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Canadian patients with cardiovascular disease (CVD) are at risk for

significant morbidity and mortality related to CV events such as

myocardial infarction and stroke. The magnitude of the health prob-

lem is substantial, with 419,000 hospitalizations and over 74,000

deaths annually due to disease of the circulatory system (1).

Strong evidence exists to support the use of combination therapy

with statins, acetylsalicylic acid (ASA) and angiotensin-converting

enzyme inhibitors (ACEI) in patients with CVD and/or diabetes to

reduce the risk of CV events. Evidence-based estimates have indicated

that the use of all such therapies may result in substantial reduction in

the risk associated with CVD (2,3). This evidence has been incorpo-

rated into multiple clinical practice guidelines and the importance of

optimal treatment has been recognized as part of good clinical practice

(4-7). However, current practice patterns indicate a significant and

ongoing care gap in the management of patients with CVD by

Canadian physicians (8-10).

This care gap exists despite continuing medical education, which is

now an integral part of physician licensing to practice. Thus, a call to

action is needed with specific quantitative data to energize Canadian

physicians toward optimal management of their high-risk patients.

The objective of the present study was to quantify the reduction in

CV events that may be obtained with the use of combination statin,

ASA and ACEI therapy in Canadians over the age of 50 years who are

at high risk of CV events.

METHODS
The present analysis used a state transition cohort model using

Canadian population data to predict the incidence of CV events based

on patient risk factor profile and treatment. Patients enter the model at

a given age and with a given profile of CV risk factors. Each year, a

patient may experience a fatal or nonfatal stroke or myocardial infarc-

tion (MI), die of other causes or remain disease-free. Probabilities of

events were based on Framingham risk equations (further detail pro-

vided in step 3, below). The process continued for the 10-year time

horizon. Patients were limited to one event per year, but may have mul-

tiple events during the model. The analysis compared CV outcomes
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BACKGROUND: Strong evidence exists to support the use of statins,

acetylsalicylic acid (ASA) and angiotensin-converting enzyme inhibitors

(ACEI) in patients at high risk of cardiovascular (CV) events; however,

current practice pattern data indicate that a significant care gap exists

between evidence and practice.

OBJECTIVES: To quantify the reduction in CV events that may be

obtained with the optimal use of vascular protection therapy in Canadians

at high risk of cardiovascular events.

METHODS: Canadian Community Health Survey data from 2003 were

used to estimate the prevalence of heart disease and/or diabetes, which

were applied to an age-specific population in Canada to calculate the total

number of high-risk patients. The number of events over 10 years was esti-

mated using a state transition model, published risk equations, practice

pattern data from Canadian registries and published therapy efficacy from

clinical trials.

RESULTS: Among 2.2 million high-risk Canadians, current care with

statin, ASA and ACEI therapy has reduced the estimated occurrence of

CV events over the next 10 years by approximately 400,000 from 1.01 mil-

lion. Universal use of combination statin, ASA and ACEI therapy for

high-risk patients, compared with current care, would prevent as many as

143,000 more CV events over the next 10 years.

CONCLUSIONS: Great advances in the management of CV disease have

been made; however, CV disease remains a substantial burden to patients

and to the Canadian health care system. Canadian physicians have the

opportunity to further reduce this burden through optimal management of

high-risk patients based on clinical guidelines.

Key Words: ACE inhibitors; Acetylsalicylic acid; Canadian health care

system; Death; Myocardial infarction; Stroke

Combien d’événements cardiovasculaires peut-
on prévenir avec une prise en charge optimum
chez les Canadiens à risque élevé?

HISTORIQUE : Des preuves solides appuient l’utilisation des statines, de

l’acide acétylsalicylique (AAS) et des inhibiteurs de l’enzyme de

conversion de l’angiotensine (IECA) chez les patients exposés à un risque

cardiovasculaire (CV) élevé. Or, les données sur les modes de pratique

actuels indiquent un important fossé entre ces preuves et la pratique.

OBJECTIFS : Quantifier la réduction des événements CV qu’il est possible

d’obtenir avec une utilisation optimum des traitements vasculoprotecteurs chez

les Canadiens exposés à un risque élevé de complications cardiovasculaires.

MÉTHODES : Les données tirées de l’Enquête sur la santé dans les

collectivités canadiennes pour 2003 ont servi à estimer la prévalence de la

maladie cardiaque et/ou du diabète qui a été appliquée à la population

spécifique à l’âge au Canada afin de calculer le nombre total de patients à risque

élevé. Le nombre d’événements sur une période de dix ans a été estimé à l’aide

d’un modèle de transition d’état, d’équations de risque publiées, de données sur

les modes de pratique provenant de registres canadiens et en tenant compte de

l’efficacité des traitements révélée par la publication d’études cliniques.

RÉSULTATS : Pour 2,2 millions de Canadiens à risque élevé, le traitement

actuel par statine, AAS et IECA a ramené l’occurrence estimée des

événements CV au cours des dix prochaines années d’environ 1,01 million à

400 000. L’utilisation universelle d’un traitement d’association par statine, AAS

et IECA chez les patients à risque élevé, comparativement aux soins actuels,

préviendra jusqu’à 143 000 complications CV de plus au cours des dix

prochaines années. 

CONCLUSION : La prise en charge de la maladie CV a fait de grands

progrès. Par contre, la maladie continue de représenter un fardeau

substantiel pour les patients et pour le système de soins de santé canadiene.

Les médecins canadiens ont la possibilité d’alléger davantage ce fardeau en

observant les directives cliniques pour la prise en charge optimum des

patients à risque élevé.
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from three cohorts treated with current usual care, combination statin,

ASA and ACEI therapy (optimal therapy), and patients not receiving

any statin, ASA or ACEI therapy (no therapy).

Step 1 included the estimation of the prevalence of conditions

that placed a patient at high risk of CV events and the calculation of

the number of high-risk patients in Canada. Step 2 involved defining

current usual care in Canada and the comparator therapies. Step 3

included the calculation of the 10-year CV event risk for patients

receiving current usual care in Canada and the expected number of

CV events. Step 3 involved defining high-risk patients and current

usual care in Canada. Step 4 involved calculating the reduction in the

number of CV events with therapy.

Step 1: Number of high-risk Canadians (Table 1)
High-risk patients were defined as those over the age of 50 years with

one or more of the following conditions: diabetes, a history of MI or

stroke. Although certain patients with multiple risk factors, such as

hypertension, smoking or dyslipidemia, can be considered to be at

high-risk for CV events, such patients were excluded to be conserva-

tive in study estimates. In addition, the analysis does not explicitly

include patients with peripheral vascular disease (PVD) due to the

lack of data on its prevalence in the absence of diabetes, coronary

artery disease (CAD) or cerebrovascular disease (CeVD). Reported

rates of PVD could not be used because there is a substantial copreva-

lence of PVD with diabetes, CAD and CeVD.

Published Canadian and United States CVD prevalence estimates

rely on patient self-reported data (11,12). A similar method was used

in the present study. The Canadian Community Health Survey

(CCHS) cycle 2.1 data for 2003 were analyzed to determine the

prevalence of high-risk patients. The CCHS, which has been con-

ducted by Statistics Canada every two years since 2000, provides an

estimate of health status and health care system use among household

residents across Canada. The 45 min interviewer-administered ques-

tionnaire collected self-reported data on a wide range of health issues,

including history of diabetes, heart disease or stroke, as well as smok-

ing status, and has been validated against other community surveys.

The 2003 dataset included responses from 134,072 people across

Canada, 58,895 of whom were older than 50 years of age (13).

Positive responses to questions regarding history of diabetes, heart

disease or stroke were used to estimate the prevalence of patients with

diabetes alone, a history of MI or stroke but without diabetes, and dia-

betes and a history of MI or stroke. The total number of patients at

high risk was calculated by multiplying the prevalence of patients in

each of the three groups, as estimated from the CCHS, with the age-

specific population in Canada (14). Growth in the high-risk popula-

tion was based on Statistics Canada estimates (15) of 29% growth for

the Canadian population over 50 years of age from 2006 to 2016 using

a medium-growth scenario. Because reliable estimates of change are

lacking, this estimate of growth in the high-risk population did not

consider possible increases in the prevalence of diabetes, heart disease

or stroke.

Step 2: Treatment groups (Table 2)
The analysis considered three treatment groups for high-risk patients:

optimal therapy consisting of ASA, ACEI and statins, current use of

statin, ASA and ACEI therapy, and no therapy. Current usual care

with statin, ASA and ACEI therapy was based on patients enrolled in

the Vascular Protection (VP) and Guidelines Oriented Approach in

Lipid Lowering (GOALL) registries (9,10). The VP registry included

patients from 278 family medicine practice and specialty practices

across Canada, with data collected from December 2001 to November

2004. All patients in the registry were at high risk for CV events; the

majority had clinically overt vascular disease and the remaining

patients had diabetes with at least one additional CV risk factor (9).

The GOALL registry included patients from 254 family medicine

practice and specialty practices across Canada, with data collected

from December 2002 to December 2004 (10). Patients in both reg-

istries were at high risk for CV events; the majority had clinically

overt vascular disease and the remaining patients had diabetes with at

least one additional CV risk factor. The majority of patients were

receiving at least one of statin (75%), ASA (75%) or ACEI (56%)

therapy at baseline; however, combination therapy with all three

agents was used by only 36% of patients (Table 2).

It was assumed that these patients are representative of high-risk

patients in Canada. The patients in the registry were a median of

66 years old, 65% were male, 35% had a previous MI, 27% had previ-

ous unstable angina, 19% had a previous coronary bypass surgery, 8%

had congestive heart failure, 18% had a previous stroke or transient

ischemic event, and 56% had diabetes mellitus.

Step 3: Number of CV events in patients receiving current
usual care
The analysis estimated the expected number of CV events, including

MI, stroke and death due to CAD, over the next 10 years in the

absence of competing mortality. Ten-year event risks were estimated

using Framingham Heart Study risk equations from the report by

D’Agostino et al (16) for CAD death and MI in patients with CAD or

CeVD, Anderson et al (17) for CAD death and MI in patients with-

out CAD or CeVD, and Wolf et al (18) for stroke in all patients.

Stroke risk was divided into fatal and nonfatal stroke, based on a study

of stroke survival in the Framingham cohort (19).

The risk equations required estimates of the values for a number of

risk factors, such as systolic blood pressure and total cholesterol. The

average values for all Canadians at high risk of CV events were not

known. Instead, the analysis used risk values from the VP registry as a

TABLE 1
Proportion of patients with one or more of the following
conditions: diabetes, heart disease or stroke (based on
the Canadian Community Health Survey data set)

Age (years) Men (%) Women (%)

50–54 12.3 9.0

55–59 18.5 12.3

60–64 24.7 18.1

65–69 30.1 22.3

70–74 36.2 26.9

75–79 40.3 32.7

80+ 40.8 35.9

TABLE 2
Use of statin, acetylsalicylic acid (ASA) and angiotensin-
converting enzyme inhibitor (ACEI) therapy in the
Vascular Protection (VP) and Guidelines Oriented
Approach in Lipid Lowering (GOALL) registries at
baseline, and estimation of weighted relative risk
reduction (RRR) for current usual care

Estimated 
RRR for each Weighted

Frequency therapy versus RRR
Therapy of use (A), % no therapy (B), % (C=A××B), %

No therapy (n=519) 5.42 0 –

ASA only (n=777) 8.11 22 1.78

Statin only (n=783) 8.17 24 1.96

ACEI only (n=327) 3.41 22 0.75

ASA and statin (n=2181) 22.76 41* 9.27

ASA and ACEI (n=735) 7.67 39 3.00

Statin and ACEI (n=791) 8.26 41 3.36

Statin, ASA and 36.2 54 19.46

ACEI (n=3468)

Total (n=9581) 100.0 – 39.58

Values have been rounded for display. *For example, calculated as
RRR=1–(0.78×0.76)
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proxy for risk values for all Canadians at high risk (9). The risk values

from the VP Registry included the proportion of patients with

atrial fibrillation (3.2%), left ventricular hypertrophy (3.94%) and

hypertension requiring medication (70%), as well as mean values for

systolic blood pressure (130 mmHg for nondiabetics and 132 mmHg

for diabetics), total cholesterol (4.71 mmol/L for nondiabetics and

4.8 mmol/L for diabetics), high-density lipoprotein (1.19 mmol/L for

nondiabetics and 1.12 mmol/L for diabetics) and glycosylated hemo-

globin (7.3%).

Ten-year event risks were estimated using the following data

assumptions. Three age cohorts were run: age of 55 years for patients 50

to 59 years old, age of 65 years for patients 60 to 69 years old, and age of

74 years for patients 70 years or older. A higher average age for people

70 years or older could not be used because the risk equations are not

applicable to people older than 74 years. The proportion of patients who

smoke was obtained from the CCHS, and was age- and sex-specific. For

diabetic patients, the duration of diabetes was assumed to be 10 years.

Risk was not adjusted for events occurring during the model, such that

a high-risk patient with diabetes who suffered an MI would not face an

increased risk of CV events in subsequent years. This assumption is con-

servative; it underestimates the true number of events.

The 10-year event risks may, in theory, be applied directly to the

number of high-risk patients estimated in Step 1 to provide an esti-

mate of the number of CV events, assuming continued current usual

care with statin, ASA and ACEI therapy. However, this would over-

estimate the number of CV events in the population, because some

patients die of other causes before they have a CV event. To address

this concern, the 10-year risks were combined with non-CV mortality

rates within the state transition model.

Each year, the model allowed for nonfatal MI, nonfatal stroke,

fatal stroke, fatal CAD events or to death due to non-CV causes. The

annual probability of each CV event was calculated from the calcu-

lated 10-year risks according to P(t)=1 – exp(–μt), where P(t) is the

probability in a given time (t) and μ is the annual hazard rate (20).

The annual probability of non-CV death was calculated as: (annual,

age- and sex-specific Canadian mortality from all causes) (21) minus

(estimated annual probability of CAD death plus estimated annual

probability of stroke death). Male and female patients were grouped

into four age cohorts (55, 65, 75 and 85 years of age), resulting in a

total of eight cohorts considered in the analysis. The number of

patients in each cohort was based on the number of men or women at

high risk of CV events between the ages of 50 and 59 years, 60 and

69 years, 70 and 79 years, and 80 and 100 years, as estimated in Step 1.

That is, the cohort of patients ‘males, 55 years’ was used to approxi-

mate the number of events and deaths for all men between 50 and

59 years of age. The number of patients in the cohort ‘males, 55 years’

was equal to the number of high-risk men 50 to 59 years of age esti-

mated in Step 1.

Step 4: Reduction in events with therapy
Each therapy is known to reduce the rate of CV events. The model used

relative risk reduction (RRR) for all CV events comparing each therapy

with placebo; RRR was 24% (95% CI 19% to 28%) for statins, based on

the Heart Protection Study (HPS) (22), 22% (95% CI 18% to 26%) for

ASA, based on a published meta-analysis (23), and 22% (95% CI 14% to

30%) for ACEI, based on the Heart Outcomes Prevention Evaluation

(HOPE) study (24). It should be noted that the HOPE study included

patients with a history of angina, and HPS included patients with a history

of angina or hypertension; as such, these patient populations might have

been at lower risk than the target population in this analysis.

RRR for each therapy were combined multiplicatively, assuming

that the effects were independent, as in previous studies (3,25,26). For

example, the RRR of combination statin, ASA or ACEI therapy com-

pared with no statin, ASA or ACEI therapy was estimated to be 54% for

all CV events based on combined RRR=1–(0.78×0.78×0.76), where

0.78 represents one minus the RRR with ASA or ACEI alone, and 0.76

represents one minus the RRR with statins alone.

The estimation of the RRR with current usual care involved deter-

mining combined RRR for each combination of the three therapies

used at the time. These RRR were then combined with the prevalence

of use for each therapy combination to calculate a weighted average

RRR of 39.6% for current usual care. For example, the RRR for

ASA + statin (1–[0.76×0.78]) was weighted by 22.76%, which is the

proportion of the VP Registry population using that combination (see

Table 2 for the calculations).

Based on the RRR of 39.6% for usual care versus no statin, ASA or

ACEI therapy (see Step 4) and the estimated number of events with

usual care (see Step 2), the number of events with no therapy was

back-calculated. Finally, the number of events with optimal therapy

was calculated by applying the RRR with triple therapy compared

with no statin, ASA or ACEI therapy (see Step 4) with the calculated

number of events with no statin, ASA or ACEI therapy.

Sensitivity analyses
A number of analyses were conducted to test the sensitivity of the

results to the uncertainty in the model parameters. Four key areas of

uncertainty exist in the analysis: the size of the high-risk population,

the current use of statin, ASA and ACEI therapy, the risk of CV

events and the RRR with therapy.

For estimates of the population prevalence of diabetes, CAD and

CeVD, the CCHS represents a well-documented source of data.

However, self-reporting of diabetes is thought to result in under-

reporting of true prevalence. The prevalence of diabetes based on

health care resource use (laboratory data, hospital admission diagnosis

and prescription data), as reported in the Institute for Clinical

Evaluative Sciences (ICES) Practice Atlas (27), was used as an alter-

native. An estimate of CAD or stroke prevalence that was not self-

reported could not be found for use in the sensitivity analysis.

Alternative estimates of current statin, ASA and ACEI therapy in

Canada with sufficient detail to allow the calculation of a weighted

average RRR could not be found in the published literature. This uncer-

tainty is further reviewed in the discussion. The Framingham equations

are thought to underestimate event risk in diabetic patients; therefore,

the United Kingdom Prospective Diabetes Study (UKPDS) risk equa-

tions, which may be more applicable to diabetic patients, were used in a

sensitivity analysis to estimate risk in diabetic patients (28-31). A lower

and upper range for the event risk was also tested by increasing or

decreasing the event risk from the base case analysis by 20%.

Given the possibility of lower-risk patients in the HOPE and HPS

studies, the true impact of these therapies on CV event risk is uncer-

tain. The impact of uncertainty in the RRR associated with current

usual care and with combination therapy was also tested using the

upper and lower 95% CI for ASA, statin and ACEI therapy from their

respective trials (22-24).

RESULTS
Number of Canadians at high risk of CV events
Age- and sex-specific prevalence of patients having one or more of

diabetes, heart disease and stroke from the analysis of the CCHS is

provided in Table 1. The analysis found that diabetes with no history

of heart disease or stroke was the main reason for inclusion in the

high-risk group at younger ages. For example, 57% of the high-risk

male group included patients with only diabetes at 50 to 54 years of

age, with the proportion falling to 50% at 65 to 69 years of age and to

34% by 80 years of age or older (data not shown). The proportion of

male diabetic patients who also had a history of stroke or heart disease

increased with age, to a high of 42.3% of all diabetic patients at age

80 years or older. Similar trends were observed for high-risk female

patients. The overall prevalence of one or more of these conditions in

patients 50 years or older was 22.4% (data not shown).

The total number of Canadians at high risk by age and sex is provided

in Figure 1. Overall, there are 2.2 million Canadians 50 years of age or

older at high risk of future CV events. Of those at high risk, 52% are male;

however, in men, the peak prevalence is in the late 50s, while in women,

How many cardiovascular events can be prevented?
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the peak prevalence is in the late 70s. Given the expected growth in the

Canadian population older than 50 years of age (15), the number of

high-risk Canadians can be expected to increase by approximately

65,000 each year to 2.9 million by 2016. This does not consider the

impact of societal changes in lifestyle, which are also expected to inde-

pendently increase the prevalence of diabetes and heart disease in

Canadian people over 50 years of age, or the impact of ongoing immi-

gration of individuals from high CV risk countries into Canada.

Number of CV events within this population
The total numbers of events that are predicted to occur in high-risk

patients over the next 10 years are shown in Table 3. It is estimated

that 609,805 CV events, including 160,732 deaths due to stroke or

CAD, will occur over the next 10 years among the 2.2 million high-

risk Canadians over the age of 50 years, assuming treatment patterns

remain similar to those observed in the VP Registry.

Reduction in events with triple combination therapy
Current usual care with statin, ASA and ACEI therapy has reduced the

number of CV events from an estimated 1.01 million to just over

600,000 over the next 10 years, compared with no use of these agents

(Figure 2). However, of the 2.2 million high-risk patients, approxi-

mately 64% (1.4 million) do not receive triple combination therapy. It

is estimated that an additional 143,042 CV events, including 37,703

CV deaths, can be prevented over the next 10 years by treating all high-

risk Canadians over the age of 50 years with combination statin, ASA

and ACEI therapy from current usual care (Table 3). Both of these esti-

mates of reduction assume that statins, ASA and ACEI have similar

effects in clinical practice as their efficacy demonstrated in trials.

To close this care gap over the next five years, 1.4 million of the

current 2.2 million high-risk patients need to move to triple combina-

tion therapy. This represents 286,000 high-risk patients per year. If the

expected growth in the high-risk population is considered, the number

of Canadians who need to start triple combination therapy would

increase to almost 350,000 annually.

Sensitivity analyses
An analysis based on an upper estimate of the prevalence of high-risk

patients was not calculated due to data limitations. However, when

just the higher diabetes prevalence from ICES was used, the number of

high-risk Canadians increased by 200,000 and the number of avoided

events with optimal therapy increased by 12,000 (Table 4). The analy-

sis was sensitive to the estimation of event risk. When the UKPDS

equations were used for diabetic patients without CAD, the total

number of events increased 10.6% and there was a corresponding

increase in the incremental benefit with triple combination therapy to

approximately 158,231 averted events. When event risk was increased

20%, the incremental benefit of triple combination therapy increased

to over 170,000. When event risk was decreased 20%, the incremen-

tal benefit declined to approximately 113,172.

Uncertainty in the RRR assumed with treatment also had a signif-

icant impact on the estimated benefit of combination therapy. When

the upper 95% CI for each therapy’s RRR were used, the incremental

benefit of triple combination therapy rose to more than 210,000

avoided events. When the lower 95% CI were used, the incremental

benefit decreased to just over 95,000.

Grima et al

Can J Cardiol Vol 24 No 5 May 2008366

TABLE 3
Predicted number of events over 10 years for patients on
current usual care or combination statin, acetylsalicylic
acid and angiotensin-converting enzyme inhibitor therapy

Events
averted

Triple with
No Current combination combination

Event therapy (n) care (n) therapy (n) therapy (n)

Myocardial infarction 376,282 227,306 173,987 53,319

Stroke 367,113 221,767 169,747 52,020

CAD or stroke death 266,076 160,732 123,029 37,703

Total 1,009,471 609,805 466,763 143,042

CAD Coronary artery disease

TABLE 4
Sensitivity analysis results

Events Events
High- with Events averted
risk current with with

patients usual combination combination
Analysis (n) care (n) therapy (n) therapy (n)

Base-case 2,246,005 609,805 466,763 143,042

Population prevalence 

ICES diabetes 2,460,631 662,932 507,428 155,503

prevalence

Event risk

UKPDS equation 2,246,005 674,559 516,328 158,231

20% lower event risk 2,246,005 482,467 369,295 113,172

20% higher event risk 2,246,005 740,195 566,568 173,627

Relative risk reduction

Lower 95% CI 2,246,005 609,805* 514,696 95,109

Upper 95% CI 2,246,005 609,805* 399,220 210,585

*The number of events does not change because these were calculated from
the risk factor profile using the risk equations. ICES Institute for Clinical
Evaluative Sciences; UKPDS United Kingdom Prospective Diabetes Study
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Figure 1) Estimated number of Canadians, by age and sex, who are at high
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0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

No therapy            Current care         Triple therapy

N
um

be
r o

f C
V 

ev
en

ts

Figure 2) Estimated number of cardiovascular (CV) events among 2.2 mil-

lion high-risk Canadians over the next 10 years. Current care includes cur-

rent levels of statin, acetylsalicylic acid and angiotensin-converting enzyme

inhibitor use. Triple therapy assumes combination use of statin, acetylsali-

cylic acid and angiotensin-converting enzyme inhibitor therapy
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DISCUSSION
Canadian physicians have made significant advances in the manage-

ment of CVD by reducing the estimated 10-year occurrence of CV

events by approximately 400,000 from 1.01 million through the cur-

rent use of statin, ASA and ACEI therapy. However, there remains a

considerable care gap in the treatment of high-risk patients. The VP

registry, which provided a cross-country practice pattern audit, found

that only 36% of high-risk patients are currently on combination

statin, ASA and ACEI therapy, in contrast to current guidelines that

recommend such therapy for all high-risk patients (4-7,9,10). The

present study indicates that this care gap will result in as many as

143,000 preventable CV events over the next 10 years.

Our goal in the coming years should be to close the current care

gap by promoting practices consistent with the current guidelines. To

close the gap over the next five years requires that approximately 13%

of all high-risk patients annually, or 286,000 patients, move to combi-

nation statin, ASA and ACEI therapy. If we consider the expected

growth in the high-risk population, the number of Canadians who

need to start triple combination therapy would increase to almost

350,000 annually.

Previous studies (25,26,32,33) using CVD models have also esti-

mated the reduction in CV event risk with combination therapy in

cohorts of high-risk patients in the United States and the developing

countries. The strength of the present study for Canadian decision

makers is that it used Canadian epidemiological and practice pattern

data. In addition, it projected the benefit of combination therapy to

the entire Canadian population of high-risk patients to quantify the

current care gap.

The analysis was subject to limitations common to all population

models, in that it combined data from numerous sources, and required

structural and data assumptions. Wherever possible, conservative

assumptions were made such that true event rates could be underesti-

mated. Four key areas of uncertainty were explored: the size of the

high-risk population, the current use of statin, ASA and ACEI ther-

apy, the risk of CV events and the RRR associated with therapy.

The focus of the study was the estimated 2.2 million Canadians

with diabetes or overt CVD. These patients are at highest risk of CV

events and their treatment would result in the largest absolute

decrease in events compared with other patient populations.

However, this patient population may not include all high-risk

patients and should not be considered to be inclusive of all patients

who may benefit from combination therapy. The analyses did not

include high-risk patients younger than 50 years, patients with

abdominal aortic disease or individuals with multiple risk factors in

the absence of diabetes or established heart disease. The study also

excluded patients with PVD; however, some PVD patients would be

expected to be captured among patients with diabetes, CAD or stroke.

In addition, the prevalence of high-risk patients was derived from the

CCHS, which under-reports the prevalence of diabetes compared

with resource use-based estimates. The CCHS may also under-report

the prevalence of stroke; the questionnaire specifically focuses on exis-

tence of disability due to stroke and not stroke occurrence itself. Many

strokes and transient ischemic attacks do not result in chronic disabil-

ity and, hence, might not have been reflected in CCHS estimates.

An analysis based on an upper estimate of the prevalence of high-

risk patients was not calculated due to data limitations. However,

when just the higher diabetes prevalence from ICES was used, the

number of high-risk Canadians increased by 200,000 and the number

of avoided events with optimal therapy increased by 12,000.

The analyses assumed that current usual care is reflected by the

usage observed in the VP Registry. The VP Registry reported usage of

75%, 75% and 56% for ASA, statin and ACEI, respectively, either

alone or in combination regimens (see Table 2). These may, however,

be higher than actual practice. Canadian studies have reported ASA

and antiplatelet therapy use to be 25% to 37% in patients with a his-

tory of CVD and/or diabetes, and as 60% to 64% in patients 90 days

after an MI (34,35). Similarly, statin use has been reported to be 25%

to 29% in patients with a history of CVD and/or diabetes, and 21% to

43% after an MI (35-38). Finally, use of ACEI has been reported to be

50% to 60% in patients with a history of CVD and/or diabetes, and

36% to 68% after an MI (34-36,38). Overall, the VP Registry appears

to have higher use of statin and ASA, while ACEI use is more repre-

sentative of actual practice. If this is correct, then the analysis has

under-represented the current gap in care and substantially fell short

of the true benefit of increased use of optimal therapy. The magnitude

of this additional benefit is not known; however, the sensitivity analy-

sis using a greater RRR with therapy, which found an increase in

avoided events of over 70,000, provides some sense of the added

events that can be avoided when the relative benefit of triple therapy

is increased.

The analysis considered only the reduction in events possible with

increased use of triple combination therapy. It is likely that current

usual care also includes suboptimal prescribing of these therapies and

that additional benefits can be obtained in currently treated patients by

encouraging the use of optimal therapeutic doses. This has not been

explored in the analysis but would be expected to increase the relative

benefit of triple combination therapy. In addition, the analysis assumes

that 100% compliance with triple combination therapy; however, it

should be noted that this is not possible due to contraindications and

intolerances. If compliance was lower, we would anticipate a smaller

reduction in events. However, the estimates of treatment effect are

based on clinical trials, in which compliance, while often superior to

that observed in ‘real-world’ settings, is still suboptimal and therefore

likely underestimates the ‘true’ treatment effect.

The analysis was constrained by a lack of clinical trial data on the

efficacy of combination therapy in high-risk patients. The analysis

used a simple method of multiplicatively combining relative risks.

This method produced more conservative estimates of combined RRR

than if an additive method were used. For example, the additive RRR

for triple therapy would be 72% compared with 54% for the multi-

plicative method. Further research is required to validate this assump-

tion. However, there is strong evidence showing that combinations of

the agents do convey greater RRR than use of the single agents (2).

For example, a meta-analysis by Hennekens et al (39) found a 31%

reduction in MI for statin plus ASA versus ASA alone, and 26% for

statin plus ASA versus statin alone. The relative reductions for these

combinations in the present study are comparable but lower, at 24%

and 22%, respectively.

The analysis also assumed that statins, ACEI and ASA have simi-

lar effects in clinical practice to their efficacy demonstrated in trials.

Effectiveness in actual practice can differ from efficacy in trials due to

greater variability in a number of factors. For example, prescribing is

conducted by a large group of physicians with varied backgrounds,

training, experience and therapeutic preferences. These physicians

prescribe the drug to a more heterogeneous group of patients, who

undergo less frequent and intensive management than a trial popula-

tion (40).

The analysis used the best available Canadian data, and in situa-

tions of parameter uncertainty, conservative assumptions were used.

These conservative assumptions help to balance other factors not

included in the combination therapy scenario, such as suboptimal dos-

ing, patient noncompliance and contraindications to the therapies.

Overall, the base-case analysis likely provides a conservative estimate

of the gains Canadian clinicians have made thus far and the possible

additional gains that can be achieved.

By quantifying the current care gap, we have sought to stimulate

further dialogue on how greater implementation of the clinical guide-

lines may be achieved in the Canadian population.

CONCLUSION
Great advances in the management of CVD have been achieved

through current monotherapy and combined use of statin, ASA and

ACEI therapy for high-risk patients, reducing the estimated occurrence

of CV events over the next 10 years by approximately 400,000 from

How many cardiovascular events can be prevented?
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1.01 million, compared with no use of these agents. However, CVD

remains a substantial burden to patients and the Canadian health care

system. Canadian physicians have the opportunity to further reduce

this burden through more optimal management of high-risk patients

based on clinical guidelines. The universal use of combination statin,

ASA and ACEI therapy for high-risk patients, compared with current

use of 36%, will prevent as many as 143,000 CV events over the next

10 years.

Grima et al
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