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Coronary artery disease continues to be the leading cause of mor-
bidity and mortality worldwide (1-4). It places a large economic 

burden on the health care system because acute coronary artery disease 
is also one of the most frequent reasons for hospitalization (1,2,5). 
While one might hypothesize that significant improvements in pre-
vention and treatment of coronary artery disease have reduced the 
burden of cardiovascular disease, little information is available on the 
secular trends of acute coronary syndrome (ACS) hospitalization in 
Canada.

Previous studies on trends of acute coronary artery disease have 
yielded divergent results. The World Health Organization 
Multinational MONItoring of trends and determinants in 
CArdiovascular disease (WHO MONICA) project (6), which exam-
ined 37 populations across four continents, found that the incidence 
of coronary artery disease hospitalizations had modestly declined 

from the mid-1980s to the mid-1990s. Conversely, data from the 
United States showed a slight increase in incidence over a similar 
period (7). It is uncertain how trends in Canada would compare with 
other jurisdictions because there are unique aspects to the demo-
graphic composition of Canada and the nature of the health care 
system. Furthermore, previous studies focusing on acute myocardial 
infarction ignored a large proportion of patients hospitalized with 
unstable angina without evidence of heart damage or infarction. In 
addition, the definition of acute myocardial infarction has changed 
dramatically in the past decade, emphasizing the use of sensitive 
cardiac biomarkers (8). Therefore, ACS is currently accepted as the 
most appropriate operational term to describe an acute presentation 
of coronary artery disease, encompassing both ST segment elevation 
myocardial infarction, non-ST segment elevation myocardial infarc-
tion and unstable angina (9).
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BACKGROUND: Acute coronary syndrome (ACS) is one of the most 
frequent reasons for hospitalization worldwide. Although substantial 
advances have been made in the prevention and treatment of coronary 
artery disease, their impact on the rates of ACS hospitalization is unclear. 
METHODS: Data from the Canadian Institute for Health Information 
Discharge Abstract Database were used to estimate secular trends in ACS 
hospitalization. A total of 1.3 million ACS hospitalizations in Canada 
from April 1, 1994, to March 31, 2006, were examined. Overall hospital-
ization rates were standardized for age and sex using 1991 Canadian census 
data, and hospitalization rates were also stratified by age group, sex and 
Canadian province to assess trends in each subgroup. 
RESULTS: The Canadian age- and sex-standardized ACS hospitalization 
rate was 508 per 100,000 persons in 1994, and 317 per 100,000 persons in 
2005 – a relative reduction of 37.8% and an average annual relative reduc-
tion of 3.9% per year. Declines in ACS hospitalization rates were observed 
among men (annual relative reduction 3.9%, relative reduction 39.0%) 
and women (annual relative reduction 3.8%, relative reduction 35.8%). 
Declining trends were also observed among patients of different age groups 
and among patients hospitalized across all Canadian provinces. 
INTERPRETATION: Over the past decade, a substantial decline in 
ACS hospitalization rates occurred, which has not been previously 
observed. This finding is likely due to improvements in primary and sec-
ondary prevention of coronary artery disease. The present study’s data 
should provide important insights and guidance for future health care plan-
ning in Canada. 
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Les tendances séculaires des hospitalisations 
attribuables au syndrome coronarien aigu entre 
1994 et 2005

HISTORIQUE : Le syndrome coronarien aigu (SCA) est l’une des 
principales causes d’hospitalisation de par le monde. Même si on a réalisé 
des progrès considérables dans la prévention et le traitement de la 
coronaropathie, on ne connaît pas clairement ses répercussions sur le taux 
d’hospitalisations attribuables au SCA.
MÉTHODOLOGIE : Les données de la base de données sur les congés des 
patients de l’Institut canadien d’information sur la santé ont permis 
d’évaluer les tendances séculaires d’hospitalisations attribuables au SCA. 
Au total, on a examiné 1,3 million de ces hospitalisations au Canada entre 
le 1er avril 1994 et le 31 mars 2006. Les taux d’hospitalisation globaux ont 
été normalisés selon l’âge et le sexe à l’aide des données du recensement 
canadien de 1991, et les taux d’hospitalisation ont également été stratifiés 
selon le groupe d’âge, le sexe et la province canadienne pour évaluer les 
tendances de chaque sous-groupe.
RÉSULTATS : Les taux d’hospitalisations attribuables au SCA au 
Canada, normalisés selon l’âge et le sexe, correspondaient à 508 personnes 
par tranche de 100 000 habitants en 1994, et à 317 personnes par tranche 
de 100 000 habitants en 2005, soit une réduction relative de 37,8 % et une 
réduction relative annuelle moyenne de 3,9 % par année. On observait un 
fléchissement de ces taux d’hospitalisation chez les hommes (réduction 
annuelle relative de 3,9 % et réduction relative de 39,0 %) et chez les 
femmes (réduction annuelle relative de 3,8 % et réduction relative de 
35,8 %), de même qu’une tendance à la baisse chez les patients de divers 
groupes d’âge et chez ceux hospitalisés dans les diverses provinces 
canadiennes.
INTERPRÉTATION : Depuis dix ans, on observe pour la première fois 
un fléchissement substantiel des hospitalisations attribuables au SCA. 
Cette constatation découle probablement des améliorations à la prévention 
primaire et secondaire de la coronaropathie. Les données de la présente 
étude devraient donner un aperçu important et une orientation quant à la 
future planification des soins au Canada.
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An understanding of the secular trends in ACS hospitalization 
rates will provide important insights into the incidence and preva-
lence of acute coronary artery disease, and also enable us to evaluate 
the impact of primary and secondary prevention at the population 
level. Accordingly, the main objective of the project was to estimate 
trends in ACS hospitalizations in Canada.

METHODS
Data sources
The Canadian Institute for Health Information (CIHI) Discharge 
Abstract Database includes demographic and clinical information of 
all patients who are hospitalized to acute care hospitals in Canada. 
Trained hospital staff transcribe information from each medical chart 
using standardized International Classification of Diseases (ICD) 
codes. Using the CIHI Discharge Abstract Database, all patients who 
were hospitalized with ACS were identified from April 1, 1994, to 
March 31, 2006, based on the ICD – Ninth Revision (ICD-9) codes 
410, 411 and 413, and the ICD – 10th Revision (ICD-10) codes I20, 
I21, I22, I23.82 and I24 (2,10). Patients presenting to the emergency 
room for chest pain evaluation without hospitalization were not 
included.

Study sample
All patients 20 years of age or older with a diagnosis of ACS were 
included in the study sample. Patients with previous ACS hospitaliza-
tions were not excluded; thus, the study sample included patients with 
incident and recurrent events. To avoid double-counting patients who 
received care at more than one hospital for the same incident event, 
provincial health card numbers were used to create unique episodes of 
care. As a result, some provincial data (Nova Scotia in fiscal year 
1994, Saskatchewan for fiscal years 1994 to 1997, Manitoba for fiscal 
years 2001 to 2003, and Quebec in fiscal year 2005) were excluded 
from the rate calculations due to missing health card numbers. This 
problem occurred because several provinces were not required to sub-
mit health card information to the CIHI Discharge Abstract Database 
at the time.

Revision of ICD codes
ICD codes are modified every 10 to 20 years to reflect changes in 
medical technology, diagnosis or terminology. Canadian provinces 
adopted the conversion of ICD-9 to ICD-10 version codes at different 
times during the study period: British Columbia, Newfoundland and 
Labrador, Nova Scotia, Prince Edward Island and Saskatchewan in 
2001; Alberta and Ontario in 2002; New Brunswick in 2003; and 
Manitoba in 2004. Quebec used ICD-9 codes throughout the study 
period. The Charlson comorbidity index, a composite comorbidity 
score based on 17 medical conditions, was used to examine comorbid 
disease burden (11). A previous study (12) has shown the Charlson 
comorbidity index to provide similar estimates of comorbidity preva-
lence using ICD-9 or ICD-10 version codes.

To ensure comparability of ICD-9 and ICD-10 version codes for 
capturing ACS diagnoses, data from the Global Registry of Acute 
Coronary Events (GRACE) were used for validation (13). The 
GRACE registry is a prospective clinical registry of patients hospital-
ized with ACS, and has been described in detail elsewhere (13). 
Ontario patients who were enrolled in the GRACE registry were first 
linked to the CIHI Discharge Abstract Database using admission date, 
date of birth and sex (14). The coding accuracy of a CIHI most respon-
sible diagnosis of myocardial infarction and unstable angina was deter-
mined using ICD-9 or ICD-10 codes with the same discharge diagnosis 
in the GRACE registry as the gold standard (13). The coding accuracy 
of ICD-9 and ICD-10 codes was similar. For example, ICD-9 code 410 
had a sensitivity of 83%, a specificity of 73% and a positive predictive 
value of 84%, and ICD-10 codes I21 and I22 had a sensitivity of 87%, 
a specificity of 76% and a positive predictive value of 87% for the 
diagnosis of myocardial infarction, comparable with previous valida-
tion studies (14).

Statistical analysis
Age- and sex-standardized hospitalization rates per 100,000 persons 
were calculated by direct standardization using the 1991 Canadian 
population as the standard. This method of standardization was consis-
tent with previous epidemiological studies in Canada and represents a 
standard that allows rates from different studies to be directly compa-
rable (5). ACS hospitalization rates were then stratified by age group, 
sex and province to examine specific trends in these subgroups. The 
data did not include postal codes of each patient and, therefore, assess-
ment of hospitalization trends by socioeconomic status was not possi-
ble. Average annual relative percentage change in hospitalization rates 
was calculated by linear regression of the log rates. Potential differ-
ences in temporal trends within prespecified subgroups were examined 
by including an interaction term between the specified subgroups (age, 
sex, province) and the variable denoting time. Because none of the 
interaction terms were statistically significant, they were dropped from 
the regression models. Relative change in hospitalization rates was 
calculated by comparing rates in fiscal year 2005 with those in 1994 as 
a reference. CIs of the relative change estimates were calculated using 
the bootstrapping method.

Two-sided P≤0.05 was considered as statistically significant. SAS 
version 9.1 (SAS Institute Inc, USA) was used for statistical analyses.

RESULTS
Baseline characteristics
From fiscal year 1994 to 2005, a total of 1.3 million ACS hospitaliza-
tions were evaluated. In 1994, the mean age of ACS patients was 
67 years and 30% were older than 75 years. In 2005, the mean age was 
69 years and 40% were older than 75 years (Table 1). An increasing 
trend in the proportion of diabetic patients and the number of comor-
bidities for patients who were hospitalized with ACS was also observed 
(all P<0.001). The proportion of female patients hospitalized with 
ACS did not change substantially over this time period (Table 1). The 
length of stay for an ACS hospitalization also declined significantly 
during the study period from a median length of stay of six days (inter-
quartile range three to 10 days) in 1994 to four days (interquartile 
range two to seven days) in 2005 (Table 1) (P<0.001).

Trends in ACS, myocardial infarction and unstable angina 
hospitalization
Figure 1 shows age- and sex-standardized hospitalization rates for 
ACS, acute myocardial infarction and unstable angina from fiscal year 
1994 to 2005. In 1994, the age- and sex-standardized hospitalization 
rate of ACS was 508 per 100,000 persons. In 2005, the age- and sex-
standardized hospitalization rate for ACS was substantially reduced to 
317 per 100,000 persons. The relative reduction in ACS hospitaliza-
tion rate was 37.8%, comparing rates from 2005 and 1994, with an 
average annual relative decline in the rate of ACS hospitalization of 
3.9% (Table 2). In addition, a significantly greater decline in ACS 
hospitalization was observed during the latter part of the study period 
from 2000 to 2005 compared with 1994 to 1999 (P<0.001).

The decline in ACS was primarily driven by a larger decline in 
hospitalization rates for unstable angina (relative change 51.3%) com-
pared with a smaller decline in hospitalization rates for patients with 
myocardial infarction (relative change 21.8%) during the study period 
(Figure 1).

ACS hospitalization rate trends in different subgroups
Similar declining trends in ACS hospitalizations were observed 
among the subgroups of age and sex from 1994 to 2005 (all P<0.05 
for trend) (Figures 2 and 3, and Table 2). In 2005, the hospitalization 
rate for ACS was 391 per 100,000 for men and 249 per 100,000 for 
women. From 1994 to 2005, the average annual relative reduction in 
ACS hospitalization was similar for both men (3.9%) and women 
(3.8%). Similarly, each age group had a significant decline in ACS 
hospitalizations over the study period and, although older patients 
have substantially higher hospitalization rates for ACS, each age 
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group had a significant decline in ACS hospitalizations over the 
study period.

Across Canadian provinces, a reduction in overall hospitalization 
rates was also observed over time (Figures 3 and 4, and Table 2). Some 
variations in the magnitude of decline were observed across Canada, 
ranging from the largest average annual relative reduction of 4.2% in 
British Columbia to the smallest decline of 2.7% in New Brunswick, 
but no significant interaction between province and trend of ACS 
hospitalization was observed (interaction P=0.493). Examination of 
trends in Prince Edward Island was not possible because of the large 
year-to-year fluctuation in ACS hospitalizations. The overall annual 
relative trends for Manitoba and Saskatchewan could also not be cal-
culated because of incomplete data for the entire study period. 
However, available data also suggested declining trends of ACS hospi-
talizations in Manitoba (378 per 100,000 in 1994, and 307 per 100,000 
in 2005) and in Saskatchewan (448 per 100,000 in 1998, and 387 per 
100,000 in 2005).

DISCUSSION
The main finding of our study was that hospitalization rates for ACS 
have decreased substantially over the past decade. We observed a 38% 
relative decrease and an annual relative decline of 3.9% in ACS hos-
pitalization rates over the past decade. These declines are significant 
considering that these rates almost doubled the 2.1% annual reduction 
observed in the WHO MONICA project (6). In addition, the decline 
in hospitalization rates was observed in all subgroups including those 
traditionally under-represented in randomized studies such as female 
patients and older patients.

We also observed a significant ‘east-to-west’ gradient in which 
eastern Canadian provinces had approximately 1.5-fold to twofold 
more ACS hospitalizations than western provinces. In previous evalu-
ations (15), we found that regional rates of smoking and obesity were 
the strongest determinants of geographical variation in cardiovascular 
death rates in Canada, and that the traditional cardiac risk factors 
explained 42% of the total variation. We hypothesized that higher 
rates of these risk factors in eastern Canadian provinces explain much 
of the east-to-west gradient in cardiovascular disease mortality and 
hospitalizations. Although the baseline rates of ACS hospitalizations 
varied substantially across Canada in our study, we observed that all 
provinces experienced a similar rate of decline in ACS hospitalizations 
during the study period.

Several epidemiological studies have focused on trends in myocar-
dial infarction and demonstrated small declines in recent years (2,16). 
In contrast, our study focused on ACS hospitalizations because the 
definition of acute myocardial infarction has changed drastically over 
the past decade (8). In 2000, national practice guidelines revised the 

definition of acute myocardial infarction, emphasizing the use of sensi-
tive cardiac biomarkers such as troponins (8). It has been predicted 
that this change in how myocardial infarction is defined may result in 
40% more myocardial infarction cases (17). As a result, our findings of 
a relatively small decline in hospitalization rates is probably an under-
estimation of the overall improvements in acute myocardial infarction 
incidence rates because it is likely that some patients who were hospi-
talized for unstable angina before the widespread use of troponin assays 
would have been diagnosed with a myocardial infarction in the follow-
ing years. It also implies that epidemiological studies focusing solely on 
acute myocardial infarction trends may obscure important changes in 
coronary artery disease trends (18).

Although our study was not intended to address the reasons behind 
the declining ACS hospitalizations, some hypotheses may be consid-
ered. First, there have been substantial reductions in the prevalence of 
major cardiovascular risk factors such as smoking, elevated total cho-
lesterol and high blood pressure (19-22). For example, a recent 
Ontario survey suggested that 66% of patients with hypertension in 
2006 had received treatment and achieved blood pressure control 
compared with 21% in 1992 (22). Another study has shown a substan-
tial reduction ranging from 30% to 50% in the number of daily smok-
ers in Canada in 2005 compared with the previous decade (20). These 
preventive efforts may have delayed the onset of ACS presentation to 
an older age group and thus explain, in part, our observation that an 

Figure 1) Age- and sex-standardized rates for acute coronary syndrome, 
acute myocardial infarction and unstable angina hospitalization rates in 
Canada, 1994 to 2005

Table 1
Demographics and baseline characteristics of hospitalized acute coronary syndrome patients*

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Age, years, mean ± SD 67±13 67±13 67±13 67±13 67±13 67±13 68±13 68±13 68±13 68±14 68±14 69±14
Patients older than 75 years, % 30 30 31 32 33 34 35 36 36 37 38 40
Female patients, % 39 39 39 39 39 39 39 39 38 38 38 39
Patients with diabetes, % 18 19 19 20 21 22 22 23 23 22 22 20
Charlson comorbidity index†, %

0 58 57 56 56 55 54 54 52 53 55 55 60
1 26 27 27 27 26 27 27 27 26 25 24 23
≥2 16 16 17 18 18 19 20 21 21 20 20 18

Length of stay, days, median 
(IQR) 

6 (3–10) 6 (3–9) 6 (3–9) 5 (3–9) 5 (3–8) 5 (3–8) 5 (3–9) 5 (3–9) 5 (3–8) 5 (2–8) 4 (2–8) 4 (2–7)

*Data were not available for Nova Scotia in fiscal year 1994, Saskatchewan for fiscal years 1994 to 1997, Manitoba for fiscal years 2001 to 2003, or Quebec in fiscal 
year 2005 because of high rates of missing health card numbers used to determine transferred patients. P values for trends <0.001 for all characteristics; †The 
Charlson comorbidity index is a composite score based on myocardial infarction, heart failure, peripheral vascular disease, cerebrovascular disease, dementia, 
chronic pulmonary disease, rheumatological disease, peptic ulcer disease, mild liver disease, diabetes, diabetes with complications, hemiplegia or paraplegia, renal 
disease, cancer, moderate or severe liver disease, metastatic cancer and AIDS/HIV infection. IQR Interquartile range
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increasing proportion of patients being hospitalized with ACS are 
older than 75 years (23).

Second, it is possible that the substantial decline in ACS hospi-
talizations may be, in part, related to our improved ability to 

diagnose ACS. The increasing use of cardiac catheterization, serum 
troponin assays and chest pain observation units might have reduced 
the misclassification of patients with noncardiac chest pain as hav-
ing ACS.

Third, there have been significant improvements in the treat-
ment of patients with established coronary artery disease. There has 
been widespread adoption of evidence-based therapies, including 
the use of acetylsalicylic acid, beta-blockers, angiotensin- converting 
enzyme inhibitors and lipid-lowering therapy in patients hospital-
ized with ACS, which has likely reduced recurrent ACS hospital-
ization rates (24-27). Cardiac invasive therapies such as 
percutaneous coronary interventions and coronary artery bypass 
surgery have also been adopted into routine practice for the treat-
ment of ACS patients; this has likely reduced the frequency of 
patients experiencing angina post-ACS (28,29). Furthermore, 
these therapies are also likely responsible for the improved mortal-
ity outcomes for patients after an acute myocardial infarction. A 
recent study (30) by our group found that the  in-hospital mortality 
rate for acute myocardial infarction in Canada declined from 
14.5% in 1994, to 9.7% in 2004, which translates to a 33.1% 

Figure 2) Age-standardized rates for acute coronary syndrome hospitaliza-
tions by sex in Canada, 1994 to 2005

Figure 3) Sex-standardized rates for acute coronary syndrome hospitaliza-
tions by age group in Canada, 1994 to 2005

Figure 4) Age- and sex-standardized rates for acute coronary syndrome 
hospitalization by province in Canada in 1994 and 2005. All hospitalization 
rates are standardized to the 1991 Canadian census. *Fiscal year 2004 
data; †Fiscal year 1995 data. AB Alberta; BC British Columbia; MB 
Manitoba; NB New Brunswick; NL Newfoundland and Labrador; NS 
Nova Scotia; ON Ontario; QC Quebec

Table 2
Change in acute coronary syndrome hospitalization rates 
stratified by age, sex and province*

Characteristics
average annual reduction, 

% (95% CI)
Relative reduction†,  

% (95% CI)
Overall 3.87 (3.86 to 3.88) 37.8 (37.2 to 38.4)
Male patients

All 3.90 (3.88 to 3.91) 39.0 (38.2 to 39.8)
20–49 3.38 (3.37 to 3.39) 35.5 (33.3 to 37.9)
50–64 4.66 (4.65 to 4.67) 44.9 (43.8 to 46.2)
65–74 4.23 (4.21 to 4.24) 40.4 (38.9 to 41.7)
≥75 2.17 (2.16 to 2.18) 25.2 (23.4 to 27.1)

Female patients
All 3.83 (3.82 to 3.84) 35.8 (34.8 to 36.9)
20–49 2.21 (2.20 to 2.22) 23.7 (18.0 to 27.9)
50–64 5.62 (5.61 to 5.63) 47.8 (45.9 to 49.4)
65–74 5.11 (5.10 to 5.12) 44.2 (42.5 to 45.8)
≥75 2.06 (2.05 to 2.07) 22.2 (20.4 to 23.9)

Province
NL 3.43 (3.42 to 3.44) 30.1 (26.2 to 34.0)
PEI ‡ ‡

NS 3.51 (3.50 to 3.53) 33.2 (29.9 to 36.1)
NB 2.68 (2.67 to 2.69) 23.3 (19.5 to 26.7)
QC 3.23 (3.22 to 3.24) 27.8 (26.6 to 28.9)
ON 3.96 (3.94 to 3.97) 36.8 (35.9 to 37.6)
MB ‡ 21.6 (17.8 to 25.2)
SK ‡ ‡

AB 3.09 (3.08 to 3.09) 31.4 (28.9 to 33.5)
BC 4.22 (4.21 to 4.23) 37.0 (35.3 to 38.6)

Age in years presented for male and female patients. *Overall and provincial 
hospitalization rates adjusted for age and sex using Canadian 1991 census 
data; †Relative changes calculated by comparing acute coronary syndrome 
hospitalization rates in fiscal year 1994 with fiscal year 2005, except for Nova 
Scotia (relative changes calculated by comparing rates in 1995 with 2005) and 
Quebec (relative changes calculated by comparing rates in 1994 and 2004); 
‡Calculation was not possible because of incomplete data for the entire study 
period. AB Alberta; BC British Columbia; MB Manitoba; NB New Brunswick; 
NL Newfoundland and Labrador; NS Nova Scotia; ON Ontario; PEI Prince 
Edward Island; QC Quebec; SK Saskatchewan
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decline over this time period. Because ACS is a major indication 
for both cardiac catheterization and associated revascularization 
procedures, a continuous decline in ACS rates may result in a 
reduction in the need for percutaneous coronary intervention and 
coronary artery bypass surgery procedures in the future.

Studies from the late 1990s demonstrated an improvement in pri-
mary prevention of cardiovascular risk factors and improved treatment 
of patients after ACS associated with evidence-based therapies 
(21,22,24,27-29). These treatment advances, in concert with an 
improvement in ACS diagnosis due to the advent of troponin assays in 
early 2000, may have resulted in a significantly greater decline in ACS 
hospitalization occurring in the latter half of our study period.

On the other hand, it has been suggested that the aging of the 
population, and the rapidly increasing prevalence of obesity and diabe-
tes are beginning to exert a major negative impact on coronary artery 
disease (31). Therefore, future epidemiological evaluations of ACS 
trends, and ongoing efforts to promote primary and secondary preven-
tion will be important to ensure continuing declining trends.

Several limitations of our study merit consideration. First, the shift 
from ICD-9 to ICD-10 occurred during the study period, with 
Canadian provinces adopting ICD-10 at different points in the study 
period. However, the conversion between ICD-9 and ICD-10 codes 
has been validated in the United States, demonstrating that codes for 
coronary artery disease admission are comparable (2). Furthermore, we 
also conducted internal data validation using the GRACE registry and 
found that the administrative data coding accuracy rates of the ICD 
codes were similar between the two versions. Second, we were unable 
to study the secular trends of ST segment elevation myocardial infarc-
tion and non-ST segment elevation myocardial infarction on a 
national level because these data are currently not available from 
administrative sources.

SUMMARy
We observed a substantial decline in the hospitalization rates of ACS 
over the past decade in Canada. This is likely attributable to improve-
ments in primary and secondary prevention of coronary artery disease. 
Future epidemiological evaluations of ACS trends are essential to 
ensure continuing declining trends, given the aging of the population 
and the emerging obesity and diabetic epidemics.
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