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ABSTRACT

Background
The TNT study compared high dose atorvastatin (80 mg) versus moderate atorvastatin (10 mg) treatment
in 10,001 patients with stable coronary heart disease (CHD), over 4.9 years. Intensive lipid-lowering with
atorvastatin (80 mg) reduced major cardiovascular events by 22%.

Objectives
To assess the cost-effectiveness of intensive lipid-lowering versus moderate lipid lowering treatment from
the perspective of the Canadian Ministries of Health.

Methods
A lifetime Markov model was developed to predict cardiovascular (CV) events, costs, survival, and
quality-adjusted life years (QALYs) for CHD patients receiving 80 mg versus 10 mg of atorvastatin.
Predictions were also made for 10- and 5-year horizons. Treatment-specific event risks were used until
five years. Beyond year five, equivalent CV risks were assumed for all patients. Medical-care costs and
post-event survival were estimated using Canadian data. Health utility scores were obtained from
published studies. Benefits and costs were discounted 5% annually. Probabilistic and deterministic
sensitivity analyses were performed.

Results
Treatment with atorvastatin (80 mg) over a lifetime horizon resulted in increased costs (Can$16,542 vs.
Can$15,365), survival (10.12 vs. 10.03 life years), and QALYs (7.71 vs. 7.61) per patient compared with
atorvastatin (10 mg), yielding an incremental cost-effectiveness of Can$12,946 per life year gained and
Can$11,969 per QALY. The incremental cost per QALY remained below Can$50,000 in 98.1% of 1000
simulations. Results were robust to variations in event hazard ratios, costs, health utility values, and
discount rate.

Conclusion
Intensive atorvastatin (80 mg) treatment is predicted to be cost-effective versus atorvastatin (10 mg) for
CHD patients in Canada.

Key words: Cardiovascular disease, atorvastatin, Markov model, cost-effectiveness, Canada
_____________________________________________________________________________________

ardiovascular disease (CVD) is the leading
cause of death in Canada accounting for 30%

of all deaths in 2004.1 CVD was responsible for
18% of all hospitalizations in 2001.2 CVD also

severely impacts a patient’s quality of life. In the
Canadian Community Health Survey (2000-
2001), 14% of men and 21% of women diagnosed
with CVD reported difficulty walking.3 This

C
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survey also showed that a total of 2.8 years of
health-adjusted life expectancy (i.e., life
expectancy modified by a health utility score to
give equivalent years of good health) and 4.5
years of life expectancy were lost due to CVD.3

The total annual cost of CVD in Canada was
estimated to be Can$20.1 billion annually in
2000.4 This includes both direct costs of treatment
and hospitalization and indirect costs such as the
loss of productivity due to premature mortality.
According to Health Canada’s Economic Burden
of Illness in Canada (1998)5 report, CVD was the
most costly diagnostic category of disease in
Canada, with total costs for CVD accounting for
11.6% (Can$18.5 billion) of the total cost of
illness in 1998. From 1992 to 2002, annual
expenditure for the management of ischemic heart
disease nearly doubled and total expenditure
exceeded Can$2.8 billion over the 10-year
period.6

Prevention of major cardiovascular (CV)
events by lowering low-density lipoprotein
cholesterol (LDL-C), using either diet or
medication, is a well known treatment strategy.7 A
recent meta-analysis of 62 studies (216,616
patients) including 24 randomized controlled trials
(126,474 patients) by Gould et al.8 found that for
every mmol/L reduction in LDL-C there was a
28.0% reduction in the relative risk of coronary
heart disease (CHD)-related mortality and a
26.6% relative risk reduction of CHD events.
Similarly, a previous meta-analysis of 14
randomized clinical trials by Baigent et al.9

showed that incidence of major coronary events,
stroke, and revascularization procedures was
reduced by one fifth, over a 5-year period, for
every mmol/L reduction in LDL-C, regardless of
the baseline LDL-C levels. Intensive statin
therapy to lower LDL-C levels further than the
previously recommended guideline of 2.59
mmol/L for patients with CHD has been the
subject of recent studies,10,11 including the Treat to
New Targets (TNT) study.12 Canadian
Cardiovascular Society guidelines from 2006 now
recommend lowering LDL-C below 2.0 mmol/L
in high-risk patients with pre-existing CHD.13

The TNT study12 was a prospective, double-
blind, randomized, controlled trial that compared
intensive lipid-lowering with 80 mg of
atorvastatin per day to moderate lipid lowering
with 10 mg of atorvastatin per day in patients with

pre-existing CHD. Patients with clinically evident
CHD-defined by the presence of previous
myocardial infarction (MI), a history of coronary
revascularization, or previous or current angina-
were recruited in 14 countries (1052 subjects were
randomized from Canadian sites). The patients,
10,001 in all, were followed for a median of 4.9
years.

LDL-C levels were reduced to a mean value
of 2.0 mmol/L for patients receiving 80 mg
atorvastatin, compared to 2.6 mmol/L for patients
receiving 10 mg.12 Patients receiving the 80 mg
daily dose of atorvastatin experienced a 22%
relative reduction (hazard ratio [HR]:0.78; 95%
confidence interval [CI]: 0.69 to 0.89; P<.001) in
the rate of major CV events, which included death
from CHD, non-fatal non-procedure-related MI,
resuscitation after cardiac arrest (RCA), and fatal
or nonfatal stroke. There was no difference
between the two groups for overall mortality.

Previous studies of the cost-effectiveness of
statin treatment in Canada have compared
treatments with different statins14 or statin
treatment with no treatment.15-17 It is currently
unknown whether intensive lipid-lowering with a
higher and more expensive atorvastatin dose is
cost-effective versus moderate lipid lowering with
a lower atorvastatin dose in the Canadian context.
Therefore, the objective of this study was to
assess the cost-effectiveness of intensive lipid-
lowering for patients with stable CHD treated
with 80 mg of atorvastatin per day versus 10 mg
of atorvastatin per day based on the results of the
TNT study from the perspective of the Canadian
Ministries of Health.

METHODS

Model Design
A Markov model with a lifetime horizon was
developed to predict major and minor CV events,
survival, costs, and quality-adjusted life years
(QALYs) in the Canadian context for CHD
patients treated with 80 mg versus 10 mg of
atorvastatin (Figure 1). Predictions for 5- and 10-
year model horizons were also made; patients
were assumed to continue with their original
atorvastatin dosages throughout the model. The
model comprises four health states: Stable CHD,
Single Major CV event, Double Major CV event,
or Death. All patients enter the model in the
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‘Stable CHD’ state. During each 1-year cycle,
patients can suffer a single (first) major CV event
resulting in a transition to the ‘Single Major CV
event’ state or suffer two major CV events within
the same year and transition to the ‘Double Major
CV event’ state. Patients may also remain in their
respective health states or die from any cause. A
major CV event was defined as MI, stroke,

congestive heart failure (CHF), RCA, or
revascularization either by coronary artery bypass
graft (CABG) or percutaneous coronary
intervention (PCI). A minor CV event, defined as
peripheral artery disease, transient ischemic
attack, or documented angina, can occur at any
point but will not cause transition of the patient to
a different health state.

FIG. 1 State-transition model for 80 mg of atorvastatin per day versus 10 mg of atorvastatin per day.
CHD: coronary heart disease
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Patient Population
The patient population in the model was assumed
to have similar characteristics as patients enrolled
in the TNT study;12 i.e., a mean age of 61 years,
with 18% being aged 70 or older, and 81% males.

Model Input Parameters
Annual event probabilities and hazard ratios were
based on TNT trial data (Table 1). First CV event
risks were treatment-specific for the first five
years, and these treatment specific five-year event
risks were extrapolated to ten years. Based on the
results of two long-term follow-up studies of
statin outcome trials,18,19 we assumed that the
event rates were constant over time between 5-
and 10-years. After year 10, it was assumed that
the major and minor CV event rate was equal in
both treatment strategies. Probabilities for second
events were not treatment-specific as rates were
reported to be similar across treatment groups, and

were based on TNT trial data pooled for patients
receiving 10 mg and 80 mg atorvastatin (Table
1).12 RCA events were not considered in the
second event analyses due to the low number of
events (51) observed in the TNT trial.

The base-case scenario assumed no
differences in event specific mortality between 10
mg and 80 mg atorvastatin since the TNT study
was not powered to detect differences in mortality
between treatment groups. Patients who did not
experience a major CV event (‘Stable CHD’ state)
were assigned an all-cause mortality rate corrected
for CHD mortality by subtracting deaths due to
acute MI, cerebrovascular diseases and CHF (non-
CHD mortality) (Table 2).20 Non-CHD mortality
rates were multiplied by a factor of 2 (mortality
multiplier)21 to account for the elevated mortality
in patients with stable CHD compared to the
general population (Table 2).

TABLE 1 Model input parameters: annual event probabilities

Clinical event probabilities
(per year)

10 mg
Atorvastatin
(Year 1–10)

80 mg Atorvastatin
(Range for DSA)

(Year 1–10)

Pooled 10 mg and 80
mg atorvastatin

(Year 10+)
Initial events

Myocardial infarction 0.0123 0.0094
(0.0075–0.0113)

0.0102

Stroke 0.0055 0.0043
(0.0029–0.0057)

0.0049

Chronic heart failure 0.0055 0.0037
(0.0025–0.0049)

0.0046

Revascularization 0.0350 0.0254
(0.0224–0.0283)

0.0302

Resuscitated cardiac arrest 0.0008 0.0009
(0.0001–0.0016)

0.0009

Peripheral artery disease 0.0108 0.0106
(0.0084–0.0127)

na

Transient ischemic attack 0.0041 0.0033
(0.0021–0.0046)

na

Documented angina 0.0264 0.0233
(0.0204–0.0264)

na

Subsequent events (occurring within 1 year of first event)*
Myocardial infarction followed by

Myocardial infarction 0.0489
Stroke 0.0147
Chronic heart failure 0.0440
Revascularization 0.3961
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Stroke followed by
Myocardial infarction 0.0191
Stroke 0.0813
Chronic heart failure 0.0048
Revascularization 0.0335

Congestive heart failure followed by
Myocardial infarction 0.0452
Stroke 0.0101
Chronic heart failure 0.1759
Revascularization 0.0955

Revascularization followed by
Myocardial infarction 0.0270
Stroke 0.0105
Chronic heart failure 0.0135
Revascularization 0.1349

*same for all model cycles; DSA: Deterministic sensitivity analysis; na: not available. Source: TNT trial data

TABLE 2 Model input parameters: annual event probabilities

Range for DSABase-case mortality
(per year)

Mortality rates (±SD)
High Low

Source

All-cause mortality Population-based age- and sex-
specific mortality

n/a n/a Statistics Canada20

Non-CHD mortality Population-based age- and sex-
specific mortality

n/a n/a Statistics Canada20

Mortality rates applied for the first year after major
event (per year)
Myocardial infarction Event-, age- and sex-specific

mortality
+/-10% across whole

survival curve
Johansen, 200222

Stroke Event-, age- and sex-specific
mortality

+/-10% across whole
survival curve

Holroyd-Leduc, 200023

Congestive heart
failure

Event-, age- and sex-specific
mortality

+/-10% across whole
survival curve

Jong, 200224

Revascularization Event-, and age- specific
mortality weighted by the
proportion of CABG /PTCA

+/-10% across whole
survival curve

Graham, 2002;25

CCNO26

Resuscitated cardiac
arrest

0.855 n/a Gwinnutt, 200027

Mortality multiplier
Stable CHD 2.0 (±0.306) 2.61 1.39 Lampe, 200021

Myocardial
infarction

3.7 (±0.510)
4.72 2.68

Lampe, 200021

Stroke 2.1 (±0.326) 2.75 1.45 Dennis, 199328

Congestive heart
failure 2.3 (±0.449) 3.20 1.41 Mosterd, 200129

Revascularization 2.0 (±0.306) 2.61 1.39 same as for stable CHD
Resuscitated cardiac
arrest 3.7 (±0.510) 4.72 2.67 same as for MI

n/a: not applicable; CCNO: Cardiac Care Network of Ontario; DSA: Deterministic sensitivity analysis; SD: standard deviation
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Patients who experienced a major event (i.e.,
MI, stroke, CHF, revascularization or resuscitated
cardiac arrest) were assigned event-specific
mortality rates for the first year post-event. For
patients experiencing a second major event during
the same model cycle, the mortality rate of the
first event was applied. Minor events were
assumed not to affect mortality.

For MI,22 stroke,23 and CHF,24 first-year post-
event mortality rates by age and sex were
estimated from Canadian literature values using a
best-fit algorithm (exponential interpolation) and
weighted by the proportion of males to females in
the model cohort. First-year post-event mortality
for revascularization was estimated from
Canadian literature values, for each age range25

and weighted by the current Canadian values for
the relative proportion of revascularization
procedures (CABG vs. PCI).26 For resuscitated
cardiac arrest, first-year post-event mortality was
based on a UK study.27 Patients who survived a
major event beyond the first year were assumed to
remain at higher mortality risk than patients with
stable CHD to account for the higher risk of death
for patients with a history of major CV events
compared to the general population.21,28,29 All-
cause mortality rates applied to patients surviving
the first year after a major event were based on
Canadian population data,20 and multiplied by
event-specific mortality multipliers for the
remaining model cycles (Table 2). In the case of
patients surviving two major events in one model
cycle (i.e., 1-year), the mortality multiplier of the
more severe event was used.

Costing and Utilities
Acute event costs, both for major and minor
events, were based on the Ontario Case Costing
Initiative (OCCI) 2006-2007 acute inpatient cost
data (Table 3).30 Each acute event cost was
defined as the total cost of hospitalization due to
that event, including overhead. The OCCI
database presents both direct and indirect costs of
hospitalization, and average length of stay in
hospital, for subcategories of each ICD10-CA
(International Classification of Diseases, tenth
revision, enhanced for Canada) diagnostic
category, or Canadian Classification of Health
Interventions (CCI) category. Costs were
weighted by the number of patients in each of the
subcategories resulting in a weighted average of
the total hospital cost per day (indirect and direct
costs); a weighted average of the length of
hospital stay for each diagnostic category (MI,
stroke, CHF, RCA, or revascularization (CABG
or PCI), peripheral artery disease, transient
ischemic attack, or documented angina) was also
calculated. Total cost of hospitalization for each
event was then calculated by multiplying the total
hospital cost per day by the length of hospital
stay. Atorvastatin costs were based on the 2007
Ontario Drug Benefit formulary.31

Health utility scores were obtained from
Sullivan et al.32 (Table 4). It was assumed that
Canadian and US patients have similar utilities.
Benefits and costs were discounted at 5%
annually, as recommended by the Canadian
Agency for Drugs and Technologies in Health
(CADTH) guidelines.33

TABLE 3 Model input parameters: annual event probabilities

Range for DSACosts (Can$2007) Base-case
High Low

Source

Atorvastatin Drug Costs
10 mg atorvastatin $607.36 $759.72 $455.83 Ontario Drug Benefit formulary31

80 mg atorvastatin $816.14 $1,020.87 $612.52 Ontario Drug Benefit formulary31

Major Events
Myocardial infarction event $10,578 $13,222 $7,933 Ontario Case Costing Initiative30

Stroke event $17,854 $22,317 $13,390 Ontario Case Costing Initiative30

Congestive heart failure
event $10,565 $13,207 $7,924

Ontario Case Costing Initiative30

Revascularization event
(weighted average) $12,758 $15,948 $9,569

Coronary artery bypass graft
(CABG) $23,411

Ontario Case Costing Initiative30
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Percutaneous transluminal
coronary angioplasty (PTCA)

$9,015 Ontario Case Costing Initiative30

Resuscitated cardiac arrest $20,640 $25,800 $15,480 Ontario Case Costing Initiative30

Minor Events
Peripheral artery disease

event $15,366 $19,207 $11,524
Ontario Case Costing Initiative30

Transient ischemic attack
event $4,010 $5,013 $3,008

Ontario Case Costing Initiative30

Documented angina event $4,046 $5,057 $3,038 Ontario Case Costing Initiative30

Revascularization Weights
CABG (weight) 0.26 0.3 0.2 Cardiac Care Network of Ontario26

PCI (weight) 0.74 n/a n/a Cardiac Care Network of Ontario26

*total costs (direct plus overhead). DSA: Deterministic sensitivity analysis

TABLE 4 Base-case model input parameters: utilities

Range for DSABase-case
High Low

Stable coronary heart disease utility (baseline) 0.778 0.895 0.661
Utility Decrements

Myocardial infarction -0.127 -0.108 -0.147
Stroke -0.139 -0.118 -0.160
Congestive heart failure -0.147 -0.125 -0.169
Coronary artery bypass graft – 1st year* 0 -0.075 +0.075
Coronary artery bypass graft – post 1st year* 0 -0.075 +0.075
Percutaneous coronary intervention – 1st year* 0 -0.075 +0.075
Percutaneous coronary intervention – post 1st year* 0 -0.075 +0.075
Resuscitated cardiac arrest -0.101 -0.086 -0.116
Myocardial infarction and stroke -0.166 n/a n/a
Myocardial infarction and CHF -0.174 n/a n/a
Myocardial infarction and revascularization -0.127 n/a n/a
Stroke and CHF -0.186 n/a n/a
Stroke and revascularization -0.139 n/a n/a
CHF and revascularization -0.147 n/a n/a
Peripheral artery disease -0.104 -0.088 -0.119
Transient ischemic attack -0.121 -0.103 -0.140
Documented angina -0.117 -0.100 -0.135

*In the base-case assumed to be the same value as for stable coronary heart disease. DSA: Deterministic sensitivity analysis; n/a:
not applicable. Source: Sullivan, 200532

Sensitivity Analyses
Impact of the uncertainty of model input
parameters on the lifetime cost-utility of
atorvastatin 80 mg versus 10 mg was assessed
using deterministic and probabilistic sensitivity
analyses. A more conservative assumption was
made by limiting treatment specific event rates to
the first five years of the model, the extent of the
TNT trial. Subsequent (after 5 years) CV event
risks were based on TNT data pooled across the
doses. For the deterministic sensitivity analysis,
hazard ratios for the 80 mg atorvastatin dose were

varied around their base-case values for MI,
stroke, revascularization, resuscitation after
cardiac arrest, CHF, peripheral artery disease,
transient ischemic attack, and documented angina
by plus and minus two standard errors (SE) (Table
1). Mortality multipliers (+/- 2 SE) (Table 2),
event costs (+/- 25%) (Table 3), stable CHD
baseline utility (+/- 15%) and utility decrements
(+/- 15%) (Table 4) were also varied around their
base-case values. Discount rate was assessed at
0% and 3%. The proportion of revascularizations
that are CABG (CABG weight) was also varied
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between 0.2 and 0.3 (Table 3). Age, gender, and
event specific mortality rates for the year
following a CHD event were also varied, by +/-
10%. For the probabilistic sensitivity analysis, event
costs (standard deviation [SD]=15% of mean) and
mortality multipliers (for SDs, see Table 2) were
varied assuming Gamma distributions; utilities
(SD=15% of mean) and CABG weight (SD=15% of
mean) were varied assuming Beta distributions.
Trial-based event probabilities, mortality rates and
hazard ratios were varied using non-parametric
bootstrapping.

Values for each of these parameters were
randomly drawn 1000 times and the aggregate
costs and QALYs recalculated at each step
yielding a 95% confidence interval for the
incremental cost-effectiveness ratio (ICER).
Results are presented on a cost-effectiveness plane
and as a cost-effectiveness acceptability curve
indicating the probability of atorvastatin 80-mg
being cost-effective as a function of the societal
willingness to pay for a QALY gained.

RESULTS

Over a lifetime horizon, 0.073 fewer CV events
per patient were predicted to occur for patients

treated with 80 mg of atorvastatin compared to
those treated with 10 mg (Table 5). Patients in the
80 mg arm of the model were projected to live
0.091 years longer and have 0.098 more QALYs.
Total lifetime costs, including drug costs and the
costs of major and minor events, were
Can$16,542 per patient treated with 80 mg of
atorvastatin and Can$15,365 for patients treated
with 10 mg. The incremental drug costs of
atorvastatin 80 mg were Can$2,169 per patient, of
which a predicted 46% was offset by cost savings
resulting from the reduced number of major and
minor events in that arm. This resulted in an
overall cost difference of Can$1,177 per patient.
The incremental cost per QALY gained for 80 mg
of atorvastatin versus 10 mg was Can$11,969
(95% CI 5,469 to 40,531) and the incremental cost
per year of life gained (LYG) was Can$12,946.

The ICER decreased to Can$6,978/QALY
for the 10-year model horizon (Table 5) and
Can$5,128/QALY for the 5-year time horizon.
For the 10-year horizon, the cost savings
stemming from the reduced number of major and
minor events in the 80 mg atorvastatin arm rose to
offset 79% of the incremental drug costs.

TABLE 5 Base-case Results

Atorvastatin
80 mg

Atorvastatin
10 mg

Difference

Lifetime horizon
Number of major CHD events

Myocardial infarction 0.128 0.140 -0.013
Stroke 0.060 0.064 -0.004
Congestive heart failure 0.062 0.073 -0.011
Revascularization 0.388 0.435 -0.046
Resuscitated cardiac arrest 0.010 0.009 0.001
Total 0.648 0.721 -0.073

Life years 10.116 10.025 0.091
QALYs 7.710 7.611 0.098
Costs (2007 Can$)

Study drugs 8,262 6,093 2,169
Major events 5,518 6,402 -884
Minor events 2,761 2,869 -108
Total 16,542 15,365 1,177

Incremental cost per event averted (2007 Can$) 16,171
Incremental cost per life-year gained (2007 Can$) 12,946
Incremental cost per QALY
(2007 Can$) [95% CI]

11,969 [5,469 to 40,531]

10-year horizon
Number of major CHD events
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Myocardial infarction 0.082 0.101 -0.019
Stroke 0.038 0.045 -0.008
Congestive heart failure 0.038 0.053 -0.014
Revascularization 0.242 0.310 -0.068
Resuscitated cardiac arrest 0.007 0.006 0.001
Total 0.407 0.514 -0.108

Life years 7.273 7.240 0.034
QALYs 5.568 5.521 0.047
Costs (2007 Can$)

Study drugs 5,940 4,400 1,540
Major events 4,103 5,192 -1,089
Minor events 1,885 2,010 -125
Total 11,928 11,601 327

Incremental cost per event averted (2007 Can$) 3,032
Incremental cost per life-year gained (2007 Can$) 9,682
Incremental cost per QALY
(2007 Can$) [95% CI]

6,978 [dominant to 27,709]

5-year horizon
Number of major CHD events

Myocardial infarction 0.048 0.061 -0.013
Stroke 0.022 0.027 -0.005
Congestive heart failure 0.022 0.032 -0.009
Revascularization 0.142 0.187 -0.045
Resuscitated cardiac arrest 0.004 0.004 0.000
Total 0.238 0.311 -0.073

Life years 4.561 4.550 0.011
QALYs 3.507 3.489 0.018
Costs (2007 Can$)

Study drugs 3,725 2,765 960
Major events 2,636 3,427 -791
Minor events 1,123 1,200 -77
Total costs 7,484 7,392 92

Incremental cost per event averted (2007 Can$) 1,260
Incremental cost per life-year gained (2007 Can$) 8,241
Incremental cost per QALY
(2007 Can$) [95% CI]

5,128 [dominant to 32,902]

CHC: coronary heart disease; QALY: quality-adjusted life year; CI: confidence interval

Sensitivity Analyses
Sensitivity analysis was conducted using a more
conservative assumption with respect to event
rates. In this case, treatment specific event rates
were limited to the first five years of the model,
the extent of the TNT trial. After 5 years, CV
event risks were based on TNT data pooled across
the doses. This resulted in a cost per life year
saved of Can$25,406 and an ICER of
Can$22,457/QALY (95% CI: 12,994–72,479).

Deterministic sensitivity analysis for the
lifetime horizon showed that the model was
moderately sensitive to variations in the hazard
ratios for atorvastatin 80 mg versus 10 mg with
respect to MI, minor events, revascularization,

resuscitation after cardiac arrest, stroke and CHF
(Figure 2). The maximum ICER
(Can$19,570/QALY) was obtained when the
hazard ratio for MI was increased from the base-
case value of 0.765 to 0.920 (+2 SE); the
minimum ICER (Can$8,205/QALY) when the
hazard ratio for MI was decreased from the base-
case value of 0.765 to 0.610 (-2 SE). Event utility
decrements were varied about the base-case value
by plus or minus 15 percent giving a maximum
ICER of Can$16,859/QALY (with reduced event
utility decrements) and a minimum of
Can$9,278/QALY (with increased event utility
decrements). For event costs, the ICER varied
between Can$14,491/QALY and
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Can$9,448/QALY with a variation of 25% around
the base-case cost values. Varying the utility of
stable CHD (baseline utility) by 15% around the
base-case value resulted in the ICER varying from
Can$10,187 to Can$14,506. ICERs varied from
Can$13,537/QALY to Can$10,905/QALY if all
mortality multipliers were increased or decreased
simultaneously by 2 SE from their base-case
value. Model output showed little sensitivity to
the discount rate and the CABG weight (i.e., the
proportion of revascularizations that are CABG).
The model was not sensitive to a 10% variation in
age, gender, and event specific 1-year post-event
mortality rates. Probabilistic sensitivity analysis
predicted that the likelihood that the ICER would

be below Can$50,000/QALY was 98.1% for the
lifetime model horizon (Figure 3). That is, only 19
out of 1000 simulations resulted in an ICER of
above Can$50,000/QALY. For the 10-year
horizon this probability was 99.8% and for the 5-
year model it was 99.5%.

If the willingness to pay to gain one QALY is
Can$50,000, the probability that atorvastatin 80
mg is cost-effective is 98.1% (Figure 4). For a
willingness to pay of Can$70,000 per QALY
gained, the probability of atorvastatin 80 mg being
cost-effective rises to 98.8% (i.e., only 12 of 1000
probabilistic sensitivity analysis simulations gave
an ICER above Can$70,000 per QALY).

FIG. 2 Deterministic sensitivity analysis for the lifetime horizon. CABG: coronary artery bypass
grafting; CHD: coronary heart disease; CHF: congestive heart failure; DA: documented angina; MI:
myocardial infarction; PAD: peripheral artery disease; QALY: quality adjusted life year; RCA:
resuscitation after cardiac arrest; Revasc: revascularization; SE: standard error; TIA; transient ischemic
attack

$6,000 $8,000 $10,000 $12,000 $14,000 $16,000 $18,000 $20,000

MI 80 mg HR ± 2 SE
Event utility decrements ± 15%

Stroke 80 mg HR ± 2 SE
RCA 80 mg HR ± 2 SE
CHF 80 mg HR ± 2 SE

Event costs ± 25%
PAD 80 mg HR ± 2 SE

Stable CHF utility ± 15%
Revasc 80 mg HR ± 2 SE
Mortality multipliers ± 2 SE

DA 80 mg HR ± 2 SE
TIA 80 mg HR ± 2 SE

CABG weight 0.2 to 0.3
Discount rate 0% to 3%

CHF 1-year post event mortality ± 10%
MI 1-year post event mortality ± 10%

Revasc 1-year post event mortality ± 10%
Stroke 1-year post event mortality ± 10%

Incremental cost-effectiveness ratio (Can$/QALY)
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FIG. 3 Probabilistic sensitivity analysis - lifetime horizon. The line indicates the Can$50,000/QALY
threshold. QALY: quality-adjusted life year.
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FIG. 4 Cost-effectiveness acceptability curve indicating the proportion of simulations that result in a
cost-effective value from a willingness to pay Can$50,000 to gain a QALY. QALY: quality-adjusted life
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DISCUSSION

This study predicts that the treatment of Canadian
CHD patients with intensive lipid lowering
therapy using 80 mg of atorvastatin per day may
be cost-effective compared to treatment with the
lower dose of 10 mg of atorvastatin per day from
the perspective of the Canadian Ministries of
Health.

The results of this study are in agreement
with two recently published economic analyses of
80 mg atorvastatin versus 10 mg atorvastatin, both
of which were based on the TNT trial.34,35

Adapting the same model as used in this study to
local parameters, Taylor et al.34 arrived at a
lifetime incremental cost per QALY gained of
€9,500 in the UK, €21,000 in Spain and €15,000
in Germany, which is comparable to the ICER
reported here. Mark et al.35 reported an incremental
cost (including event-related hospitalization costs
and study drugs) per primary endpoint prevented
of US$8,964 over a mean of 4.9 years based on a
prospective economic substudy of 5,308 US
patients enrolled in the TNT trial.

Lipid-lowering using statins versus no
treatment was previously shown to be cost-
effective in Canada for both primary and
secondary prevention.14-17 The ICERS for
secondary prevention compared to no treatment,
depending on the type of statin, age, and the
number of risk factors, ranged from
Can$14,128/life year gained to Can$47,778/life
year gained for men, and between Can$18,217
and Can$114,614 for women (1996).14 Another
study used data provided by the Canadian Heart
Health Survey to estimate the risk of CVD in a
random sample of the Canadian population.15 A
cost-effectiveness ratio for treatment with
simvastatin versus no treatment was calculated for
each individual in the sample. Treatment with
simvastatin for secondary prevention was found to
be cost-effective at less than Can$50,000/life year
gained (1996) for 99.8% of men and 86.1% of
women. The Markov model presented here
resulted in an ICER of Can$9,667 per QALY
gained over a lifetime horizon. The probability
that the ICER will be below a threshold of
Can$50,000 per QALY was above 98%. The
ICER for a 10-year horizon was reduced to
Can$1,366 per QALY and for the 5-year horizon,

the 80 mg atorvastatin per day treatment was
dominant. These ICERs are similar to those
reported in other economic evaluations of statin
treatment in secondary prevention. Results from
this study must be viewed in the light of its
limitations. Ideally, the US utility values used in
the model would be replaced with Canadian
values. In addition, utility values for coronary
artery bypass graft and percutaneous transluminal
coronary angioplasty were assumed to be the
same value as for stable coronary heart disease.
This may result in an underestimate of the utilities
in these patients as these procedures may actually
increase quality of life. However, since the model
was only moderately sensitive to variation in
utility values, there should not be a significant
impact on the results generated.

The LDL-C level for patients at the start of
the TNT trial was required to be lower than 3.4
mmol/L. In clinical practice, patients may present
with higher LDL-C levels. In the CALIPSO study,
a cross-sectional observational study of statin
therapy in Canadian patients with
hypercholesterolemia, the mean LDL-C prior to
statin treatment was 4.3 mmol/L.36 It is possible
that the hazard ratios for patients with very high
LDL-C levels, treated with either dose of
atorvastatin, may differ from those described in
the TNT trial.

The costs for major and minor events were
based on the OCCI 2006-2007 acute inpatient cost
data,30 and include the total cost of hospitalization
due to that event including overhead (indirect
hospital costs). Hospitalization costs will vary
across Canada resulting in variations in cost-
effectiveness by region. In addition, only acute
event costs were taken into consideration; other
costs including rehabilitation, home care, and loss
of productivity may also have an impact on the
cost-effectiveness of intensive versus moderate
lipid lowering. However, there should not be a
significant impact on the results, since the model
was only moderately sensitive to variations in
event costs. Lipitor™ will no longer be under
patent in Canada in July 2010, which may result
in a reduction in drug price; this would lead to an
increase in the cost-effectiveness of the 80 mg
atorvastatin treatment.

Adverse experiences were not included in this
study; however, in the TNT study more
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patients allocated 80 mg of atorvastatin
experienced treatment related adverse events such
as myalgia, diarrhea, nausea and abdominal pain,
than those allocated 10 mg of atorvastatin (8.1%
vs. 5.8%, P<0.001, respectively).12 These types of
adverse events do not usually require costly
therapies and as such are unlikely to have a
significant impact on results generated by the
model. More patients randomized to atorvastatin
80 mg than to atorvastatin 10 mg discontinued
treatment (7.2% vs. 5.3%, P<0.001).12 Two recent
studies of patients receiving statins in Quebec
suggest that in a clinical practice setting
compliance rates may be lower than in clinical
trials,37,38 but no data is available comparing
compliance rates between high- and low-dose
statins. Non-compliance is known to be associated
with higher cardiovascular event rates and
mortality than good compliance.39,40 Patients were
assumed to continue with their original
atorvastatin dosages throughout the model. This
may not reflect a ‘real life’ scenario; since in
clinical practice patients may switch dosages or
use a different statin.41

Another limitation of this study is that the
TNT trial population was not representative of the
Canadian population with established CHD. The
trial population was mostly male, and only 18 %
of the trial population were older than 70 years.
Results of this study can therefore only be reliably
applied to populations similar to those in the TNT
trial.

Strengths of the model presented here
include the use of a head-to-head trial as opposed
to placebo controlled trials used in previous
studies, and the use of a 5-year trial with data on
clinical endpoints such as MI and stroke, rather
than the use of surrogate endpoints such as LDL-
C reduction data collected over a short time period.
Other strengths include the use of Canadian
mortality rates to estimate first year post-event
mortality rates and the use of Canadian data on
revascularization practices (i.e., the relative
proportion of CABG vs. PCI).

CONCLUSIONS

From the perspective of the Canadian Ministries
of Health, intensive lipid lowering therapy with
patients with 80 mg of atorvastatin per day may

be cost-effective versus 10 mg of atorvastatin per
day in patients with stable CHD.

Acknowledgments
The authors wish to thank Isla Ogilvie for help
with the manuscript preparation. This study was
made possible by a grant from Pfizer Canada Inc

Disclosures
Monika Wagner and Mireille Goetghebeur are
employed by Biomedcom Consultants Inc.
Elizabeth Merikle was employed by Pfizer,
Canada at the time of this study; she is now
employed by United BioSource, Canada. Douglas
CA Taylor is employed by i3 Innovus, in addition,
he has worked as a paid consultant for Pfizer.
Ankur Pandya, Paula Chu were also employed by
i3 Innovus at the time of this study; they have
subsequently returned to Harvard to continue their
studies.

REFERENCES

1. Statistics Canada. Causes of death - Chapter XI:
Diseases of the circulatory system. (April 27,
2007). 2007.
http://www.statcan.ca/english/freepub/84-208-
XIE/2007001/tbl-en.htm#9. (Accessed 17 Jul
2007).

2. Heart and Stroke Foundation of Canada, Health
Canada, Canadian Cardiovascular Society.
Centre for Chronic Disease Prevention and
Control HC, Canadian Cardiovascular Society,
Heart and Stroke Foundation of Canada, editors.
The Growing Burden of Heart Disease and
Stroke in Canada 2003. 2003.

3. Manuel DG, Leung M, Nguyen K, Tanuseputro
P, Johansen H. Burden of cardiovascular
disease in Canada. Can J Cardiol
2003;19(9):997-1004.

4. Choi BK, Pak AW. A method for comparing
and combining cost-of-illness studies: an
example from cardiovascular disease. Chronic
Dis Can 2002;23(2):47-57.

5. Health Canada. Economic burden of illness in
Canada, 1998. 1998. http://www.phac-
aspc.gc.ca/publicat/ebic-femc98/index.html.

6. Alter DA, Stukel TA, Newman A. Proliferation
of cardiac technology in Canada: a challenge to
the sustainability of Medicare. Circulation
2006;113(3):380-7.



Cost-effectiveness of intensive lipid lowering therapy with 80mg of atorvastatin, versus 10mg of atorvastatin, for
secondary prevention of cardiovascular disease in Canada

Can J Clin Pharmacol Vol 16 (2) Summer 2009:e331-e345; June 16, 2009
© 2009 Canadian Society of Pharmacology and Therapeutics. All rights reserved.

e344

7. Genest J, Frohlich J, Fodor G, McPherson R.
Recommendations for the management of
dyslipidemia and the prevention of
cardiovascular disease: summary of the 2003
update. CMAJ 2003;169(9):921-4.

8. Gould AL, Davies GM, Alemao E, Yin DD,
Cook JR. Cholesterol reduction yields clinical
benefits: meta-analysis including recent trials.
Clin Ther 2007;29(5):778-94.

9. Baigent C, Keech A, Kearney PM, et al.
Efficacy and safety of cholesterol-lowering
treatment: prospective meta-analysis of data
from 90,056 participants in 14 randomised trials
of statins. Lancet 2005;366(9493):1267-78.

10. Heart Protection Study Collaborative Group.
MRC/BHF Heart Protection Study of cholesterol
lowering with simvastatin in 20,536 high-risk
individuals: a randomised placebo-controlled
trial. Lancet 2002;360(9326):7-22.

11. Cannon CP, Braunwald E, McCabe CH, et al.
Intensive versus Moderate Lipid Lowering with
Statins after Acute Coronary Syndromes. N
Engl J Med 2004;350(15):1495-504.

12. LaRosa JC, Grundy SM, Waters DD, et al.
Intensive lipid lowering with atorvastatin in
patients with stable coronary disease. N Engl J
Med 2005;352(14):1425-35.

13. McPherson R, Frohlich J, Fodor G, Genest J,
Canadian Cardiovascular Society. Canadian
Cardiovascular Society position statement--
recommendations for the diagnosis and
treatment of dyslipidemia and prevention of
cardiovascular disease. Can J Cardiol
2006;22(11):913-27.

14. Russell MW, Huse DM, Miller JD, Kraemer DF,
Hartz SC. Cost-effectiveness of HMG-CoA
reductase inhibition in Canada. Can J Clin
Pharmacol 2001;8(1):9-16.

15. Pilote L, Ho V, Lavoie F, Coupal L, Zowall H,
Grover SA. Cost-effectiveness of lipid-lowering
treatment according to lipid level. Can J Cardiol
2005;21(8):681-7.

16. Grover SA, Coupal L, Paquet S, Zowall H. Cost-
effectiveness of 3-hydroxy-3-methylglutaryl-
coenzyme A reductase inhibitors in the
secondary prevention of cardiovascular disease:
forecasting the incremental benefits of
preventing coronary and cerebrovascular events.
Arch Intern Med 1999;159(6):593-600.

17. Riviere M, Wang S, Leclerc C, Fitzsimon C,
Tretiak R. Cost-effectiveness of simvastatin in
the secondary prevention of coronary artery
disease in Canada. CMAJ 1997;156(7):991-7.

18. Ford I, Murray H, Packard CJ, Shepherd J,
Macfarlane PW, Cobbe SM. Long-term follow-

up of the West of Scotland Coronary Prevention
Study. N Engl J Med 2007;357(15):1477-86.

19. Pedersen TR, Wilhelmsen L, Faergeman O,
Strandberg TE, Thorgeirsson G, Troedsson L, et
al. Follow-up study of patients randomized in
the Scandinavian simvastatin survival study (4S)
of cholesterol lowering. Am J Cardiol
2000;86(3):257-62.

20. Statistics Canada. Mortality, summary list of
causes; Table 2: deaths by selected grouped
causes, age group at time of death and sex,
Canada. 2003.
http://www.statcan.ca/english/freepub/84F0209
XIE/2003000/tablesectionlist.htm. (Accessed 5
Jul 2006).

21. Lampe FC, Whincup PH, Wannamethee SG,
Shaper AG, Walker M, Ebrahim S. The natural
history of prevalent ischaemic heart disease in
middle-aged men. Eur Heart J
2000;21(13):1052-62.

22. Johansen H, Nair C, Mao L, Wolfson M.
Revascularization and heart attack outcomes.
Health Rep 2002;13(2):35-46.

23. Holroyd-Leduc JM, Kapral MK, Austin PC, Tu
JV. Sex differences and similarities in the
management and outcome of stroke patients.
Stroke 2000;31(8):1833-7.

24. Jong P, Vowinckel E, Liu PP, Gong Y, Tu JV.
Prognosis and determinants of survival in
patients newly hospitalized for heart failure: a
population-based study. Arch Intern Med
2002;162(15):1689-94.

25. Graham MM, Ghali WA, Faris PD, Galbraith
PD, Norris CM, Knudtson ML. Survival after
coronary revascularization in the elderly.
Circulation 2002;105(20):2378-84.

26. Cardiac Care Network of Ontario. Annual report
2006/7. 2007. http://www.ccn.on.ca/4_2.php
(Accessed 2 Feb 2009).

27. Gwinnutt CL, Columb M, Harris R. Outcome
after cardiac arrest in adults in UK hospitals:
effect of the 1997 guidelines. Resuscitation
2000;47(2):125-35.

28. Dennis MS, Burn JP, Sandercock PA, Bamford
JM, Wade DT, Warlow CP. Long-term survival
after first-ever stroke: the Oxfordshire
Community Stroke Project. Stroke
1993;24(6):796-800.

29. Mosterd A, Cost B, Hoes AW, et al. The
prognosis of heart failure in the general
population: The Rotterdam Study. Eur Heart J
2001;22(15):1318-27.

30. Ontario Ministry of Health and Long-Term
Care. Ontario Case Costing Initiative. 2007.
http://www.occp.com/. (Accessed 29 Jan 2009).



Cost-effectiveness of intensive lipid lowering therapy with 80mg of atorvastatin, versus 10mg of atorvastatin, for
secondary prevention of cardiovascular disease in Canada

Can J Clin Pharmacol Vol 16 (2) Summer 2009:e331-e345; June 16, 2009
© 2009 Canadian Society of Pharmacology and Therapeutics. All rights reserved.

e345

31. Ontario Ministry of Health and Long-Term
Care. Ontario Drug Benefit
Formulary/Comparative Drug Index. 2007.
http://www.health.gov.on.ca/english/providers/p
rogram/drugs/odbf_eformulary.html. (Accessed
29 Jan 2009).

32. Sullivan PW, Lawrence WF, Ghushchyan V. A
national catalog of preference-based scores for
chronic conditions in the United States. Med
Care 2005;43(7):736-49.

33. Canadian Agency for Drugs and Technologies in
Health. Guidelines for the economic evaluation
of health technologies: Canada. 2006.
http://www.cadth.ca.

34. Taylor DC, Pandya A, Thompson D, et al. Cost-
effectiveness of intensive atorvastatin therapy in
secondary cardiovascular prevention in the
United Kingdom, Spain, and Germany, based on
the Treating to New Targets study. Eur J Health
Econ 2008.

35. Mark DB, Knight JD, Cowper PA, Davidson-
Ray L, Anstrom KJ. Long-term economic
outcomes associated with intensive versus
moderate lipid-lowering therapy in coronary
artery disease: results from the Treating to New
Targets (TNT) Trial. Am Heart J
2008;156(4):698-705.

36. Bourgault C, Davignon J, Fodor G, et al. Statin
therapy in Canadian patients with

hypercholesterolemia: the Canadian Lipid Study
-- Observational (CALIPSO). Can J Cardiol
2005;21(13):1187-93.

37. Perreault S, Blais L, Dragomir A, et al.
Persistence and determinants of statin therapy
among middle-aged patients free of
cardiovascular disease. Eur J Clin Pharmacol
2005;61(9):667-74.

38. Lachaine J, Rinfret S, Merikle EP, Tarride JE.
Persistence and adherence to cholesterol
lowering agents: evidence from Regie de
l'Assurance Maladie du Quebec data. Am Heart
J 2006;152(1):164-9.

39. Rasmussen JN, Chong A, Alter DA.
Relationship between adherence to evidence-
based pharmacotherapy and long-term mortality
after acute myocardial infarction. JAMA
2007;297(2):177-86.

40. Wei L, MacDonald TM, Watson AD, Murphy
MJ. Effectiveness of two statin prescribing
strategies with respect to adherence and
cardiovascular outcomes: observational study.
Pharmacoepidemiol Drug Saf 2007;16(4):385-
92.

41. Thiebaud P, Patel BV, Nichol MB, Berenbeim
DM. The effect of switching on compliance and
persistence: the case of statin treatment. Am J
Manag Care 2005;11(11):670-4.

View publication statsView publication stats

https://www.researchgate.net/publication/26296993

