of death in the 36-49-year 
age group was CAD. A recent suggestion was made to refer to 
SUD as Sudden Arrhythmic Death Syndrome (SADS) (6). These 
deaths are expected to be caused by primary arrhythmic syn-
dromes, such as Long QT Syndrome, Brugada Syndrome, or Cate-
choliminergic Polymorph Ventricular Tachycardia.  
As previously reported by our group (21), we confirmed that 
hypertrophic cardiomyopathy (HCM) was very rarely the cause of 
SCD in Denmark (n=3, <1%). Other studies have reported that 6-
13% of SCD cases were caused by HCM (18,24,65,73). However, 
these differences might have been due to different cause of 
death categories; upon including idiopathic fibrosis (n=8) and 
cardiac hypertrophy (n=34), we found an incidence of 10.3% 
(45/439), in agreement with previous findings (18,24,65,73). 

5.2.1b Paper II 
SCD in children aged 1-18 years, has been incompletely described 
in the literature. Often, these deaths are included as part of the 
young population (1-35 years), and incidence rates have been 
affected by referral and reporting biases (15–17,23,24). 
Knowledge of the incidence rates, causes of death and symptoms 
prior to death, is sparse in this very young age group. Using our 
previously identified SCD cases between 2000 and 2006 in Danes 
aged 1-35 years, we conducted a subgroup analysis of the 1-18-
year age group (21). 
We reported an SD incidence rate of 1.5 per 100,000 person-
years and an SCD incidence rate of 1.1 per 100,000 person-years. 
Other studies have reported incidence rates between 1.3 and 4.6 
per 100,000 person-years (42,74). Our results were, however, in 
agreement with the data from Oregon County, despite the use of 
a different age distribution (0-18 years) (25).  
Overall, an autopsy was not performed in 26 (23%) SD cases. This 
percentage may seem high, but most of these non-autopsied SD 
cases were known to have a severe cardiac disorder such as con-
genital heart diseases. Based on a presumed cause of death, we 
conclude that in Denmark, almost all SD cases in children that are 
potentially caused by an inherited cardiac disease are autopsied. 
Whereas CAD is the most common cardiac cause of death in the 
1-49-year age-group (Paper I), CAD is very rarely the cause of 
death in children. In children, only 2 deaths were caused by CAD, 
and we have previously shown that these deaths are caused by 
familial hypercholesterolemia in some cases (75). In agreement 
with others, we found that myocarditis was the most common 
cardiac cause of SCD in children (42). Myocarditis was three times 
more prevalent in children compared with the 19-35-year age 
group. Although this observation is purely speculative, myocardi-
tis seems to more often be clinically undiagnosed in the 1-18-year 
age group compared with the 19-35-year age group. However, 
myocarditis in children may also be more lethal.  
Similarly to the 1-35-year age group, SUD accounted for the vast 
majority of SCD in children (29% and 28%, respectively). As in 
young adults, these deaths are presumed to be caused by a pri-
mary cardiac arrhythmic event, which may result from a poten-
tially inherited cardiac disease. We combined the inherited dis-
eases to assess the potentially magnitude of inherited cardiac 
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diseases among SCD cases in children. In total, we found that 49% 
of all SCD cases in this age group could potentially be caused by 
an inherited cardiac disease. This result is in agreement with data 
from the Netherlands, showing that 50-60% of all SCD cases in 
children are caused by an inherited cardiac disease (76). These 
results highlight the importance of assessing cardiovascular dis-
ease in first-degree relatives of SCD victims (cascade screening) 
(6,77).  

To reduce the SCD burden in children, the extent to which screen-
ing high-risk patients with ECG is feasible has been investigated 
(27,28). As expected, the costs are extremely high, compared 
with the benefits. The gaps in evidence identified in a recent 
report from the National Institutes of Health should be filled prior 
to embarking on such a strategy (22).  
Of the 87 total SCD cases in children, 59% experienced symptoms 
prior to death: 45% experienced antecedent symptoms, and 26% 
experienced prodromal symptoms. Based on our results and 
those of prior studies, increased awareness of cardiac symptoms 
in children might be an alternative and beneficial approach to 
identify at-risk individuals. Notably, we did not look for these 
symptoms in a control population; however, we previously 
showed that cardiac symptoms were seemingly rare among 
young patients who died in traffic accidents (40). 
Based on our results, we recommend that a thorough examina-
tion be performed when children present with cardiac disease 
symptoms, including syncope, presyncope, unexplained seizures, 
chest/arm pain, palpitations, or dizziness. However, SCD in chil-
dren is a rare event and should be recognized. Nonetheless, clini-
cal examinations should, at minimum, include a physical examina-
tion, a resting 12-lead electrocardiogram (ECG), and a detailed 
questionnaire regarding the family history of cardiac disease/SCD 
in young (<50 years) family members. Based on the initial evalua-
tion, further diagnostic investigations may then be performed. 

5.2.2 Sudden cardiac death during sports 
5.2.2a Paper III 
The extent to which we should implement mandatory screening 
programs using ECGs for all young competitive athletes to avoid 
SrSCD is one of the hottest topics within sports cardiology. Data 
favoring such a strategy mainly came from a prospective, though 
initially retrospective, Italian study reporting that pre-
participation screening lowered the SrSCD incidence rate in young 
competitive athletes (38). This study showed that, following the 
implementation of these programs, the incidence rate of SrSCD 
decreased to a rate lower than that of SCD in the general popula-
tion. However, other studies have questioned these findings 
(31,32,34,39,78). The American Heart Association, in particular, 
has emphasized the huge economic burden that such a program 
would create. There are also several ethical dilemmas associated 
with such programs (33). Nevertheless, screening of all competi-
tive athletes is currently recommended by the European Society 
of Cardiology (37), and programs have been implemented at 
different levels but most extensively in Italy and Israel (31,38). 
Recently, the European Association of Cardiovascular Prevention 
and Rehabilitation also published a practical method for evaluat-
ing the middle-aged, non-competitive athletes (79).  
Based in part on our previous findings (39,60), the Danish Society 
of Cardiology has decided to continue not to follow the European 
Society of Cardiology recommendations, and mandatory pre-
participation screening programs have not been implemented in 
Denmark (80). That is, no formalized screening programs for 

athletes occurred during the study period, making the country 
suitable for investigating SrSCD in a pre-screening era. 
Previous studies of SrSCD have been limited to media searches or 
to smaller autopsy series in limited geographic areas or subpopu-
lations (34,38,68,78,81,82). Using Danish death certificates, we 
believe that we minimized the risk of missing SrSCD cases. To 
apply a method used by others, we also conducted a media 
search, in which we only identified 1 SrSCD case that was not 
identified by review of the death certificates. The death certifi-
cate in this particular case was never completed (page 2 was 
missing); thus, the death was missed in the initial review process. 
To ensure that none of the other 26 deaths with incomplete 
death certificates were SrSCD cases, all discharge summaries 
were investigated. Overall, we believe that very few, if any, SrSCD 
cases were missed. Notably, a media search in Denmark identified 
few SrSCD cases, compared with the review of death certificates.  
To establish the correct SrSCD/SCD incidence rates, the number 
of at-risk individuals (denominator) must be established. Estab-
lishing the number of individuals participating in sports on a 
competitive and/or non-competitive level has proved difficult. We 
used data collected through questionnaires administered by the 
Danish National Institute of Public Health (57). Although ap-
proaches such as this have previously been criticized (83), we 
believe that the current large-scale questionnaire and the na-
tionwide identification of SrSCD outweigh any disadvantages that 
smaller studies might have had in using selected populations from 
smaller geographic areas.  
Previous studies of SrSCD have mainly focused on young competi-
tive athletes aged 12-35 years (31,38,39,73,84), and the SrSCD 
incidence rate among non-competitive athletes is largely un-
known (85). Furthermore, SrSCD in competitive athletes aged 36-
49 years is also largely unknown. Hence, we believe that several 
important issues should be addressed prior to deciding whether 
these programs should be implemented.  

We report that the SrSCD incidence rate does not significantly 
differ between competitive and non-competitive athletes aged 
12-35 years (incidence rate ratio 1.1: 95% CI 0.2-5.1, p=0.88) and 
36-49 years (incidence rate ratio 2.2: 95% CI 0.9-5.1, p=0.06). The 
incidence rate increases with increasing age, but the risk of SrSCD 
in competitive athletes does not exceed that of non-competitive 
athletes. However, most importantly, we reported that SCD is 
much more common in the general population. This is in contrast 
to the Italian group, which claimed that the lower incidence rate 
among athletes in Italy is caused by the extensive use of screening 
(38). 
We only included SrSCD cases that occurred during or within one 
hour from sports activity; thus, deaths in athletes occurring dur-
ing sleep were missed. However, previous studies have suggested 
that 90% of SrSCD cases occur during activity, which minimizes 
this concern (73). Furthermore, potential SrSCD cases that were 
avoided by using automated external defibrillators were not 
included. The numbers of such cases among competitive and non-
competitive athletes are currently not available in Denmark. 
Overall, our results highlight that mandatory pre-participation 
screening programs of young competitive athletes are of limited 
value, at least in Denmark, and that these programs are ethically 
questionable if only available to selected individuals such as com-
petitive athletes. As the general population is at an even higher 
risk, one might argue that these programs should be available to 
all. However, because screening has unwanted side effects, nota-
bly false positive and false negative results, future debate should 
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account for the tremendous consequences of these programs. For 
example, programs could unnecessarily disqualify an athlete from 
sports. We report that several athletes experienced cardiac symp-
toms prior to death, and an increased awareness by coaches and 
athletes themselves may be an alternative approach to identify 
athletes at increased risk of SrSCD. 

5.2.3 Previous psychiatric disease and sudden cardiac death 
5.2.3a Paper IV 
SCD among patients with psychiatric disorders has gained consid-
erable attention over the last decade (49,86,87). Psychiatric pa-
tients are known to have a cardiovascular risk profile that places 
them at increased risk, compared with the general population 
(88,89). Even after controlling for these risk factors using Nordic 
registries, psychiatric patients have still shown an increased car-
diovascular risk (43,44,47,48,90). However, Nordic registries have 
not reported the SCD incidence rates, as described above.  
We believe that this study was the first to chart nationwide SCD 
incidence rates in patients with and without previous psychiatric 
disorders. We reported an SCD incidence rate ratio of 4.3 (95% CI 
interval 3.3-5.5, p<0.01) in patients with previous psychiatric 
diseases compared with patients without psychiatric diseases. 
The higher incidence rate was largely driven by schizophrenia-
spectrum and substance-related disorders. Most interestingly, 
SCD in patients with psychiatric disease was more likely to be 
caused by SUD, suggesting that these deaths were caused by a 
primary arrhythmic event. Because patients with psychiatric 
diseases often have substance-abuse disorders, this finding natu-
rally leads to concern that they were intoxicated. However, toxi-
cology screening is performed for all SUD cases among young 
individuals in Denmark. Importantly, all illegal drugs were found 
only in trace amounts, whereas prescribed drugs were found at 
therapeutic concentrations. That is, none of the SCD cases had 
toxicology profiles that led the forensic pathologist to conclude 
that these drugs were the cause of death. 
Several studies have shown that psychotropic drugs, including 
methadone, have the propensity to prolong the QTc interval, 
thereby increasing risk of Torsade de pointes ventricular tachy-
cardia (91). Many of these drugs have also been associated with 
an increased SCD risk, which has naturally led to increasing con-
cern regarding the safety of these drugs (49,50,86,91). Of course, 
some of these drugs, even in therapeutic concentrations or in 
combination with other drugs, might have triggered a malignant 
arrhythmia that then caused SUD.   
Although some of the drugs in question might seem to increase 
the SCD risk, withdrawal is impossible because the untreated 
psychiatric diseases themselves are associated with an increased 
suicide risk (92). Therefore, to reduce medically induced arrhyth-
mias, the focus has recently shifted toward how to follow patients 
treated with these drugs (51). The Danish Society of Cardiology 
has suggested ways in which to follow patients, including those 
starting treatment with drugs known to prolong the QTc interval, 
in clinical practice (80). These suggestions were recently pub-
lished in the European Heart Journal (87). Whether the increased 
focus on both polypharmacy and ECG deviations following chang-
es in treatment will lead to decreased mortality within the psy-
chiatric population remains unknown. 

5.3 HERITABILITY AND SUDDEN CARDIAC DEATH 

SCD before 50 years of age is generally expected to be caused by 
inherited cardiac diseases to some extent (77). In this thesis, we 

have shown that in both children and young adults, several SCD 
cases may have been caused by an inherited disease (Papers I and 
II). Naturally, conducting an autopsy after SD is essential to estab-
lish the correct cause of death post-mortem (66). Although we 
showed that autopsy rates are high in Denmark following SD in 
children (Paper II), we also showed that the rate significantly 
declines with increasing age (Paper I). This decline has been rec-
ognized by The Danish Society of Cardiology together with The 
Danish Pathology Society, The Society of Forensic Pathologist, and 
The Society of Medical Genetics, and the recommendation was 
that all SDs in Denmark before the age of 50 years are recom-
mend to be autopsied (80). 
Families of SD victims younger than 50 years whose deaths were 
attributed to a possibly inherited disease should be examined in 
an outpatient clinic for inherited cardiac diseases to determine 
whether they are also at risk (6,77). Without an autopsy, howev-
er, these clinical examinations and assessments are much more 
complicated as the death in question may have been caused by a 
non-cardiac, non-inherited disease. In fact, we showed that 26% 
of all SD cases in the young should not be followed in a clinic for 
inherited cardiac diseases as a means of searching for cardiac 
disease (Papers I and II). In other words, non-autopsied SD cases 
may lead to unnecessary examinations in specialized clinics and 
even worse, unnecessary concern in family members that they 
too may have an inherited cardiac disease. 
The proportion of SCD cases that remains unexplained following 
autopsy (SUD) are, as noted above, believed to be caused by 
inherited (primary) arrhythmic syndromes; these deaths are of 
particular interest. With access to dried blood spot samples from 
infants in Denmark, we are able to conduct retrospective genetic 
testing in selected cases (93). However, retaining material (5–10 
mL of whole blood in an EDTA tube, dried blood samples, or a 
frozen sample of heart, liver, or spleen) for genetic analysis is 
currently recommended, and the possibility of conducting molec-
ular autopsies has never been better. Usually, molecular autopsy 
would be targeted to examine the genes involved in the diseases 
in question (77). However, a comprehensive or targeted muta-
tional analysis of the ion channel genes most often involved in 
primary arrhythmogenic diseases (RYR2, KCNQ1, KCNH2, and 
SCN5A) could also be conducted (94).  
Approximately 20% of all cases of SUD are estimated to harbor 
mutations in one of the three major genes involved in the long QT 
syndrome (KCNQ1, KCNH2, and SCN5A) (94,95). However, more 
recent studies have suggested that, in non-referred populations, 
this rate might only be 9-11% (96,97). 
The heritability of primary arrhythmic syndromes, as well as of 
cardiomyopathies encountered in many of the SCD cases in this 
thesis, has been well established. However, SCD from any cause 
has also been associated with increased risk for several cardiovas-
cular diseases (98).  
CAD, the most important cardiovascular disease entity, also has a 
large genetic component, particularly in the young. Recently, the 
European Society of Cardiology has recommended that the famili-
al prevalence of atherosclerotic disease should be systematically 
identified in first-degree relatives of any patient affected before 
55 and 65 years of age in men and women, respectively (30). The 
current knowledge regarding SCD highlights the need for cascade 
screening of first-degree relatives for inherited cardiac diseases in 
out-patient clinics. 
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6. CONCLUSION  

In this thesis, we examined the SCD burden in Danes aged 1-49 
years in Denmark. In particular, we reported updated and valid 
incidence rates as well as causes of death. SCD occurs with an 
incidence rate of 8.6 per 100,000 person-years in persons aged 1-
49 years. The incidence rate increases with increasing age, and we 
reported incidence rates of 2.3 and 21.7 per 100,000 person-
years in persons aged 1-35 years and 36-49 years, respectively. 
SUD is significantly more predominant in the 1-35-year age group, 
whereas CAD is the most predominant cause of death in the 36-
49-year age group (Paper I). In a subgroup analysis of SCD in 
children (1-18 years), we found an SCD incidence rate of 1.1 per 
100,000 person years. Of all SD cases in children, 49% were 
caused by a potentially inherited cardiac disease. Almost all SD 
cases caused by a potentially inherited disease undergo autopsy. 
Interestingly, antecedent symptoms, prodromal symptoms, or 
both were noted in 59% of all SCD cases in children (Paper II).  
SrSCD is a rare occurrence in Denmark. The SrSCD incidence rate 
did not differ between competitive and non-competitive athletes, 
but the incidence rate did increase with increasing age, as ex-
pected. We showed that SCD remains significantly more common 
in the general population than among athletes. Hence, the results 
indeed call into question whether recommending mandatory 
screening programs that are only available to young competitive 
athletes is ethically acceptable. As several athletes experienced 
symptoms prior to death, increasing awareness may be an alter-
native approach (Paper III).  
SCD remains significantly more common among individuals with 
previous psychiatric disease than among individuals without 
psychiatric disease. The increased risk is largely driven by patients 
with schizophrenia-spectrum and substance-related disorders 
(Paper IV).  
Overall, the findings presented in this thesis suggest that SCD 
remains a significant public health issue. Several deaths may be 
due to inherited causes, highlighting the need for cascade screen-
ing of first-degree relatives. Although SCD occurs with a very high 
incidence rates in subgroups of patients, SrSCD seems to be a 
minor problem in Denmark. 
   
7. FUTURE PERSPECTIVES 

Although this thesis adds important knowledge to the existing 
literature, several issues remain to be addressed. The importance 
of an autopsy following SD cannot be overstated, and we should 
continue to address this problem in future public health debates.  
The two most predominant causes of SCD were SUD (1-35 years) 
and CAD (36-49 years). These causes of death should be investi-
gated further in future projects. SUD may either be due to an 
inherited condition or be caused by medications that prolong the 
QT interval. Therefore, a thorough description of the medication 
taken prior to death using the Danish Prescription Registry may 
further elucidate the magnitude of this problem. In patients with 
previous psychiatric disease, the magnitude of this problem is of 
considerable interest. 
Patients with CAD before 50 years should be screened for familial 
hypercholesterolemia, and the presence of premature CAD 
should also be assessed among family members. This investiga-
tion would elucidate the burden of familial hypercholesterolemia 
on SCD in Denmark. Nearly one-third of all SD cases are caused by 
non-cardiac diseases, and future studies should investigate these 
deaths further. Thorough descriptions of the diseases that cause 

these deaths are of particular interest. As long as autopsy rates 
are low, the identification of risk factors associated with SCD 
among SD cases remains of interest. This would help guide clini-
cians to decide whether family members of SD victims should be 
followed in a clinic for inherited cardiac diseases. 
The future screening strategies of athletes will likely continue to 
be debated as this issue is more or less a matter of opinion. To 
definitively define the role that screening should have, a prospec-
tive case-control study should be performed. This study should 
randomly assign every athlete to be screened or not. However, 
due to the very low SrSCD incidence rate, the number of individu-
als that would need to be included to see an effect would be 
tremendous. Hence, whether such a study will ever be conducted 
is questionable. 
Finally, with the availability of dried blood spot samples from 
infants in Denmark, we have a very unique opportunity to per-
form genetic testing of SCD cases in Denmark. 
 
8. English summary 

Sudden cardiac death (SCD) is a tragic event affecting millions of 
individuals worldwide. Although several studies have investigated 
the epidemiology of SCD, these studies may have been affected 
by reporting and referral biases, which are reflected in the very 
different incidence rates and causes of deaths that have previous-
ly been reported. Among SCD victims aged <36 years, inherited 
cardiac diseases are well known to play an important role. How-
ever, the extent to which inherited cardiac diseases also play a 
role in SCD victims aged <50 years has not been completely de-
scribed. Additionally, SCD in children is of particular interest. 
These deaths are often described as a part of the deaths of young 
adolescents up to 40 years of age, and the focus has recently 
shifted towards the prevention of these deaths. The SCD inci-
dence rate among patients with psychiatric disease has also 
gained significant attention. Finally, the incidence rate of sports-
related sudden cardiac death (SrSCD) has been thoroughly inves-
tigated in young competitive athletes. However, whether compet-
itive athletes are at increased risk for SrSCD compared with non-
competitive athletes remains unknown. These data should be 
available prior to discussing optimal screening strategies for 
(competitive) athletes. 
In this thesis, we investigated the SCD burden in Danes aged 1-49 
years between 2007 and 2009. By using the unique Danish death 
certificates, autopsy reports, discharge summaries, and registries, 
we included all deaths in a nationwide setting. We described the 
incidence rates and causes of death, and we performed a sub-
group analysis of SCD in children (1-18 years, 2000-2006). Fur-
thermore, we described the SCD burden in competitive and non-
competitive athletes and investigated how often SCD occurred in 
patients with previous psychiatric disease.  
SCD has an incidence rate of 8.6 (95% Confidence Interval (CI) 8.0-
9.2) per 100,000 person-years in persons aged 1-49 years. We 
found a steep increase in the incidence rate with increasing age, 
reaching 38.5 (95% CI 32.9-44.7) per 100,000 person-years in 
persons aged 48-49 years. The most common causes of death 
were coronary artery disease (CAD) (n=158) and sudden unex-
plained death (SUD) (n=136). In the 1-35-year age group, SUD was 
significantly more common than CAD. In contrast, CAD was signif-
icantly more common than SUD in the 36-49-year age group.  
In children 1-18 years of age, SCD is a seemingly rare occurrence 
with an incidence rate of only 1.1 (95% CI 0.9-1.3) deaths per 
100,000 person-years. Similarly to the 1-35-year age group, SUD is 
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often the cause of death in children. Overall, 49% of all SCDs in 
children are caused by a potentially inherited cardiac disease, 
emphasizing the need for autopsy as well as for follow-up and 
genetic testing of the affected family members. 
In Denmark, SrSCD is a very rare occurrence. The SrSCD incidence 
rate increases with increasing age but remains much lower than 
the SCD incidence rate in the general population. Importantly, we 
found no differences in the incidence rate between competitive 
and non-competitive athletes aged 12-35 years (incidence rate 
ratio 1.1; 95% CI 0.2-5.1, p=0.88) and 36-49 years (incidence rate 
ratio 2.2; 95% CI 0.9-5.1, p=0.06). These results add important 
knowledge to the ongoing debate regarding whether mandatory 
screening programs with electrocardiograms should be recom-
mended for young competitive athletes, as suggested by the 
European Society of Cardiology. The current results suggest that 
screening only competitive athletes would be ethically questiona-
ble because non-competitive athletes are at the same risk for 
SrSCD. 
Patients with psychiatric disease are known to have an increased 
cardiovascular risk. For the first time, we describe the nationwide 
SCD incidence rates of SCD as well as the causes of death in pa-
tients with previous psychiatric disease. We reported an SCD 
incidence rate ratio of 4.3 (95% CI 3.3-5.5, p<0.01) in patients 
with previous psychiatric disease compared with patients without 
psychiatric disease. The higher incidence rate is largely driven by 
schizophrenia-spectrum and substance-related disorders. Inter-
estingly, SUD is more common among patients with psychiatric 
diseases, suggesting that many of these deaths may are triggered 
by medications that caused a primary arrhythmic event. 
Future research should investigate the extent to which CAD 
among individuals younger than 50 years of age is caused by 
inherited cardiac conditions such as familial hypercholesterole-
mia. The extent to which medication use prior to death may 
contribute to SCD and SUD should also be evaluated. Finally, with 
the availability of dried blood spot samples from all infants in 
Denmark, future research should also investigate the genetic 
substrate of SCD and SUD. 
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