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Abstract

Introduction: Of all cardiovascular causes of mortality, coronary heart disease (CHD)

remains the leading cause of death. Our objectives were to establish trends in the

prevalence and incidence of CHD in the province of Quebec, and to determine the

proportion of CHD mortality that had no previous CHD diagnosis.

Methods: Trends in prevalence, incidence and mortality were examined with a

population-based study using the Quebec Integrated Chronic Disease Surveillance

System, which links several health administrative databases. Data are presented using

two case definitions for Quebecers aged 20 years and over: 1) a validated definition, and

2) CHD causes of death codes added to estimate the proportion of deaths that occurred

without any previous CHD diagnosis as a proxy for sudden cardiac death (SCD).

Results: In 2012/2013, the crude prevalence of CHD was 9.4% with the first definition

(593 000 people). Between 2000/2001 and 2012/2013, the age-standardized prevalence

increased by 14%, although it has been decreasing slightly since 2009/2010. Age-

standardized incidence and mortality rates decreased by 46% and 26% respectively, and

represented a crude rate of 6.9 per 1000 and 5.2% in 2012/2013. The proportion

identified only by CHD mortality, our SCD proxy, was only significant for the incident

cases (0.38 per 1000 in 2009/2010) and declined over the study period.

Conclusion: The prevalence of CHD has tended to decrease in recent years, and

incidence and mortality have been declining in Quebec. Most CHD mortality occurs in

previously diagnosed patients and only a small proportion of incident cases were not

previously identified.
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Introduction

Although coronary heart disease (CHD)

remains the worldwide leading cause of

death, cardiovascular mortality in high-

income countries is declining.1,2 This down-

ward trend has been extensively studied.3-5

In Canada, the proportion associated with the

decrease in cardiovascular risk factors (pri-

mary prevention) was 48%, and the one

associated with advances in medical and

surgical treatments (secondary prevention)

was 43%.6 However, recent epidemiological

studies have demonstrated that primary

prevention of CHD would be more difficult

to implement because of the increasing

prevalence of risk factors such as hyperten-

sion,7,8 diabetes9 and obesity,10 which could

contribute to an increase in cardiovascular

burden.

Many studies have addressed the public

health burden of CHD death as well as of

out-of-hospital CHD death, a surrogate for

sudden cardiac death (SCD).11 These studies

have documented evidence of a significant

decrease in SCD rates.12,13 However, there is

little information about the burden and trends

of CHD mortality outside of hospitals and

without any previous CHD diagnosis.

A recent study revealedmodest improvements

over time in risk factor profiles of patients

without known cardiovascular disease who

presented with a first myocardial infarction.14

Because ventricular arrhythmias are life-threa-

tening complications of acute myocardial

infarction that are relatively common among

people with no prior history of CHD,15

documenting the incidence of CHD mortality

without prior CHD diagnosis would be useful.

Chugh et al.16 (p. 219) went further and

mentioned that there exists ‘‘a critical need

to learn more about patients who suffer SCD
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in the community, particularly when they do

not have previously identified heart disease.’’

Knowing that both primary and secondary

prevention have greatly improved the trends

in cardiovascular mortality, our first objective

was to determine the trends in CHD pre-

valence, incidence and mortality in the

province of Quebec, by sex and age, using a

validated case definition. Our second objec-

tive was to determine the proportion of CHD

mortality that occurred without any previous

CHD diagnosis or treatment, a proxy of SCD,

and to establish the trends in this proportion

for prevalence, incidence and mortality in the

last decade in Quebec, by sex and age.

Methods

Data sources

Our data source was the Quebec Inte-

grated Chronic Disease Surveillance System

(QICDSS), developed by the Institut national

de santé publique du Québec.17 Briefly, the

QICDSS was created by linking five health

administrative databases: the health insur-

ance registry, hospital discharges, physician

claims, vital statistics and drug databases

(Z 65 years; not used in this study). The

QICDSS covers the entire Quebec population

(8 million in 2012 in the health insurance

registry) since 1st January, 1996, and is

updated annually, except for the mortality

database, which is delayed; each fiscal year

starts in April. The last year of mortality data

we used was 2009/2010, while we used

2012/2013 for the other databases.

Coronary heart disease case definitions

We used two case definitions for adults aged

20 years and over who are eligible for health

insurance in Quebec: one for those diagnosed

with CHD and the other that added people

who received a CHD diagnosis only at death.

People were considered to be diagnosed with

a CHD if they had received (1) a hospital

discharge abstract with a principal or second-

ary CHD diagnosis code using International

Classification of Diseases (ICD); (2) a hospital

procedure code in any field of coronary

intervention (coronary artery bypass graft or

percutaneous coronary intervention); or (3)

at least two physician claims with a CHD

FIGURE 2A
Age-standardizeda prevalence of diagnosed coronary heart disease, by sex and for all adultsZ 20
years, Quebec, 2000/2001 to 2012/2013, plus cases identified with coronary heart disease death
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FIGURE 1
Case definitions of CHD plus the addition of CHD as cause of death to identify silent cases and

their relationship with primary and secondary prevention
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diagnosis code within a one-year period. The

use of ICD and procedures codes has been

described elsewhere.18 This first case defini-

tion, with slight modifications in the proce-

dure codes, has been validated by Tu et al.,19

and is used in the surveillance of CHD by the

Canadian Chronic Disease Surveillance System,

a collaborative network of provincial and

territorial surveillance systems supported by

the Public Health Agency of Canada.18 We call

this case definition ‘‘1H2P.’’

For the second case definition, the mortality

records data were added to 1H2P to include

the number of Quebecers who died of CHD

but who had not been previously identified

in the hospital or physician claims data (see

Figure 1). This ‘‘1H2P + CHD death’’ case

definition was applicable when the initial or

any secondary causes of death corresponded

to the CHD diagnosis codes referenced

above.18 In other words, as the QICDSS links

with the mortality records, CHD as cause of

death is another possible way to identify

cases of people without a diagnosis who died

from CHD.

Statistical analysis

We calculated prevalence, incidence and

mortality of CHD as previously descri-

bed8,18,20 with the number of eligible people

in the health insurance registry as the deno-

minator. Prevalent cases remained for the

remainder of the follow-up period, as long

as they were alive at the beginning of the

year studied and had a valid health

insurance card. We calculated prevalence

by dividing the total number of prevalent

cases by the insured population and multi-

plying by 100. To calculate incidence, we

divided the total number of newly diag-

nosed (incident) cases by the insured

population at risk (total number of insured

population minus the prevalent cases at the

beginning of the fiscal year) and multiplied

by 1000. Because a minimum of four years

was necessary to differentiate incident from

prevalent cases, measures were reported

from 2000/2001 even though observation

began in January 1996.

We calculated mortality rates as the number

of deaths from all causes among CHD patients

divided by the number of CHD prevalent

cases and multiplied by 100. To analyze time

trends, we used age-standardized rates and
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the 2001 Quebec Census population aged

20 years and over as the standard population.

Relative changes over time and relative

difference between sexes were calculated as

previously described7; 95% confidence inter-

vals (CI) were computed using an inverse

gamma distribution. Given the population-

based nature of the study, many of the CIs

were small and therefore not included in

graphs. When the CIs do not overlap, the

difference was considered as statistically signi-

ficant, although this test is considered con-

servative. Statistical analyses were performed

using SAS Enterprise Guide version 5.1 (SAS

Institute Inc., Cary, NC, USA).

Results

Prevalence

Trends for 1H2P
In 2012/2013, more than 593 000 Quebecers

aged 20 years and over were diagnosed with

CHD, which represents a crude prevalence of

9.4% (593 035/6 342 005; 95% CI: 9.3–9.4).

Between 2000/2001 and 2012/2013, the age-

standardized prevalence increased by 14%

among men and women although it has de-

creased slightly since 2009/2010 (Figure 2A).

Over the study period, men had a higher

prevalence than women; in 2012/2013, the

prevalence in women was 40% lower than in

men.

Trends for the 1H2P + CHD death
The additional data from the mortality

registry—those who died of CHD without

having had a previous diagnosis—added

only a very small proportion of cases

(statistically significant only in 2000/2001)

to those already identified (Figure 2A). This

proportion decreased during the study per-

iod, from the age-standardized rate of 0.07%

(95% CI: 0.06%–0.07%) for the total adult

population in 2000/2001 to 0.04% (95% CI:

0.04%–0.04%) in 2009/2011 (see Table 1A).

Trends for each case definition based on age
Using the 1H2P definition, the prevalence

of CHD in people aged 70 years and over

increased the most between 2000/2001 and

2009/2010 and slightly decreased after-

wards, while this prevalence decreased in

the other age groups between 2008/2009

and 2012/2013 (Figure 2B). Including CHD

deaths (1H2P + CHD death) added only a

FIGURE 2B
Age-standardized prevalence of diagnosed coronary heart disease, by age group, in adults Z 20
years, Quebec, 2000/2001 to 2012/2013, plus cases identified with coronary heart disease death
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FIGURE 2C
Age-standardized prevalence of diagnosed coronary heart disease, in adults Z 20 years, by
sex and age group, Quebec, 2000/2001 to 2012/2013, plus cases identified with coronary

heart disease death
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few cases, which was barely significant in

the first two years, 2000/2001 and 2001/

2002, for people aged 70 years and more.

Regardless of age, the prevalence in men

was continually higher over this period

(Figure 2C).

Incidence

Trends for 1H2P
In 2012/2013, nearly 40 000 people were

diagnosed with CHD for the first time,

making the crude incidence rate 6.9 per

1000 (39 850/5 788 825; 95% CI: 6.8–7.0).

Between 2000/2001 and 2012/2013, the age-

standardized incidence of CHD decreased by

46% for both sexes combined (Figure 3A).

Over this period, women had a lower

incidence of CHD than did men, by as much

as 41% in 2012/2013.

Trends for 1H2P + CHD death
Taking into account CHD as the cause of

death significantly increased the absolute inci-

dence of CHD by an average of 0.7 between

2000/2001 and 2009/2010 for both sexes

combined (Figure 3A). The proportion identi-

fied through CHD death only decreased over

time and was higher in men (Table 1B).

Trends for each case definition based on age
Based on the 1H2P definition, the incidence

of CHD decreased over time and particularly

for those aged 70 years and over (Figure 3B).

Also taking into account CHD deaths (the

1H2P + CHD death definition) added a

significant proportion to the incidence for the

oldest age group (Z 70 years) only: the

incidence increased from 30.4 per 1000 (95%

CI: 29.8–31.0; n ¼ 17 400 cases) in 2009/

2010 to 33.7 per 1000 (95% CI: 33.1–34.4;

n ¼ 19 310 cases). As with prevalence,

incidence was always higher in men than in

women in all the age group (Figure 3C).

All-cause mortality

Trends for 1H2P
Over 30 000 people diagnosed with CHD

died in 2012/2013. These people had been

hospitalized or had consulted a physician

for CHD, and a date of death was recorded

in their insurance registry (all causes of

death). This represented a crude proportion

of 5.2% (30 550/593 035; 95% CI 5.1–5.2).

Figure 4A shows that the adjusted mortality

FIGURE 3A
Age-standardizeda incidence of diagnosed coronary heart disease, by sex and for all adults Z 20
years, Quebec, 2000/2001 to 2012/2013, plus cases identified with coronary heart disease death
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FIGURE 3B
Age-standardized incidence of diagnosed coronary heart disease, by age group, in adults Z 20
years, Quebec, 2000/2001 to 2012/2013, plus cases identified with coronary heart disease death
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rate decreased for both sexes combined by

26% between 2000/2001 and 2012/2013.

Trends for 1H2P + CHD death
In 2009/2010, taking into account CHD

deaths among people not previously diag-

nosed with CHD in addition to all causes

of death for prevalent cases increased the

age-standardized mortality rate, although

this increase was insignificant (Table 1C and

Figure 4A). As with prevalence and inci-

dence, this proportion decreased over time.

Sex and age group trends for each case
definition
Using either case definition, men and women

had similar mortality rates, particularly since

2008/2009 (Figure 4B). Between 2000/2001

and 2009/2010, the addition of CHD death

increased average mortality rates nonsignifi-

cantly by 0.3 and 0.6 in absolute values, for

women and men respectively. Overall mor-

tality rates of the three age groups declined

(see Figure 4C). Adding CHD as the cause of

death significantly increased mortality rates

for all age groups, although it did not have an

effect on trends. Mortality rates were very

similar in both sexes and all age groups (data

not shown).

Mean age for prevalence, incidence and
mortality based on sex

For prevalence and incidence, both sexes

combined, the mean age of patients identi-

fied through CHD death only was consis-

tently significantly higher than that of

patients identified through physician claims

or hospital data over the study period (see

Tables 1A and 1B, respectively). This age

difference was driven by the one observed

in women (11 years older in 2009/2010 for

incident cases in women, compared to

6 years older for men). However, in the

case of mortality rates, the people identified

with CHD death only were younger. This

difference was most pronounced in men

(8 years younger in 2009/2010, compared

to 2 years younger for women; see Table 1C).

Discussion

Based on either case definition, 1H2P (hospi-

tal orZ 2 physician claims) or 1H2P+ CHD

death (hospital or Z 2 physician claims and

CHD death), the prevalence of CHD tended to
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decrease in recent years, while incidence and

mortality declined over the study period. The

proportions of CHD mortality that occurred

without any previous diagnosis or treatment

for CHD, our proxy for SCD, decreased over

the study period and were statistically signi-

ficant for incident cases only, although the

differences were small. The incident rate of

this proxy for SCD was around 0.38 per 1000

in 2009/2010. Our results thus confirm that a

very small proportion of CHD patients in the

province of Quebec died without having been

diagnosed with CHD by a physician. Men had

a significantly higher prevalence and inci-

dence of CHD while their mortality rates were

about the same as women’s.

Our results are similar to those of Moran

et al.,21 who demonstrated that age-standar-

dized incidence of myocardial infarction and

prevalence of angina decreased globally

between 1990 and 2010 in 21 world regions.

Similarly, in most world regions age-standar-

dized CHDmortality rates have declined since

1980, particularly in high-income regions,

which is testament to effective prevention

and treatment strategies.2 The most recent

data, from the National Health and Nutrition

Examination Survey (NHANES) 2007 to 2010,

showed that the prevalence of CHD in the

United States was 6.4% among adults

20 years and over.22 This prevalence is lower

than what we found, but this probably

reflects underestimation due to the self-

reported status of information on the disease.

Shah et al.14 studied the temporal trends of

risk factor profiles in patients without known

cardiovascular disease presenting with a first

episode of myocardial infarction, and found

modest improvements between 2002 and

2008. The majority of the other studies that

focussed on SCD presented a problem by

selecting common definitions and criteria,

which did not help evaluate incidence.23 For

example, some studies included time con-

straints in their case definitions, others

included a geographical location of the

event or ‘‘survivors of cardiac arrest;’’ most

important were the differences in the

criteria, from using CHD death only to

including cardiovascular etiology. A recent

study that used multiple sources of infor-

mation, such as a death certificate, county,

state and national population data, and

a prospective population-based surveil-

lance study of SCD, revealed that the

FIGURE 3C
Age-standardized incidence of diagnosed coronary heart disease in adults Z 20 years, by sex and
age group, Quebec, 2000/2001 to 2012/2013, plus cases identified with coronary heart disease death
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FIGURE 4A
Age-standardizeda mortality rate for adults agedZ 20 years with diagnosed coronary heart disease,

Quebec, 2000/2001 to 2012/2013, plus cases identified with coronary heart disease death
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age-adjusted incidence of SCD in the United

States was 60 per 100 000 population in

2009, which is similar to what we found in

Quebec.24 In parallel with the decline in

CHD mortality, trends in the incidence of

SCD also declined.25

Limitations

Using retrospective health administrative

data to estimate the burden of diseases

presents many previously described limita-

tions:7,8,17,18,20 cases in nursing homes or

other institutions may be underestimated;

physicians paid through alternative methods;

or identified cases are limited to people in

contact with the health care system. How-

ever, some of these limitations have less

impact in the case of CHD, which is often

treated in hospitals and it is usually sympto-

matic. The case definition of CHD maximizes

specificity (97.5%) and negative predictive

value (97.7%), while sensitivity (77.0%) and

positive predictive value (PPV) (75.3%) are

not as high.19 It can be difficult to accurately

determine CHD as the cause of death,

particularly if there is no prior history of

CHD or if no autopsy is performed. None-

theless, the accuracy of death certificates has

been validated in the Framingham Heart

Study26 and Atherosclerosis Risk in Commu-

nities27 (ARIC) cohort studies, and PPV was

67% in both studies. These studies found

that death due to CHD, based on death

certificates, was overestimated by 24% and

20%, respectively. However, even with this

overestimation, our prevalent cases of CHD

are not affected by the addition of CHD

death. Our proxy of SCD, silent CHD, can be

overestimated, because patients could have

had diabetes, hypertension or any heart

disease that could be related and could

explain their CHD death.

Strengths

Because Quebec has universal health care,

access to treatment for patients with symp-

toms suggestive of CHD should be equal.28

We used a validated definition of CHD with

both diagnosis and treatment codes, which

increases the sensitivity and specificity, and

relies more on hospitalization data, which

have been proven to be useful and reliable.29

The QICDSS has all the health information

about several chronic diseases for almost the
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entire Quebec population (95% in 2011/

201217) making our data very representative.

This surveillance system has already ga-

thered more than 15 years of data, and as it

is an on-going process, future trends can

be easily determined and health services

adjusted accordingly.

Quebec is one of the few provinces in

Canada that can link vital statistics with

other health administrative data.18 As a

result, our study is strengthened by inclu-

ding the numbers of cases who died of

CHD before receiving a diagnosis.

Finally, our proxy of SCD is enhanced by the

fact that the majority (62%) of young people

with SCD experienced angina.30 This means

that CHD diagnosis, which includes angina,

was likely present before death. This proxy is

also the most instinctive definition, because

it answers one of the first questions that arise

when a person dies suddenly: ‘‘Was this

person at risk or had any history of CHD?’’

Conclusion

The decreasing trends in CHD are encoura-

ging. The proportion identified only through

vital statistics is also decreasing and very

small. This proxy of SCD represents an

insignificant proportion of CHD, as illustrated

with the prevalence. We can suppose that

secondary prevention has been beneficial.

Primary prevention of CHD should be

reinforced, as some cases were only identi-

fied when death from CHD occurred, parti-

cularly among the elderly. However, because

we are confirming that a very small propor-

tion of Quebecers were dying suddenly from

CHD, a further methodological implication is

that claims and hospital data are sufficient to

perform CHD surveillance. Because all Cana-

dian provinces and territories have a similar

universal health care system, we can extra-

polate that CHD surveillance in Canada can

be done with these two databases alone.18

Nonetheless, future studies about silent CHD

should include the place of death as well as

the history of other diagnoses in order to

specify who is more at risk. Public health

advice should also emphasize consultation

for cardiovascular diseases and its risk

factors, that is, primary prevention, as the

best way to further improve trends in CHD

and SCD.

FIGURE 4B
Age-standardizeda mortality rate for adults Z 20 years with diagnosed coronary heart disease,
by sex, Quebec, 2000/2001 to 2012/2013, plus cases identified with coronary heart disease death
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FIGURE 4C
Age-standardized mortality rate for adultsZ20 years with diagnosed coronary heart disease, by age
group, Quebec, 2000/2001 to 2012/2013, plus cases identified with coronary heart disease death
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