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Abstract

Aims: Although the prevention and treatment of cardiovascular conditions have significantly improved over the past decade, whether they have reduced

the incidence of sudden cardiac death (SCD) is not known. We sought to evaluate the temporal trends of SCD in a large unselected population.

Methods: We conducted a population-based cohort study using multiple linked longitudinal data in Ontario Canada. We included patients aged

35–74 years who had SCD from April 1st 2003 to March 31st 2014. SCD was defined as those who died of cardiac causes outside of the hospital or the

emergency department, and had no recent hospitalization, no serious illness, and who were not residing in long-term care facilities.

Results: We identified 36,334 patients who fulfilled criteria for SCD. The overall age and sex-standardized rate of SCD declined from 57.9/100,000 in

fiscal year 2003 to 42.4/100,000 in 2013. Men and women had similar declining trends in SCD incidence. Larger reductions were seen among the older

age groups. Patients who had prior heart failure experienced the largest decline in SCD incidence from 829/100,000 to 533/100,000 from 2003 to 2013.

Patients who had prior myocardial infarction also had significant reduction from 484/100,000 to 381/100,000. In contrast, individuals with cardiac risk

factors without disease had much smaller declines in SCD incidence.

Conclusions: Although significant progress to reduce SCD among patients with cardiac conditions was made in the past decade, additional effort

should focus on the prevention of SCD in individuals without heart disease.
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Introduction

Despite substantial improvement in the prevention of cardiac disease
andtreatment of patients with established cardiovascular disease over
the past decades, sudden cardiac death (SCD) remains one of the
most common causes of death in developed countries.1–3 Some
estimates suggest that 4–5 million patients suffer SCD each year
worldwide.4 SCD is classically defined as the cessation of cardiac

function leading to unexpected death within an hour of symptom
onset.5 Due to the difficulty in adopting an operational definition that
can be easily applied to the general population, little is known
regarding the recent epidemiology of SCD.

Population-based studies using modified SCD definitions from the
Netherlands and Australia have shown a significant decline in SCD
incidence from the 1990s to 2010.6,7 In contrast, a study from Japan
showed that incidence of SCD decreased from 1981 to 1995 but was
unchanged from 1996 to 2005.8 Studies from North America have
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focused mainly on patients with out-of-hospital cardiac arrest (OHCA)
because data are more readily obtainable by emergency medical
services.9–11 Surprisingly, the incidence of OHCA has not significantly
changed in the past 5 years.12,13 Other countries have also noted a
stable incidence of cardiac arrest patients in the population.3 Whether
there is an offsetting effect of improved cardiovascular treatment and
increasing epidemic of obesity, diabetes, and hypertension is
uncertain.14–19

Insight into the recent epidemiology of SCD could provide valuable
public health data into gaps in knowledge and enable focus on deriving
strategies to prevent these lethal events in the future. Accordingly, the
first objective of our study was to evaluate the temporal trends of SCD
incidence in a large unselected population. Second, we performed
stratified analyses based on demographics, cardiac risk factors, and
prior cardiac conditions to gain insight on potential discrepancies in
the temporal trends of SCD incidence.

Methods

Design and data sources

We conducted a retrospective cohort study using multiple large
longitudinal population-based databases in Ontario, Canada, as
previously described.11,20–22 Linkage of these databases was
performed using unique encoded identifiers and analyzed at the
Institute for Clinical Evaluative Sciences (ICES) to protect patient
confidentiality. Demographic information of the Ontario population
was identified using the Registered Persons Database, which is a
registry of all residents who are eligible for the Ontario Health
insurance Plan. Cause of death data was obtained by the Registrar
General of Ontario Vital Statistics Database, which collects
information on date and location of death, and uses death
certificates or coroners’ report when available to determine
etiologies of death. The Canadian Institute for Health Information
(CIHI) Discharge Abstract Database was used to identify comor-
bidities, and medical and surgical procedures. The Ontario Drug
Benefits database was used to obtain medication information for
individuals older than 65 years old.

Identification of SCD

Patients who died suddenly of cardiac causes were identified using
a previously validated case definition.23 This algorithm has been
extensively used to conduct population-based studies to evaluate
SCD associated with medications.24–28 Additional information of
how this method was adopted in this study is shown in the
Supplemental Appendix. Our cohort was first restricted to those
aged 35–74 years, who died at home or in the emergency
department, and did not reside in long-term care facilities because
the identification of SCD was much less accurate outside these
parameters.23 We also excluded patients who were admitted to
hospital within 30 days before the index date and individuals with a
history of serious illness because deaths in these populations are
less likely to be sudden. Serious illnesses were defined as prior
hospitalization with cancer, HIV infection, moderate to severe liver
disease, renal dialysis, organ transplantation, neuromuscular
disorder, drug abuse, mental disorder, and stroke with paraplegia
in the past 5 years using the CIHI discharge abstract database.
Finally, cardiac causes of death were defined using international

classification of disease codes, 9th version: 7981, 7982, 7989,
7999, 390-429, and 440-459. This algorithm has been previously
validated against clinical review and found to have a positive
predictive value of 87%.23

Study cohorts

Using the previously described algorithm, we created a cohort that
included patients who had SCD in Ontario from April 1, 2003 to March
31, 2014. We also created cohorts of individuals in the general Ontario
population of similar age (35–74 years) who are at risk for SCD.

Statistical analysis

The patient cohort was stratified by the Canadian fiscal year (April 1–
March 31) of the index event. Temporal changes in the demographics
and clinical characteristics of the SCD cohort and the general
population were evaluated. Statistical significance was established
using the Cochrane–Armitage Trend test for categorical variables and
linear regression for continuous variables. We calculated age- and
sex-standardized SCD incidence rate from 2003 to 2013 through
direct standardization using the annual cohorts of the general
population. To gain additional perspective on the potential discrepan-
cy of the temporal trends of SCD incidence, we created three a priori
defined subgroups based on clinical characteristics; (a) primary
prevention subgroup with hypertension, diabetes or hyperlipidemia
but no established cardiovascular disease, (b) myocardial infarction,
and (c) heart failure.

Temporal changes in SCD rates were estimated using linear
regression methods. Average annual relative percentage change in
SCD rates was calculated by linear regression of the log rates.
Relative change in SCD rates was calculated by comparing rates in
fiscal year 2013–2003 as a reference.

Statistical significance was established with a 2-sided P value of
<0.05. All analyses were performed at the Institute of Clinical
Evaluative Sciences in Toronto, Canada using SAS 9.1.3 software
(SAS Institute Inc., Cary, NC). This study was approved by the
research ethics board at Sunnybrook Health Sciences Centre in
Toronto, Canada.

Results

Creation of the SCD cohort

There were 232,194 patients who died of cardiac causes from April 1,
2003 to March 31, 2014 in Ontario, Canada (Fig. 1). We excluded
158,611 patients who were younger than 35 years or older than
75 years, 23,997 patients who died in hospital, 5854 patients who had
serious illnesses in the past 5 years, 4829 patients who had recent
hospitalization, 2142 patients who resided in long-term care facilities,
and 427 patients with missing information. After applying these
exclusion criteria, our cohort included 36,334 SCD patients.

Trends in baseline characteristics of SCD patients

Demographic and baseline characteristics of SCD patients
stratified by year of the event are shown in Table 1. Overall,
the mean age was 61.5 and 75.1% were men. The prevalence of
diabetes, hypertension, and hyperlipidemia significantly increased
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over the study period (P < 0.001). In contrast, rates of myocardial
infarction decreased substantially from 11.5% in 2003 to 8.4% in
2013. Similarly, rates of heart failure among SCD patients also
decreased from 21.1% to 17.5% during the study period. Use of
percutaneous coronary interventions and implantable cardiovert-
er-defibrillators increased from 1.9% to 4.3%, and 0.4% to 1.5%,
respectively over the study period (all P < 0.001). The use of
medications among patients over 65 years where medication
information was available also increased: renal-angiotensin
system blockers increased by 4%, beta-blockers by 1.1%, and
statins by 12.8% (all P < 0.001).

Trends in baseline characteristics of the general population

eTable 1 shows the demographics and characteristic of the entire
Ontario population aged 35–74 years. There was significantly
population growth during the study period from 6.3 million
individuals in 2003 to 7.2 million in 2013. Population rates of
hypertension and diabetes increased, while rates of hyperlipid-
emia decreased during the study period. Rates of cardiac events,
medical comorbidities, and cardiac procedures were low in the
population. While rates of myocardial infarction appeared to have
decreased, rates of heart failure were not substantially different
from 2003 to 2013.

Temporal trends of SCD incidence by age and sex

Between the years 2003 and 2013, the age and sex-standardized
SCD rate per 100,000 individuals declined from 57.9 to 42.4 (Table 2).
This was equivalent to a relative reduction of 27% and an annual

decline of 1.6 events/100,000 during the study period. SCD incidence
was more than three times higher in men (64.1/100,000) as compared
to women (21.0/100,000) in 2013. Over the study period, both groups
had similar declines in the SCD incidence (Table 2 and eFig. 1). SCD
incidence also varied substantially by age, the incidence was more
than 10 times higher among the oldest age group (70–74 years)
compared with the youngest (35–49 years). The largest decline in SCD
incidence was seen in the oldest age group, with a 37% relative
reduction and 7.8 events/100,000 annual decline in SCD from
2003 to 2013 (Table 2, and eFig. 2). For those aged 35–49 years, only
a 15% relative reduction and an absolute decline of 0.3/100,000 was
seen (Table 2).

Temporal trends of SCD incidence by cardiac conditions

In 2003, patients with prior heart failure had the highest incidence of
SCD, at 829.0/100,000 followed by myocardial infarction patients
(484.2/ 100,000). A substantial decrease of SCD was found in these
secondary prevention cohorts: 36% relative reduction for CHF, and
21% for MI comparing 2003–2013 (Table 3). The annual reduction in
SCD incidence in these patients was large at 30.7/100,000 prior heart
failure and 11.4/100,000 for prior myocardial infarction (Fig. 2).

In patients with cardiac risk factors but no heart disease, the
incidence of SCD was 64.2/100,000 during the study cohort,
almost three times higher compared with those without any cardiac
risk factors at 22.4/100,000. A small decrease in the SCD
incidence over time was observed in the high-risk primary
prevention cohort: from 74 to 64 deaths per 100,000 accounting
for a 14% relative reduction, an absolute yearly decline of 1.3/
100,000 (Table 3,Fig. 2).

a Please see  the suppl ementa l appendi x fo r the defini �on of  serious illn ess .

232,19 4 pa�ents w ho died f rom cardiac ae�ology during
April 1 , 20 03 to Mar ch 31 , 2 014

73,583  pa�ents

Pa�ents aged  <35 or >75  (n=15 8,611)

Pa�ents who di ed in ho spital (n=23 ,99 7)
Pa�ents with se rious  ill ness*(n=5,85 4)
Hosp itali zed within 30  days prior to  death (n=4,82 9)
Pa�ents in long-ter m c are (n=2,14 2)
Missing  incom e or r esidence informa �on (n=4 27)

36,334  pa�ents who died of sudd en ca rdiac ca uses

Fig. 1 – Creation of the study cohort.
Using the entire Ontario population aged 35–74 years who had dead from April 1, 2003–March 31, 2014, a total of
36,334 patients were classified as died as sudden cardiac causes.

R E S U S C I T A T I O N 1 3 6 ( 2 0 1 9 ) 1 – 7 3



Table 1 – Trend of baselinecharacteristics in cardiac sudden death patients from April 1 2003 to March 31, 2014.

Overall 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 P value for trend

Number of patients 36,334 3578 3493 3236 3294 3332 3289 3179 3258 3107 3208 3360
Demographics, %
Age, Mean�SD 61.5� 9.6 61.9� 9.9 62.0� 9.8 61.4� 9.9 61.4�9.8 61.2�9.7 61.2�9.6 61.3�9.5 61.1�9.5 61.5�9.3 61.8� 9.0 61.6� 9.2 0.127
Men 75.1 75.6 75.2 74.9 74.8 75.7 76.3 73.6 75.6 74.6 74.5 74.9 0.350
Rural 17 17.7 17.9 17.2 17.2 16.3 16.4 17.3 16.9 16.4 16.5 16.6 0.052
Income quintile

1 27.9 26.6 26.7 27.9 27.1 27.5 29.2 28.6 28.6 28.8 26.8 29.6 0.005
2 22 22.4 22.9 22.2 22.2 22.7 21 22.1 20.1 21.9 22.7 21.7 0.158
3 18.1 19.1 19 17.8 18.7 16.6 17.7 17.9 19.5 17.5 18.5 17.1 0.147
4 16.9 16.7 16.2 17.1 16.8 17.4 16.6 16.5 17 17.2 17.8 16.4 0.452
5 15.1 15.3 15.2 15 15.2 15.8 15.5 14.9 14.8 14.5 14.2 15.2 0.269
Cardiac risk factors, %
Hyperlipidemia 27.1 23 24.6 25.6 26.3 26.5 27.3 28.2 29.3 28.5 29.7 30.1 <0.001
Hypertension 56.4 53.1 55.3 54 56.4 55.9 55.3 57.2 55.2 57.7 59 61.2 <0.001
Diabetes 28.1 24.3 25.1 24.1 27 27.1 27.5 29.9 28.5 30.8 32.4 33.8 <0.001

Prior cardiovascular conditions, %
Myocardial infarction 9 11.5 10.8 10.4 9 8.3 9 7.3 8.2 7.8 8.3 8.4 <0.001
Congestive heart failure 19 21.1 21.1 20.1 19.9 18.4 19.2 17.8 17 18.1 18.4 17.5 <0.001
Atrial fibrillation 9.6 9.6 10.6 9.9 9.5 9.9 8.8 8.8 9.3 9.5 9.5 9.9 0.265
Ventricular arrhythmias 1.4 1.8 2 1.3 1.5 1.2 1.3 1 0.9 1.1 1.5 1.4 0.002
Cerebrovascular disease 2.5 1.2 2.1 2.2 2.9 2.9 2.9 2.5 2.4 2.5 2.6 3.1 <0.001
Peripheral vascular disease 4.1 4.5 4.7 3.9 4.5 4.7 3.6 3.6 3.8 3.4 4 4.3 0.041

Prior medical comorbidities, %
Renal disease 2.8 3 3.1 3.2 3.4 2.7 2.9 2.5 2.6 2.6 2.5 2.4 0.003
Peptic ulcer disease 1.3 1.4 1.3 1.5 0.9 0.9 1.1 1.1 1.6 1.5 1.5 1.4 0.172
Anemia or blood disease 5.2 5.9 5.3 5.7 4.6 5.4 4.7 4.7 4.9 5 5 6 0.483
Chronic lung disease 7.5 9.5 8.2 7.4 7.9 7.5 6.9 7 6.7 6.9 7.4 7.4 <0.001
Charlson score, Mean � SD 0.7�1.3 0.7�1.3 0.7�1.3 0.6� 1.3 0.6� 1.3 0.6� 1.3 0.7� 1.3 0.6� 1.3 0.6� 1.3 0.7�1.3 0.7�1.4 0.7�1.4 0.009

Cardiac assessment or procedures in the past 5 years, %
Cardiac catheterization 11.4 10.9 11 10.8 10.7 11.8 12 11.1 11.7 11 12.4 12.4 0.009
Percutaneous coronary intervention 3.3 1.9 2.4 2.8 3.3 3.5 3.9 3.6 3.7 3 4.4 4.3 <0.001
Coronary artery bypass surgery 1.7 1.6 2 2.2 1.5 2 1.5 1.8 1.7 1.3 1.6 1.8 0.249
Implantable cardioverter-defibrillator 0.9 0.4 0.8 0.4 0.7 0.5 0.9 0.9 1.1 1.5 1.2 1.5 <0.001
Permanent pacemaker 1.1 0.8 1 1.4 0.8 1 1.3 0.9 1.2 0.9 1.4 1.3 0.071
Assessment of ischemia 24 24.7 25 25.2 22.7 23.7 22.5 23.2 24.1 24.5 24.4 24 0.425
Assessment of ventricular function 36 32.1 32.1 32.9 33.1 36.3 36.1 36.7 38.5 38.9 40.4 39.8 <0.001

Abbreviations: SD, standard deviation.
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Discussion

Using a previously validated method to determine SCD incidence in the
general population, we were able to generate new insights for this
common and yet deadly condition. First, we observed a 27% relative
reduction in SCD incidence over the past decade. Second, the most
contemporary age and sex-standardized SCD rate among adults
between 35–74 years was 42.4/100,000, but the SCD incidence varied
substantially by age, sex, cardiac risk factors, and prior cardiac
conditions. Third, the largest reductions in the SCD incidence over the
past decade appeared to be among patients with heart failure. In contrast,
the decline in SCD incidence was relatively low for patients with cardiac
risk factors and no established disease.

Epidemiological surveillance of disease is important for the
understanding and planning of public health services.29,30 Although
SCD is one of the leading causes of death in developed countries, the
inability to apply the classic definition of unexpected death has
hampered our understanding of this condition. One of the novelties of
this study was our ability to circumvent this problem by applying a
previously validated algorithm to routinely collected administrative
data that are available in many countries. Although the incidence of
SCD observed in our study appeared in line with prior reports from
Japan and Australia, it was impossible to directly compare estimates
from different countries because they used different methods to
ascertain sudden death patients.7,8 Indeed, Kong et al. have
previously performed a systematic review to confirm our notion that
the true incidence of SCD is not known because of a lack of
standardization.31 It is our hope that a method similar to what we used

in our current study be adapted to allow cross country comparisons in
the future.

Our study also differed from prior evaluations because we were
able first to identify the population at risk and then determine the
incidence of SCD in various subgroups. In contrast, other studies
assembled cohorts of SCD patients, and then evaluated whether the
risk profile of the deceased patients have changed over time.6–8,32–36

This approach neglects the population changes in risk profile. For
example, an increasing number of diabetics among SCD cohorts over
time could be due to the increasing propensity of diabetics to suffer
sudden death.37 Alternatively, it could also be due to an increasing
number of diabetics in the population.

Despite the lack of universally acceptable definition of SCD that
could be used in epidemiological studies, our results on temporal
trends are valid because the same methodology was applied in the
entire study period. We observed the largest reduction of SCD
incidence among patients with prior heart failure hospitalization. In
fact, a recent study demonstrated ambulatory heart failure patients
enrolled in clinical trials from 1995 to 2014 experienced a 44% decline
in the rate of sudden death.38 Our study extends their findings by
demonstrating that the significant improvement seen in trial
participants actually translated to the population at large. We also
found potential reasons for such improvement as we observed an
increased use of medical therapy, cardiac assessment, and cardiac
invasive interventions during this study period.

On the other hand, the reduction among patients with cardiac risk
factors and no prior disease was relatively minor. Such discrepancy is
likely related to the difficulty in predicting SCD among primary

Table 2 – Adjusted rates for sudden cardiac death in men and women aged 35–74 years, Ontario 2003–2013.

Sudden cardiac death rate per 100,000 Relative reduction
(95% CI)

Average annual decline,
events per 100,000 (95% CI)

2003 2013

Overall 57.9 42.4 0.27 (0.23–0.30) 1.6 (1.3–1.8)
Sex
Women 27.8 21.0 0.24 (0.17–0.31) 0.7 (0.6–0.8)
Men 88.6 64.1 0.28 (0.24–0.31) 2.5 (2.0–2.9)

Age
35–49 15.2 12.9 0.15 (0.03–0.25) 0.3 (0.1–0.4)
50–59 53.4 41.4 0.22 (0.15–0.29) 1.1 (0.9–1.3)
60–64 101.7 76.3 0.25 (0.16–0.33) 2.8 (2.3–3.4)
65–69 139.6 102.9 0.26 (0.18–0.34) 3.6 (2.3–4.8)
70–74 217.7 136.2 0.37 (0.31–0.43) 7.8 (6.3–9.3)

Abbreviations: CI, confidence interval; SCD, sudden cardiac death, Ontario population aged > 35 years in 2003 = 6,269,742 and in 2013 = 7,229,963.

Table 3 – Age and sex adjusted rates for sudden cardiac death in specified conditions, Ontario 2003–2013.

Sudden cardiac death rate per 100,000 Relative reduction
(95% CI)

Average annual decline,
events per 100,000 (95% CI)

2003 2013

Cardiac risk factorsa 74.5 63.9 0.14 (0.08–0.2) 1.3 (0.8–1.8)
Myocardial infarction 484.2 380.7 0.21 (0.08–0.32) 11.4 (5.9–17)
Heart failure 829.0 533.1 0.36 (0.28–0.42) 30.7 (24.8–36.5)

Abbreviations: CI, confidence interval.
a This group included patients with diabetes, hypertension, or hyperlipidemia but without history of myocardial infarction, congestive heart failure, atrial fibrillation,
or ventricular arrhythmia. Ontario population aged 35+ years: 2003 = 6,269,742; 2013 = 7,229,963.
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prevention patients with cardiac risk factors. In addition, there is no
specific treatment to lower the risk of SCD except control of risk factors.
It is important to recognize that the total number of SCD events among
primary prevention is large despite the lower incidence because of the
large number of individuals who are affected by cardiac risk factors.

Several limitations of our study merit consideration. First, the majority
of deaths were determined by death certificates given the small number
of autopsies that are currently performed. Although it is likely that
misclassificationofcausesofdeathhasoccurred,ourmethodsrepresent
the best possible mechanism to generate epidemiological data on the
entire population. Second, our cohort was limited to a restricted age
range between 35–74 years, and therefore, our findings cannot be
applied beyond this age group. This restriction was necessary because
the accuracy of determining SCD will be lower in younger subjects whose
deaths may be related to substance abuse, and older subjects, who may
have significant comorbidities and much fewer unexpected deaths.39

Finally, we conducted this study in Ontario, Canada, and the findings and
trends might not apply to other populations. However, it is our hope that
similar methods could be applied to other countries to enable additional
insights in SCD incidence around the world.

Conclusions

We showed a substantial decrease in SCD among patients with heart
diseases, but relatively stable rates in primary prevention. These
findings suggest that there is still a gap in prevention of SCD in people

without heart disease. While guideline-based therapy improved
outcomes among patients with cardiovascular history, prevention of
SCD in the general population is still a challenge. It is more difficult to
track patients at risk for SCD among patients with no heart disease and
prevention strategies might be different than conventional cardiac
care. Future investigations should strive to gain a better understand-
ing of the pathogenesis and risk factors for SCD in a population, which
will guide the development of policy and interventions to reduce the
impact of this major public health issue.
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