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ABSTRACT
Objective  Sudden cardiac death (SCD) is a leading 
cause of death and is more common among males than 
females. Epidemiological studies of sex differences in 
SCD cases of all ages are sparse. The aim of this study 
was to examine differences in incidence rates, clinical 
characteristics, comorbidities and autopsy findings 
between male and female SCD cases.
Methods  All deaths in Denmark in 2010 (54 028) were 
reviewed. Autopsy reports, death certificates, discharge 
summaries and nationwide health registries were 
reviewed to identify cases of SCD. Based on the available 
information, all deaths were subcategorised into definite, 
probable and possible SCD.
Results  A total of 6867 SCD cases were identified, of 
which 3859 (56%) were males and 3008 (44%) were 
females. Incidence rates increased with age and were 
higher for male population across all age groups in the 
adult population. Average age at time of SCD was 71 
years among males compared with 79 among females 
(p<0.01). The greatest difference in SCD incidence 
between males and females was found among the 
35–50 years group with an incidence rate ratio of 3.7 
(95% CI: 2.8 to 4.8). Compared with female SCD victims, 
male SCD victims more often had cardiovascular diseases 
and diabetes mellitus (p<0.01).
Conclusion  This is the first nationwide study of 
sex differences in SCD across all ages. Differences 
in incidence rates between males and females were 
greatest among young adults and the middle-aged. 
Incidence rates of SCD among older female population 
approached that of the male population, despite having 
significantly more cardiovascular disease and diabetes in 
male SCD cases.

INTRODUCTION
Sudden cardiac death (SCD) is a substantial public 
health problem and a major cause of death,1 2 
despite increased awareness and focus on preven-
tion throughout recent decades. The incidence 
of SCD among males (SCDm) is higher than the 
incidence of SCD among females (SCDf).1 3 The 
incidence of SCD in all age groups has most likely 
declined in recent years.4–6 Previous studies have 
shown that SCD in females often occurs at an older 
age compared with males.5 7 Additionally, both the 
causes and symptoms prior to SCD in females are 
more heterogenous.8 Furthermore, studies have 
shown that SCDf is more likely to occur in the 
absence of manifest coronary artery disease (CAD), 
and that females have a greater tendency to have 

unrecognised myocardial infarctions.7 9 10 In addi-
tion, prospective studies of SCD have reported 
differences in heart rhythm preceding death with 
females, more likely to present with asystole and 
pulseless electrical activity.10 Therefore, prediction 
and prevention of SCD is likely more challenging 
in the female population. Although SCDf is less 
common than SCDm, it is still a substantial cause of 
death among females,5 7 8 thus warranting further 
investigation.

There have been few studies examining the differ-
ences in incidence, underlying causes and clinical 
characteristics of SCD between the male and female 
sex across all age groups,8 10 11 and none of these 
has been nationwide. In regional studies, demo-
graphic variations may be a barrier to provide the 
true estimate of the burden of SCD in an unselected 
population. We have, in a recently published study, 
characterised and identified all cases of SCD in 
Denmark in 2010.2 For all cases of SCD in 2010, we 
have comprehensive health information, including 
information of cause of death, previous diseases 
and autopsy findings. For this study, we aimed to 
examine differences in the epidemiology of SCD 
among female and male cases focusing on the cause 
of death, comorbidities and clinical characteristics.

METHODS
Study design and population
This nationwide study includes all persons deceased 
in Denmark from 1 January 2010 to 31 December 
2010. Comprehensive information was retrieved 
from death certificates, autopsy reports and 
discharge summaries. All deaths were reviewed by 
one physician to exclude deaths that were obvi-
ously non-sudden and non-natural (eg, non-natural 
deaths and deaths in patients with terminal cancer). 
On any indication the death was sudden and unex-
pected (SD), the case was reviewed independently 
by two physicians to identify all SD cases. In cases 
where the two physicians disagreed, they re-evalu-
ated all available information to reach consensus. 
Subsequently, SD with an underlying cardiac cause 
(ie, SCD) were identified through a comprehensive 
review of autopsy records, the Danish National 
Patient Register and the National Causes of Death 
Registry.

Danish healthcare system
The Danish government provides tax-financed 
healthcare for all permanent residents. Residents of 
Denmark have a unique Civil Registration Number, 
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making interactions between patient and medical professionals 
traceable. Consequently, national registries of patients’ diag-
noses and treatment can be traced back to an individual through 
their Civil Registration Number.

Medical history can be retrieved from the Danish National 
Patient Register. This register contains information on all inpa-
tient and outpatient activities at Danish hospitals and emergency 
departments since 1977 (and outpatient contacts since 1994) 
using International Classification of Diseases (ICD), Eighth Revi-
sion for 1977–1994 and ICD, Tenth Revision (ICD-10) from 
1995 and onwards) diagnosis codes for each visit.12 Contacts 
with general practitioners and pharmacies are not included in 
this register.

Information on the cause of death can be obtained from the 
Danish Cause of Death Register, in which immediate, contribu-
tory and underlying causes of death are recorded using ICD-10 
codes.13

Death certificates and autopsy
Danish law requires that a death certificate must always be issued by a 
medical doctor, who based on the available information, determines 
the most likely cause of death. In the case of sudden and unexpected 
death, contacting the police is mandatory. The police decide if there 
should be performed a medicolegal external examination in cooper-
ation with a public health medical officer. The public health officer 
has access to first responder records, all medical records relating to 
the deceased, police reports including eyewitness statements and 
interviews with general practitioners and the body of the deceased. 
The information from these sources are included in the supplemen-
tary information field of the death certificate. Even in the absence of 
an external examination, information on circumstances of death is 
often included in the supplementary information field, which makes 
Danish death certificates a useful tool for identifying SD.3 14

A forensic autopsy is conducted in cases with an unknown or 
uncertain manner of death. If forensic autopsy is not conducted, 
physicians and/or relatives of the deceased can request a hospital 
autopsy, which is performed at local pathology departments.

Definitions
SD was defined as a sudden, natural, unexpected death. Cases of SD 
presumed to be of cardiac origin were classified as SCD and further 
subcategorised based on the criteria provided in table 1.2

Statistical methods
Statistical analysis was performed with the use of SAS Enterprise 
V.7.15 as well as R studio 1.2.5001. Population data for incidence 
calculations were retrieved via Statistics Denmark, using the popu-
lation on 1 January 2010 as reference. CIs for incidence rates were 
based on a normal distribution. Fisher’s exact test was used to 
compare categorical data and a Student’s t-test was used to compare 
continuous data. Sex differences were also evaluated using logistic 
regression, applying age as a covariate. A p value <0.05 was consid-
ered statistically significant.

Patient and public involvement
Patients and the public were not involved in any way in the study 
design, conduct, reporting, dissemination of results or evaluation of 
the study since all cases are deceased participants.

RESULTS
Study population
The population of Denmark on 1 January 2010 was 5.5 million 
(50.4% females). There was a total of 54 028 deaths. Of these, 

7627 (14.1%) were classified SDs. Of all deaths, 6867 (12.7%) 
deaths were SCD. All SCD cases were subdivided into definite 
(n=591), probable (n=1568) and possible (n=4708) SCD 
according to the definitions described in the ‘Methods’ section 
(figure 1). SCDm accounted for most cases (n=3859, 56.2%), 
and there were proportionally more SCDm cases in the definite 
and probable SCD groups (10.8% vs 5.9% and 25.1% vs 19.9%, 
respectively, p<0.01).

SCDm victims were significantly younger than SCDf victims 
with a mean age of 71.3±14.3 and 79.4±13.3 years (mean 
age±SD, p<0.01), respectively. Male victims were also signifi-
cantly younger on average than their female counterparts in each 
SCD subcategory. Male victims died at the hospital more often 
than female victims (22.8% vs 16.8%, p<0.01), while female 
victims more often died at home (80.5% vs 69.7%, p<0.01). 
In total, 458 SCD cases were autopsied, giving an overall 
autopsy rate of 6.7%, and more male victims were autopsied, 
with 329 SCDm cases (8.5%) and 129 SCDf cases (4.3%) autop-
sied (p<0.01). External examinations were performed on 916 
(23.7%) SCDm cases and 463 (15.4%) SCDf cases. After age 
adjustment, however, the difference between male and female 
victims in autopsy rates and rates of external examinations was 
insignificant (p=0.07 and p=0.62, respectively).

Comorbidities
When adjusting for age, male SCD cases had significantly more 
cardiovascular diagnoses in the 10 years prior to SCD (51.4% 
vs 50.7%, p<0.01). In addition, when examining the indi-
vidual cardiovascular diseases, significantly more male popu-
lation suffered from CAD (19.8% vs 12.5%, p<0.01), acute 
myocardial infarctions (13.3% vs 11.0%, p<0.01), congestive 
heart failure (13.5% vs 10.6%, p<0.01), cardiac arrhythmia 
(15.2% vs 15.4%, p<0.01) and peripheral artery disease (12.3% 
vs 10.0%, p<0.01) (table 2). Furthermore, more male patients 
were diagnosed with a ventricular arrhythmia prior to death 
(2.3% vs 0.9%, p<0.01). Finally, more male patients suffered 
from diabetes mellitus (11.1% vs 7.5%, p<0.01), kidney disease 

Table 1  Definitions of sudden death (SD) and sudden cardiac death 
(SCD)

Term
Definition

SD A sudden, natural and unexpected death.

 � Definite SD An SD with established time frame from change in 
cardiovascular status to death:

	► In witnessed cases: an acute change in cardiovascular 
status with time to death <1 hour;

	► In unwitnessed cases: the deceased seen alive and 
functioning normally <24 hours before being found dead.

 � Probable SD Death in a person without fully established time frame from 
change in cardiovascular status to death with cause of death 
likely to be SD in an otherwise healthy person free of any 
chronic and/or severe diseases expected to lead to a non-SD.

SCD

 � Definite SCD Autopsied definite SD of unknown or cardiac cause.
OR
SD with documented ventricular arrhythmia immediately 
preceding death.

 � Probable SCD Non-autopsied definite SD presumed to be of cardiac origin 
after review of all available information.

 � Possible SCD Non-autopsied probable SD presumed to be of cardiac origin 
after review of all available information.
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(5.1% vs 3.5%, p<0.01) and cancer (10.8% vs 9.6%, p<0.01), 
while more female patients suffered from cerebrovascular disease 
(15.1% vs 14.4%, p=0.03) and connective tissue disease (4.6% 
vs 1.7%, p<0.01).

Incidence of SCDm and SCDf
For both male and female cases, incidence rates of SCD increased 
with age, across all SCD categories (figure 2 and online supple-
mental figure 5). Incidence rates of SCD were higher for male 
cases in all age groups, with exception of the 10–19 years group 
where there was no difference between male and female cases 
(table  2). The sex differences in incidence rates were most 
pronounced in the middle-aged population. Incidence rate ratios 
(IRR) of SCD comparing male and female cases are shown in 
table 3.

Causes of SCDm and SCDf
Ischaemic heart disease was the leading cause of death among 
male and female population according to the Danish Cause of 
Death Register accounting for 40.1% and 40.5% of deaths, 
respectively (figure 3). A large proportion of male and female 
SCD cases were categorised as unknown cause of death (24.1% 
and 24.1%) (figure 3).

Among the autopsied population, CAD was the most common 
cause of death in both sexes, contributing to 60.2% of all SCDm 
and 47.3% of SCDf (figure 4). Other structural heart diseases, 
such as dilated cardiomyopathy, arrhythmogenic right ventric-
ular cardiomyopathy, hypertrophy, fibrosis and myocarditis, 
constituted a greater proportion of SCD among female sex in all 
age groups compared with male sex (figure 4).

DISCUSSION
In this nationwide study of SCDm and SCDf of all ages in 2010, 
we found that the incidence rates of SCDm were higher in all 
adult age groups and that male victims were on average, >8 
years younger at time of SCD than their female counterparts. 
The lowest SCD incidence in this study was observed among 
male (0.56 per 100 000 person-years) and female population 
(0.59 per 100 000 person-years) aged between 10 and 19 years. 
Sudden infant death syndrome and congenital heart disease is 
the driver of the higher incidence in the 0–9 years group, which 
coincides with findings from previous studies.15 Previous studies 
have suggested that SD among female victims lags about 10–20 
years behind that of the male victims.5 7 11 16 The age disparity 
between male and female population is also illustrated in our 
incidence data, with the incidence rate of SCD in middle-aged 
to older male patients corresponding to the incidence of SCD 
in female patients aged 10 years older (figure  2 and table  2). 
The lower cardiovascular mortality among young and middle-
aged female patients has been described by the protective 
effects of oestrogen on both vascular tonus and development of 
atherosclerosis before menopause.17 It follows that the dimin-
ishing protective effect of oestrogen in postmenopausal female 
patients could explain why SCD incidence rates among female 
patients increase later in life compared with their male counter-
parts (tables 2 and 4). In addition, inherited arrhythmias such 
as Brugada syndrome and long QT syndrome both display sex 
differences in the occurrence of arrhythmic events and SCD.18 19 
Brugada syndrome causes arrhythmic events such as SCD more 
frequently in males, the opposite is true for long QT syndrome 
where females are at higher risk of fatal arrhythmias. In conclu-
sion, hormonal and genetic factors, among others, are thought 

Figure 1  Flow chart of population. SCD, sudden cardiac death.
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to contribute to differing incidence rates of SCD among male 
and female patients.1

As cases of SCD of all ages were included in this study, the 
available data regarding the circumstances surrounding death 

were less detailed compared with previous studies of young SCD 
victims.3 Consequently, it was necessary to divide the SCD popu-
lation into the subcategories: definite, probable and possible. All 
three SCD subcategories showed similar patterns of incidence 

Table 2  Clinical characteristics of all sudden cardiac death (SCD) cases in 2010 according to sex

Cases of SCD in 2010 Total n=6867 Female SCD cases n=3008 Male SCD cases n=3859 P value P value (age-adjusted*)

Average age, years (SD) 74.8 (14.5) 79.4 (13.3) 71.3 (14.3) <0.01 –

Place of death† n=5443 n=2297 n=3146

Hospital 1102 (20.2) 385 (16.8) 717 (22.8)

Home 4043 (74.3) 1849 (80.5) 2194 (69.7) <0.01 –

Other 298 (5.5) 63 (2.7) 235 (7.5)

External examination performed 1379 (20.1) 463 (15.4) 916 (23.7) <0.01 0.62

Autopsy performed 458 (6.7) 129 (4.3) 329 (8.5) <0.01 0.07

Forensic autopsy 243 (3.5) 60 (2.0) 183 (4.7) <0.01 0.07

Hospital autopsy 215 (3.1) 69 (2.3) 146 (3.8) <0.01 0.11

Comorbidities

 � Cardiovascular diagnosis 3508 (51.1) 1524 (50.7) 1984 (51.4) 0.54 <0.01

 � Coronary artery disease 1142 (16.6) 376 (12.5) 766 (19.8) <0.01 <0.01

 � Acute myocardial infarction 846 (12.3) 331 (11.0) 515 (13.3) <0.01 <0.01

 � Arrhythmia 1050 (15.3) 463 (15.4) 587 (15.2) 0.84 <0.01

 � Atrial arrhythmia 950 (13.8) 441 (14.7) 509 (13.2) 0.08 0.06

 � Ventricular arrhythmia 114 (1.7) 26 (0.9) 88 (2.3) <0.01 <0.01

 � Other arrhythmia 42 (0.6) 10 (0.3) 32 (0.8) 0.01 <0.01

 � Congestive heart failure 839 (12.2) 318 (10.6) 521 (13.5) <0.01 <0.01

 � Peripheral arterial disease 776 (11.3) 300 (10.0) 476 (12.3) <0.01 <0.01

 � Diabetes mellitus 657 (9.6) 227 (7.5) 430 (11.1) <0.01 <0.01

 � Cerebrovascular disease 1009 (14.7) 454 (15.1) 555 (14.4) 0.41 0.03

 � Neurological disease 1023 (14.9) 413 (13.7) 610 (15.8) 0.02 0.50

 � Psychiatric illness 757 (11.0) 332 (11.0) 425 (11.0) 0.98 0.06

 � Chronic obstructive pulmonary disease 701 (10.2) 325 (10.8) 376 (9.7) 0.15 0.07

 � Kidney disease 304 (4.4) 106 (3.5) 198 (5.1) <0.01 <0.01

 � Connective tissue disease 206 (3.0) 139 (4.6) 67 (1.7) <0.01 <0.01

 � Cancers 704 (10.3) 288 (9.6) 416 (10.8) 0.10 <0.01

All values in the table are counts with percentages in parenthesis, unless stated otherwise.
*Age-adjusted p values calculated by logistic regression.
†Information on place of death not available for all cases.

Figure 2  Incidence rates according to sex and age group. SCD, sudden cardiac death.
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differences between male and female patients (online supple-
mental figure 5). An inherent limitation to the possible SCD 
group was that the time from change in cardiovascular status 
to death was not fully established. This may have led to misclas-
sification of deaths that were in fact, non-sudden. In contrast, 
all victims found  >24 hours after death were all classified as 
non-sudden, although some of cases almost certainly had a cause 
of death suggestive of SCD (ie, aortic dissection, myocardial 
infarction). Studies of SCD examining solely autopsied cohorts, 
where cause of death is certain, do not give precise estimates on 
the burden of SCD in the general population, as autopsy rates 
decrease with increasing age and comorbidity.20 Therefore, it 
was paramount for this study to be able to compare unbiased and 
unselected SCD cases in order to provide a precise estimate of 
the burden of SCDm and SCDf in a nationwide setting, as well as 
uncovering sex differences in autopsy rates, age and comorbidity.

An interesting finding in this population is the distribution of 
male and female cases. Among all the cases of SCD, 56.2% were 
males and 43.8% were females. In contrast, previous studies 
have found a substantially higher proportion of male cases,10 21 
suggesting that the sex gap in SCD is narrowing. A possible expla-
nation to diminishing differences in rates of SCD between the 
sexes is greater decreases in cardiovascular mortality among 
males compared with females.1 10 In addition, our study finds 
that despite male victims dying on average 8 years before female 
victims, they had significantly more cardiovascular diagnoses 
after adjusting for age. In a previous study among the young 
Danish population, comorbidity was evenly distributed between 
male and female patients.4 The higher percentage of comorbidity 
among the SCDm population despite them being significantly 
younger, raises the question of whether SCD is more common 
among previously healthy females or if cardiovascular disease is 
underdiagnosed among females?

In the 10 years prior to death, 19.8% of males were diagnosed 
with CAD, in contrast to females where only 12.5% had such 
a diagnosis. Under-recognition of CAD among female patients, 
despite CAD being the leading cause of SCD, may be explained 

by multiple factors. First, physicians may take a less aggressive 
approach in managing CAD among female patients.22 Second, 
assessment of traditional risk factors are known to underestimate 
risk of CAD in females, and assessment of symptoms of CAD is 
often based on knowledge derived from male population, which 
is not necessarily transferable to female population.23 Finally, 
microvascular CAD, as opposed to epicardial CAD, is more 
common among female further complicating the diagnosis.24

Our study also showed that female patients were less thor-
oughly examined post mortem. After adjustment for age, however, 
the differences were no longer significant. Nevertheless, fewer 
females were externally examined and autopsied in this study, 
which could suggest under-reporting of SCDf . Furthermore, 
a recent study showed that female patients had lower chance 
of resuscitation after out-of-hospital cardiac arrest.25 These 
findings combined underline the need for increased focus pre 
mortem and post mortem on cardiac arrest in female patients.

The overall autopsy rate among SCD cases in this study was 
7% with autopsy rates declining with increasing age. If age is the 
most important determinant of who is autopsied, this might be a 
structural barrier in furthering our knowledge of the underlying 
causes of SCDf. Despite the relatively low autopsy rates in our 
SCD population, our findings are comparable to the Fingesture 
study of 5869 autopsied SCDs in Finland. Both studies find non-
ischaemic causes of death to be more common among female 
patients, while an ischaemic causes of death was more common 
among male patients.11 Identification of cause of death in non-
autopsied SCD was based on information from death certifi-
cates and nationwide health registries. Although Danish death 
certificates are highly suitable for identification of sudden and 
unexpected death, we know from previous studies that death 
certificate information on cause of death is often inaccurate.26 
It follows that our estimates of cause of death in non-autopsied 
SCD carry large uncertainties. Furthermore, previous studies 

Table 3  Sudden cardiac death (SCD) incidence rates and incidence rate ratios (IRR) for selected age groups

Age group (years)

Incidence of SCD/100 000 person-years

IRR 95% CI for IRR P valueTotal Female SCD cases Male SCD cases

<35 2.90 2.00 3.77 1.89 1.14 to 3.12 0.01

35–50 27.29 11.61 42.62 3.67 2.8 to 4.8 <0.01

>50 325.21 278.60 376.92 1.35 1.3 to 1.4 <0.01

Figure 3  Causes of death in all cases of SCD according to sex. CAD, 
coronary artery disease; SCD, sudden cardiac death.

Figure 4  Causes of death in autopsied SCD cases according to sex. 
ARVC, arrhythmogenic right ventricle cardiomyopathy; CAD, coronary 
artery disease; DCM, dilated cardiomyopathy; SADS, sudden arrthythmic 
death syndrome; SCD, sudden cardiac death; SIDS, sudden infant ddeath 
syndrome.
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on causes of SCD have predominantly included autopsied cases 
making comparison with our results difficult.27 In general, 
with declining autopsy rates we lack information on changes in 
patterns of overall cause of death and causes of SCD.

Studying the differences in the epidemiology of SCDm and 
SCDf raises the question of whether the underlying mechanism 
of SCD differs between the two sexes. In an American retrospec-
tive analysis of mortality after sudden cardiac arrest, left ventric-
ular ejection fraction <40% and CAD were the most powerful 
predictors of mortality among male and female patients, respec-
tively.9 Multiple studies have found sudden cardiac arrest and 
SCD more common in females without prior CAD or left 
ventricle dysfunction,7 10 28 underlining the need for further 
research into sex-specific cardiac pathophysiology among 
females. In addition, gender differences in cultural, psychoso-
cial, behavioural and socioeconomic factors also affect the risk 
of SCD among male and female population.29 Further research 
is needed to illuminate how both sex-specific and gender-specific 
risk factors of cardiovascular disease affect the risk of SCD.

Prevention
There have been major advances in the prevention of SCD in 
persons with known cardiac disease and high risk of SCD.1 
In line with previous findings, approximately half of the male 
and female SCD population did not have a cardiovascular 
diagnosis preceding SCD.1 8 16 30 Current risk models have not 
been successful in discriminating between SCD and all-cause 
mortality.30 Understanding the sex differences in the epidemi-
ology of SCD is crucial to ensure future risk models are equally 
successful in predicting the risk of SCD in both sexes. Less 
comorbidity and lower autopsy rates among the female popu-
lation underline the importance of further premortem and post-
mortem research of cardiac arrest in female SCD cases.

Limitations
The primary limitation of this study was its retrospective design. 
A prospective study would allow a more standardised data collec-
tion. Furthermore, retrospective studies tend to overestimate the 
burden of SCD.26 Some cases of SCD included in this study were 
possibly non-sudden but misclassified due to inadequate infor-
mation in the death certificate. Conversely, some SCD victims 
were also likely missed due to them being found >24 hours after 
death. In addition, data were obtained in a single calendar year, 
2010, and it was not possible to report on changes in SCD inci-
dence and causes in recent years.

CONCLUSIONS
In this nationwide study of all SCD in persons of all ages in 
Denmark in 2010, male population had a higher incidence rate 
of SCD in all adult age groups. Differences in incidence rates of 
SCD between male and female cases were greatest among young 
adults and the middle-aged. Female SCD cases were less often 
diagnosed with cardiovascular disease prior to death, which 
could complicate SCD prevention.
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Table 4  Sex-specific and age-specific sudden cardiac death incidence rates per 100 000 person-years

Age group (years)

Female SCD cases Male SCD cases

Incidence/100 000 person-years 95% CI Incidence/100 000 person-years 95% CI

0–9 2.19 1.04 to 4.59 3.57 2.03 to 6.29

10–19 0.59 0.15 to 2.46 0.56 0.14 to 2.24

20–29 2.22 1.09 to 4.60 6.20 4.00 to 9.62

30–39 2.98 1.65 to 5.38 11.29 9.35 to 15.28

40–49 14.69 11.38 to 18.97 48.92 42.62 to 56.16

50–59 45.18 38.72 to 52.73 131.30 119.95 to 143.72

60–69 102.35 92.14 to 113.68 254.91 238.29 to 272.69

70–79 318.84 295.23 to 344.44 588.00 552.95 to 625.28

80–89 936.45 883.11 to 993.01 1361.52 1278.69 to 1449.72

90+ 2355.30 2180.62 to 2543.96 2994.86 2660.44 to 3371.33

Key messages

What is already known on this subject?
	⇒ Sudden cardiac death (SCD) is a leading cause of death and 
accounts for a large proportion of all deaths globally.

	⇒ Despite SCD incidence rates being higher for male population 
of all age groups, it is still a leading cause of death in both 
male and female population.

What might this study add?
	⇒ This is the largest nationwide study of sex differences in SCD 
among all age groups.

	⇒ Differences in SCD incidence rates were greatest in the young 
and middle-aged population.

	⇒ The female SCD cases were on average >8 years older than 
the male SCD cases.

	⇒ Even though the female patients were older at the time of 
SCD, they had less cardiovascular diagnoses in the 10 years 
prior to SCD.

How might this impact on clinical practice?
	⇒ SCD is an important contributor to overall mortality in the 
general population, also among persons without known 
cardiovascular disease.

	⇒ Future research on this topic should be focused on early 
identification of persons at risk of SCD.

	⇒ Understanding how male and female population differ in 
regard to SCD is important to ensure that future preventive 
strategies are equally effective for both sexes.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

at D
ep

artm
en

t G
E

Z
-L

T
A

 E
rasm

u
sh

o
g

esch
o

o
l

 
o

n
 M

ay 23, 2025
 

h
ttp

://h
eart.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

11 M
arch

 2022. 
10.1136/h

eartjn
l-2021-320300 o

n
 

H
eart: first p

u
b

lish
ed

 as 

https://twitter.com/TobiasSkjelbred
http://heart.bmj.com/


1018 Skjelbred T, et al. Heart 2022;108:1012–1018. doi:10.1136/heartjnl-2021-320300

Arrhythmias and sudden death

the data and prepared the manuscript for submission. TS acted as gaurantor of 
this manuscript. All authors have approved the final draft of the manuscript before 
submission.

Funding  This work was supported by Novo Nordisk Foundation, Copenhagen, 
Denmark (NNFOC140011573 and NNF18OC0031634).

Competing interests  None declared.

Patient consent for publication  Not applicable.

Ethics approval  This study complies with the Declaration of Helsinki and was 
approved by the Danish Data Protection Agency (2015-41-4510) and the Danish 
Patient Safety Authority (3-3013-2262/1). Patient consent was not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Tobias Skjelbred http://orcid.org/0000-0002-7767-7699
Deepthi Rajan http://orcid.org/0000-0003-4534-1100
Jacob Tfelt-Hansen http://orcid.org/0000-0003-3895-9316

REFERENCES
	 1	 Deo R, Albert CM, Rajat D. Epidemiology and genetics of sudden cardiac death. 

Circulation 2012;125:620–37.
	 2	 Lynge TH, Risgaard B, Banner J, et al. Nationwide burden of sudden cardiac death: a 

study of 54,028 deaths in Denmark. Heart Rhythm 2021;18:1657–65.
	 3	 Risgaard B, Winkel BG, Jabbari R, et al. Burden of sudden cardiac death in persons 

aged 1 to 49 years: nationwide study in Denmark. Circ Arrhythm Electrophysiol 
2014;7:205–11.

	 4	 Lynge TH, Nielsen JL, Blanche P, et al. Decline in incidence of sudden cardiac death 
in the young: a 10-year nationwide study of 8756 deaths in Denmark. EP Eur 
2019;21:909–17.

	 5	 Niemeijer MN, van den Berg ME, Leening MJG, et al. Declining incidence of sudden 
cardiac death from 1990-2010 in a general middle-aged and elderly population: the 
Rotterdam study. Heart Rhythm 2015;12:123–9.

	 6	 Feng J-L, Nedkoff L, Knuiman M, et al. Temporal trends in sudden cardiac death from 
1997 to 2010: a data linkage study. Heart Lung Circ 2017;26:808–16.

	 7	 Kannel WB, Wilson PW, D’Agostino RB, et al. Sudden coronary death in women. Am 
Heart J 1998;136:205–12.

	 8	 Albert CM, Chae CU, Grodstein F, et al. Prospective study of sudden cardiac death 
among women in the United States. Circulation 2003;107:2096–101.

	 9	 Albert CM, McGovern BA, Newell JB, et al. Sex differences in cardiac arrest survivors. 
Circulation 1996;93:1170–6.

	10	 Chugh SS, Uy-Evanado A, Teodorescu C, et al. Women have a lower prevalence 
of structural heart disease as a precursor to sudden cardiac arrest: the Ore-SUDS 
(Oregon sudden unexpected death study). J Am Coll Cardiol 2009;54:2006–11.

	11	 Haukilahti MAE, Holmström L, Vähätalo J, et al. Sudden cardiac death in women. 
Circulation 2019;139:1012–21.

	12	 Schmidt M, Schmidt SAJ, Sandegaard JL, et al. The Danish national patient 
registry: a review of content, data quality, and research potential. Clin Epidemiol 
2015;7:449–90.

	13	 Helweg-Larsen K. The Danish register of causes of death. Scand J Public Health 
2011;39:26–9.

	14	 Winkel BG, Holst AG, Theilade J, et al. Nationwide study of sudden cardiac death in 
persons aged 1-35 years. Eur Heart J 2011;32:983–90.

	15	 Winkel BG, Risgaard B, Bjune T, et al. Gender differences in sudden cardiac death in 
the young-a nationwide study. BMC Cardiovasc Disord 2017;17:19.

	16	 Ågesen FN, Lynge TH, Blanche P, et al. Temporal trends and sex differences in sudden 
cardiac death in the Copenhagen City heart study. Heart 2021;107:1303–9.

	17	 Mendelsohn ME, Karas RH. The protective effects of estrogen on the cardiovascular 
system. N Engl J Med 1999;340:1801–11.

	18	 Milman A, Gourraud J-B, Andorin A, et al. Gender differences in patients with Brugada 
syndrome and arrhythmic events: data from a survey on arrhythmic events in 678 
patients. Heart Rhythm 2018;15:1457–65.

	19	 Goldenberg I, Moss AJ. Long QT syndrome. J Am Coll Cardiol 2008;51:2291–300.
	20	 Larsen ST, Lynnerup N. Medico-legal autopsies in Denmark. Dan Med Bull 

2011;58:A4247.
	21	 Fox CS, Evans JC, Larson MG, Fox Caroline S, Larson Martin G, et al. Temporal trends 

in coronary heart disease mortality and sudden cardiac death from 1950 to 1999: the 
Framingham heart study. Circulation 2004;110:522–7.

	22	 Steingart RM, Packer M, Hamm P, et al. Sex differences in the management of 
coronary artery disease. N Engl J Med Overseas Ed 1991;325:226–30.

	23	 Shaw LJ, Bairey Merz CN, Pepine CJ, et al. Insights from the NHLBI-sponsored 
women’s ischemia syndrome evaluation (wise) study: Part I: gender differences 
in traditional and novel risk factors, symptom evaluation, and gender-optimized 
diagnostic strategies. J Am Coll Cardiol 2006;47:S4–20.

	24	 Bairey Merz CN, Shaw LJ, Reis SE, et al. Insights from the NHLBI-sponsored 
women’s ischemia syndrome evaluation (wise) study: Part II: gender differences in 
presentation, diagnosis, and outcome with regard to gender-based pathophysiology 
of atherosclerosis and macrovascular and microvascular coronary disease. J Am Coll 
Cardiol 2006;47:S21–9.

	25	 Blom MT, Oving I, Berdowski J, et al. Women have lower chances than men to be 
resuscitated and survive out-of-hospital cardiac arrest. Eur Heart J 2019;40:3824–34.

	26	 Chugh SS, Jui J, Gunson K, et al. Current burden of sudden cardiac death: multiple 
source surveillance versus retrospective death certificate-based review in a large U.S. 
community. J Am Coll Cardiol 2004;44:1268–75.

	27	 Hayashi M, Shimizu W, Albert CM. The spectrum of epidemiology underlying sudden 
cardiac death. Circ Res 2015;116:1887–906.

	28	 Reinier K, Stecker EC, Uy-Evanado A, et al. Sudden cardiac death as first manifestation 
of heart disease in women: the Oregon sudden unexpected death study, 2004-2016. 
Circulation 2020;141:606–8.

	29	 Bairey Merz CN, Ramineni T, Leong D. Sex-specific risk factors for cardiovascular 
disease in women-making cardiovascular disease real. Curr Opin Cardiol 
2018;33:500–5.

	30	 Deo R, Norby FL, Katz R, et al. Development and validation of a sudden cardiac death 
prediction model for the general population. Circulation 2016;134:806–16.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

at D
ep

artm
en

t G
E

Z
-L

T
A

 E
rasm

u
sh

o
g

esch
o

o
l

 
o

n
 M

ay 23, 2025
 

h
ttp

://h
eart.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

11 M
arch

 2022. 
10.1136/h

eartjn
l-2021-320300 o

n
 

H
eart: first p

u
b

lish
ed

 as 

http://orcid.org/0000-0002-7767-7699
http://orcid.org/0000-0003-4534-1100
http://orcid.org/0000-0003-3895-9316
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.023838
http://dx.doi.org/10.1016/j.hrthm.2021.05.005
http://dx.doi.org/10.1161/CIRCEP.113.001421
http://dx.doi.org/10.1093/europace/euz022
http://dx.doi.org/10.1016/j.hrthm.2014.09.054
http://dx.doi.org/10.1016/j.hlc.2016.11.021
http://dx.doi.org/10.1053/hj.1998.v136.90226
http://dx.doi.org/10.1053/hj.1998.v136.90226
http://dx.doi.org/10.1161/01.CIR.0000065223.21530.11
http://dx.doi.org/10.1161/01.CIR.93.6.1170
http://dx.doi.org/10.1016/j.jacc.2009.07.038
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.037702
http://dx.doi.org/10.2147/CLEP.S91125
http://dx.doi.org/10.1177/1403494811399958
http://dx.doi.org/10.1093/eurheartj/ehq428
http://dx.doi.org/10.1186/s12872-016-0446-5
http://dx.doi.org/10.1136/heartjnl-2020-318881
http://dx.doi.org/10.1056/NEJM199906103402306
http://dx.doi.org/10.1016/j.hrthm.2018.06.019
http://dx.doi.org/10.1016/j.jacc.2008.02.068
http://www.ncbi.nlm.nih.gov/pubmed/21371404
http://dx.doi.org/10.1161/01.CIR.0000136993.34344.41
http://dx.doi.org/10.1056/NEJM199107253250402
http://dx.doi.org/10.1016/j.jacc.2005.01.072
http://dx.doi.org/10.1016/j.jacc.2004.12.084
http://dx.doi.org/10.1016/j.jacc.2004.12.084
http://dx.doi.org/10.1093/eurheartj/ehz297
http://dx.doi.org/10.1016/j.jacc.2004.06.029
http://dx.doi.org/10.1161/CIRCRESAHA.116.304521
http://dx.doi.org/10.1161/CIRCULATIONAHA.119.044169
http://dx.doi.org/10.1097/HCO.0000000000000543
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.023042
http://heart.bmj.com/

	Sex differences in sudden cardiac death in a nationwide study of 54 028 deaths
	Abstract
	Introduction
	Methods
	Study design and population
	Danish healthcare system
	Death certificates and autopsy
	Definitions
	Statistical methods
	Patient and public involvement

	Results
	Study population
	Comorbidities
	Incidence of SCDm and SCDf
	Causes of SCDm and SCDf

	Discussion
	Prevention
	Limitations

	Conclusions
	References


