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What is already known about this subject
• There is a major gap between the use of statins in clinical

trial settings and in actual practice.
• Unfortunately, little is known about the impact of

suboptimal use of statins on clinical outcomes.

What this study adds
• Patients who filled more than 90% of the prescribed doses

began to achieve significant reductions in nonfatal coronary
artery disease events.

• Statin effectiveness is apparent after one full year of
treatment.
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Aims
To evaluate the impact of adherence to statins on nonfatal coronary artery disease
(CAD). Statins reduce cardiovascular morbidity and mortality after 1–2 years of
continuous treatment. Studies have shown that <40% of patients take �80% of
prescribed doses 1 year after starting therapy and that approximately half discontinue
medication within 6 months of starting therapy.

Methods
A cohort of 20 543 patients was reconstructed using the Régie de l’assurance maladie
du Québec databases. Patients aged 50–64 years, without cardiovascular disease, and
newly treated with statins between 1998 and 2000 were eligible. A nested
case–control design was used to study nonfatal CAD. Every case was matched with 20
randomly selected controls. The adherence level was defined as the percentage of the
prescribed medication doses used over a specified period and classified as �90% or
<90%. Rate ratios (RR) of nonfatal CAD were determined through conditional logistic
regression adjusted for age, sex, socioeconomic status, diabetes and hypertension.

Results
The mean patient age was 58 years, 45% had hypertension and 19% had diabetes.
Men represented 37% of the cohort. Among patients followed for >1 year, adherence
of �90% was associated with fewer nonfatal CAD events (RR 0.81; 0.67, 0.97)
compared with adherence <90%. In the multivariate model, male gender (RR 1.37;
1.16, 1.63), welfare recipients (RR 1.24; 1.04, 1.48), newly diagnosed hypertension
(RR 3.54; 2.62, 4.77) and newly diagnosed diabetes mellitus (RR 1.97; 1.20, 3.24)
were risk factors for CAD.

Conclusion
The incidence of nonfatal CAD events decreases when >90% of the prescribed
medications is used over at least 1 year.
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Introduction
Cardiovascular diseases are responsible for the highest
healthcare utilization costs in most industrialized coun-
tries [1]. In Canada, one person in five dies from coro-
nary artery disease (CAD) [1]. Many risk factors are
involved in the development of the disease but, accord-
ing to observational studies, one of the strongest predic-
tors is dyslipidaemia [2–4]. The lifetime risk of CAD is
1.5–2 times higher for people with elevated total choles-
terol concentrations than for those with normal lipid
concentrations [5]. In Canada, 45% of the population
has higher than the recommended cholesterol concentra-
tion, making dyslipidaemia a major public-health
concern [1].

Clinical trials have shown that decreased low-density
lipoprotein cholesterol (LDL-C) levels resulting from
statin therapy can reduce cardiovascular morbidity and
mortality among patients with dyslipidaemia [6–15].
Clinical trials of primary prevention have shown that
statins reduce the incidence of CAD by approximately
30% [9, 11]. Statins could reach their full therapeutic
potential after 1 or 2 years of continuous treatment [16].
Despite this evidence, statins are not used optimally and
the efficacy shown in randomized clinical trials may
therefore be irrelevant in real life [17, 18].

We recognize that there is a major gap between the
use of statins in clinical trial settings and in actual prac-
tice. Unfortunately, little is known about the impact of
suboptimal use of statins on clinical outcomes. The aim
of this study was to evaluate the impact of statin adher-
ence on nonfatal CAD events among middle-aged
patients free of cardiovascular disease.

Methods
Data sources
This population-based study used the databases of the
Régie de l’assurance maladie du Québec (RAMQ),
which administers public healthcare insurance pro-
grammes in Quebec, Canada. The RAMQ databases
contain three types of files. The demographic file lists
age, gender, post code and year of death for all registered
individuals. The medical-services file comprises claims
for all inpatient or ambulatory services and includes data
such as the nature of the medical procedure, date and site
(office, emergency room, hospital) of the procedure and
the diagnostic code [19]. Diagnosis is coded by Interna-
tional Classification of Disease (ICD-9). Procedure
codes follow the Canadian classification of diagnostic,
therapeutic and surgical procedures [19, 20]. These
codes are linked to the doctor’s payment and are care-
fully audited [21, 22]. The pharmaceutical file contains
data on all prescriptions for covered drugs prescribed to

patients living in the community whose medications are
insured by RAMQ. The file includes the name, dose and
quantity of the drug; the date; and the duration of
therapy as indicated by the pharmacist.

The first two databases include all residents covered
by provincial health insurance, i.e. the entire population.
The pharmaceutical file covers all residents insured
under the public drug plan, comprising about 40% of the
population aged from 50 to 64 years [23]. Each of the
computerized files contains the individual’s health insur-
ance number, which serves as a link between them. The
pharmaceutical file has been validated for research and
used in pharmacoepidemiological research studies [24].
The prescription claims database in Quebec is also one
of the most accurate validity means of determining drugs
dispensed to individuals [24]. Validity studies have been
performed specifically for the medical services claims of
Quebec administrative databases. The validity of the
diagnostic codes identifying episodes of hospitalizations
for acute myocardial infarction was assessed among
patients >65 years old [25]. Compared with the informa-
tion in the patient hospital discharge summary, the sen-
sitivity and specificity of the diagnostic code identifying
the first hospital stay for acute myocardial infarction
were 81.1% and 98.8%, respectively [25]. We enhanced
the sensitivity of the RAMQ database for nonfatal CAD
by adding procedural codes and medication to the diag-
nostic code. Procedural codes and medication reclama-
tion are linked to the physician’s and the pharmacist’s
payments and are carefully audited [21, 22].

Cohort study
From the RAMQ database, we selected a cohort of
patients who started treatment with atorvastatin, fluvas-
tatin, lovastatin, pravastatin or simvastatin treatment
between 1 January 1998 and 31 December 2000, but had
not taken lipid-lowering drugs in the year preceding
entry into the cohort. The index date was defined as the
date of the first prescription of a statin agent and was the
date of entry into the cohort. Patients had to be between
50 and 64 years old at the index date and to have been
insured for their drugs by RAMQ for at least 1 year
before the index date.

To be eligible, subjects could not have any indication
of cardiovascular disease as evidenced by the absence of
a diagnosis and a medical procedure in the 3 years
before the index date and the absence of a drug marker 1
year before the index date. Patients had to be free of any
marker of cardiovascular disease such as (i) CAD: diag-
nosis of myocardial infarction or angina (ICD-9 codes
410–414), a medical procedure, i.e. coronary artery
bypass grafting, angiography or angioplasty, use of
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nitrate, including nitroglycerin; (ii) stroke: diagnosis
(430–438) and medical procedures; (iii) peripheral vas-
cular disease: diagnosis (440–447), medical procedure
of noncoronary angioplasty and use of pentoxifylline;
(iv) congestive heart failure: diagnosis (428) or the use
of furosemide alone or with digoxin, angiotensin con-
verting enzyme (ACE) inhibitors, spironolactone or
b-blockers; and (v) arrhythmia: diagnosis (427), a
medical procedure using a pacemaker and the use of
drugs for cardiac arrhythmias (amiodarone, digoxin,
quinidine, disopyramide, flecainamide, mexiletine,
procainamide, propafenone or sotalol). The RAMQ drug
database was also used to exclude patients who received
other drugs such as antiplatelets, low-dose aspirin (ace-
tylsalicylic acid) or anticoagulants during the year pre-
ceding the index date.

The final study cohort included 20 543 subjects who
were followed from the date of issuance of their first
prescription of statin until the first nonfatal CAD event
or the end of the study (30 June 2001). During the
follow-up period, subjects were censured if they met an
exclusion criterion, switched or had a prescription for
another class of lipid-lowering drug, were no longer
covered by the RAMQ drug-insurance plan, or died.
Subjects were followed for a minimum of 6 months and
a maximum of 3.5 years.

Nested case–control study
The nested case–control approach was used to estimate
the rate ratio (RR) of the first nonfatal CAD event asso-
ciated with adherence to statin agents. A nonfatal CAD
event was defined by a composite end-point of nonfatal
myocardial infarction or angina; a revascularization pro-
cedure, angioplasty, coronary artery bypass graft; or ini-
tiation of treatment with a nitrate drug. All cases of
nonfatal CAD were identified and 20 controls were ran-
domly selected from the risk set for each case using
density sampling (i.e. among noncases who had at least
the same follow-up time as the case) [26]. Accordingly,
a subject might be selected as a control before being a
case and might be selected as a control for more than one
case.

Assessment of exposure
For each case and control, we reported the adherence
defined as the percentage of the prescribed doses of
medication actually taken by the patient over a specified
period. Calculations were based on the quantity dis-
pensed and the number of days supplied for each filled
prescription. The patient’s adherence was calculated
from the start of follow-up to the time of a nonfatal CAD
event; the control’s cumulative adherence was calcu-

lated from the start of follow-up to the time of selection.
The time of selection was determined by the addition of
the case’s follow-up time to the control’s index date. The
exposure was dichotomized into two levels: adherence
to >90% of the prescribed doses and non-adherence to
<90%.

Confounding variables
The potential confounders for which it is possible to
control were age, sex, socioeconomic status based on
social-assistance status and cardiovascular risk factors
(hypertension and diabetes). Age, sex and social-
assistance status were identified at the entry into the
cohort from data in the beneficiary’s file of the RAMQ
database. Hypertension and diabetes were time depen-
dent and identified before the index date and during
follow-up. Those comorbidities were defined as follows:
diabetes by ICD-9 code 250 or by the use of insulin or an
antidiabetic agent; and hypertension by essential hyper-
tension ICD-9 code 401 or by the use of thiazides, ACE
inhibitors without furosemide, calcium channel blockers
or b-blockers without other markers of CAD. Patients
with hypertension or diabetes diagnosed in the year pre-
ceding the date of a nonfatal CAD (for the patients) or
the date of selection (for the controls) were considered
newly diagnosed with hypertension or diabetes mellitus.
For the other patients, the use of antihypertensive or
antidiabetic agents in the year before the date of nonfatal
CAD (for the cases) or the date of selection (for the
controls) was dichotomized into two levels: adherence to
>80% of the prescribed doses and non-adherence to
<80%.

Statistical analysis
The crude and adjusted RRs for nonfatal CAD events
were determined through a conditional logistic regres-
sion. With the nested case–control approach, the expo-
sure and covariate information for controls reflects
values corresponding to the time of selection of their
respective case [27]. The timescale used in the model
was the time since the issuing of the first prescription of
a statin.

To account for the possible effect of modification of
time on the incidence of CAD, we stratified the analysis
by the time of case presentation (in the first year of
follow-up and after 1 year of follow-up). We carried out
backward selection of variables to identify confounding
variables to be retained in the final model [28].

To assess the robustness of our findings, we performed
two sensitivity analyses. The first was done to assess the
effect of different levels of adherence over the risk of
nonfatal CAD. There were two categories of adherence
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and we used different cut-offs to compare adherence vs.
non-adherence (�70% of the prescribed doses vs. <70%
and �80% vs. <80%).

The second sensitivity analysis assessed the robust-
ness of our findings about potential biases introduced by
unmeasured confounders. We used the approach pro-
posed by Greenland which considered an unmeasured
risk factor less frequent among those adhering to therapy
than among those not adhering to therapy [29]. We
created several scenarios with different risk factors
between the confounder and nonfatal CAD. For each
scenario, we changed the prevalence of the unmeasured
confounder across adherence categories. Using this
analysis, we determined how the RR changes after
adjusting for the unmeasured confounder.

All analyses were performed using Statistical Analy-
sis System Software (version 9; SAS Institute, Cary, NC,
USA). All analyses with 95% confidence intervals (CI)
are presented.

Ethical considerations
No patient or physician identifiers were provided to the
researchers; only scrambled identifiers were used
throughout the study. The Research and Ethics Commit-
tee of the University of Montreal approved the study.

Results
Patient characteristics
The distribution of exclusion criteria is shown in
Figure 1. Of the 20 543 identified patients, 10 208
(50%) had filled a prescription for atorvastatin, 1254
(6%) for fluvastatin, 442 (2%) for lovastatin, 4850
(24%) for pravastatin and 3789 (18%) for simvastatin
(Table 1). The mean age of the subjects was 58 years
[standard deviation (SD) �5). The mean follow-up was
1.6 years.

A comparison of baseline demographic and clinical
characteristics revealed no major differences across the
statin groups (Table 1). Notable exceptions were that

Figure 1
Flow chart of inclusion and exclusion criteria.
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lovastatin users tended to have fewer comorbidities.
Nevertheless, no pattern emerged of preferential pre-
scribing of a particular statin to sicker or healthier
patients. Regarding the distribution of daily doses, we
found that in most cases lower doses of the statins were
prescribed (10–20 mg) (Table 1), which are approxi-
mately equivalent in lowering LDL-C levels [30]. Very
few subjects were prescribed the highest dose of each
statin.

In the full cohort, 37% were men, 29% welfare recipi-
ents, 45% had hypertension and 19% had diabetes. The
37% proportion of men in the study was related to the
exclusion criteria (e.g. men 56% and women 44%). Of
the 20 543 individuals who fulfilled the inclusion and
exclusion criteria, 1538 (7.5%) had a nonfatal CAD
event. The percent of total death and death from coro-
nary heart disease during follow-up was 0.09% and 1%,
respectively.

A total of 5953 subjects were followed for <1 year and
958 (4.7%) of them developed the main outcome
measure. Of the 14 590 subjects followed for >1 year,
580 (4.0%) developed the outcome, yielding an inci-
dence rate of two per 100 person-years. The prevalence
of risk factors (male sex, diabetes and hypertension) was
statistically higher among patients followed for <1 year

compared with those followed for >1 year (data not
shown).

Characteristics of cases and controls
There were 32 298 cases and controls in the nested case–
control which were divided into two groups: cases
occurring in the first year of follow-up and their controls
(n = 20 118) and cases occurring after 1 year of
follow-up and their controls (n = 12 180) (Table 2). This
time division was chosen based on data in the literature
that suggest that statins are effective after a minimum of
1 year of use, particularly for older drugs. Table 2 shows
the social and demographic characteristics of the cases
and controls. The proportions of men, welfare recipients
and patients with diabetes or hypertension were statisti-
cally higher among the cases. To assess if there was a
difference between the statin doses received by patients
during follow-up, we converted the doses of different
statins into equivalent doses (Table 2). No matter what
type of statin, every prescription was considered to be
equivalent to simvastatin after the transformation. Based
on literature data, the rule of conversion was that 10 mg
of simvastatin is equivalent to 5 mg of atorvastatin,
40 mg of fluvastatin, 20 mg of lovastatin and 20 mg of
pravastatin [31, 32]. Finally, the mean dose equivalent to

Table 1
Characteristics of patients starting a new statin treatment in the Régie de l’assurance maladie du Québec database in
1998–2000

Entire
cohort Atorvastatin Fluvastatin Lovastatin Pravastatin Simvastatin

No. patients 20 543 10 208 1254 442 4850 3789
Nonfatal CAD events (%) 1 535 (7.5) 647 (6.0) 95 (7.6) 44 (10) 421 (8.7) 328 (8.7)
Mean age (continuous)* 58 (�5) 58 (�5) 58 (�5) 58 (�5) 58 (�5) 58 (�5)
Mean dose 18 (�11)† 12 (�5) 27 (�9) 21 (�4) 19 (�7) 15 (�7)
Follow-up time (days) (continuous) 586 (�322) 510 (�278) 688 (�349) 700 (�367) 660 (�345) 649 (�340)
Sex (male vs. female) (%) 37 39 33 37 35 36
Social assistance (yes vs. no) (%)* 29 31 33 33 26 26
Diabetes mellitus (yes vs. no) (%)‡ 19 20 16 14 17 20
Hypertension (yes vs. no) (%)‡ 45 45 48 41 45 46
Dose distribution (mg) (%)*

5 1 0 0 0 6
10 79 0 6 19 52
20 19 66 89 75 39
40 1 34 5 6 3
80 0 0 0 0 0

*At treatment initiation. †Statins equivalent to simvastatin dose during follow-up [46 ]. Simvastatin 10 mg = lovastatin 20 mg =
pravastatin 20 mg = fluvastatin 40 mg = atorvastatin 5 mg. ‡ICD-9 or pharmacological treatment before the index date.
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simvastatin was 16 mg and was the same across the
cases and controls (Table 2).

Risk factors for CAD
Univariate analysis (Table 3) shows that sex, socioeco-
nomic status and newly diagnosed diabetes or hyper-
tension are risk factors for a nonfatal CAD event. In
the multivariate model, male sex (RR 1.37; 1.16, 1.63),
social-assistance status (RR 1.31; 1.10, 1.57), newly
diagnosed diabetes (RR 1.97; 1.20, 3.24) and hyperten-
sion (RR 3.54; 2.62, 4.77) increased the risk of a non-
fatal CAD event after 1 year of follow-up. The risk
associated with these variables was the same in the full
cohort and in the two subgroups defined by follow-up
time. Among patients already diagnosed with diabetes,
being adherent with more or less than 80% of their
prescriptions did not significantly reduce the risk of
nonfatal CAD compared with patients without diabe-
tes. However, among patients already diagnosed with
hypertension, adherence by more or less than 80% still
presented an increasing risk of CAD compared with
patients without hypertension; but these risks

decreased significantly compared with newly diag-
nosed patients.

Impact of adherence level on CAD
In the current study, we focused on the results from the
patients followed for >1 year because the efficacy of
statins is apparent only after that period of time. The
mean adherence level was 62% (SD = 35) for the cases
and 65% (SD = 34) for the controls. The proportion of
patients taking �90% of the prescribed doses did not
differ significantly between controls (37%) and cases
(33%) (Table 2). Moreover, the level of adherence in the
total cohort was similar among the statin drugs (except
for fluvastatin and lovastatin), given that 38%, 29%,
25%, 37% and 39% of patients used �90% of atorvas-
tatin, fluvastatin, lovastatin, pravastatin and simvastatin
dosage, respectively.

In multivariate analysis, the nonfatal CAD event rate
did not decrease in the adherent group compared with
the non-adherent group (RR 0.92; 0.82, 1.03) (Table 3)
in the entire cohort. When the analysis was stratified for
follow-up time, we found that good adherence had an
impact on nonfatal CAD events after 1 year of treatment

Table 2
Characteristics of patients with nonfatal coronary artery disease event and matched controls

Cases occurring in the first year
of follow-up and their controls

Cases occurring after 1 year of
follow-up and their controls

Cases Controls P-value* Cases Controls P-value*

Number 958 19 160 580 11 600
Age (years) (continuous)† 58 (�5) 58 (�5) 0.11 58 (�5) 58 (�5) 0.21
Mean equivalent dose‡ 19 (�13) 18 (�11) 0.01 16 (�11) 16 (�10) 0.78
Statin adherence (%)§ (yes vs. no)

<90% 35 36 0.41 67 63 0.06
�90% 65 64 33 37

Sex (male vs. female) (%) 43 37 0.001 41 35 0.004
Social assistance (yes vs. no) (%)† 34 29 0.003 38 33 0.01
Diabetes (%) 21 19 0.039 22 19 0.031

Newly diagnosed diabetes mellitus¶ (yes vs. no) 6 4 3 2
Antidiabetic drug adherence <80%** (yes vs. no) 7 7 11 9
Antidiabetic drug adherence �80%** (yes vs. no) 8 8 9 9

Hypertension (%) 62 46 <0.0001 65 50 <0.0001
Newly diagnosed hypertension¶ (yes vs. no) 20 12 11 5
Antihypertensive drug adherence <80%** (yes vs. no) 17 15 25 20
Antihypertensive drug adherence �80%** (yes vs. no) 25 20 29 26

*The P-values are related to analyses made to compare cases with controls. †At treatment initiation. ‡Statins equivalence in
simvastatin dose during the follow-up time [46]. Simvastatin 10 mg = lovastatin 20 mg = pravastatin 20 mg = fluvastatin 40 mg
= atorvastatin 5 mg. §Proportion of days covered (%). ¶ICD-9 or pharmacological treatment; new diabetes or new hypertension
were detected in the year before the index date. **Proportion of days covered (%) in the year before the index date.
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(RR 0.81; 0.67, 0.97), but not during the first year of
treatment (RR 1.02; 0.87, 1.18). In the multivariate
model, adherence �90% reduced the RR of nonfatal
CAD events by 19% (RR 0.81; 0.67, 0.97) compared
with adherence <90%. With patients taking atorvastatin
as the reference group, we observed no significant dif-
ferences among the statin drugs.

Sensitivity analyses revealed that the greater the
adherence, the greater the reduction in the risk of non-
fatal CAD events (Table 4). The effect of adherence
became statistically significant at the 90% level (RR
0.81; 0.67, 0.97) compared with adherence <90%. Irre-
spective of the cut-off, coefficients associated with con-
founding covariables remained constant.

Finally, sensitivity analyses to assess the robustness of
our results by accounting for unmeasured confounders
revealed that our conclusions might be overturned when

a confounder had a RR for a nonfatal CAD event of 3
and when there was an important difference in the con-
founder prevalence of risk factors between the two
groups (e.g. present in 5% of adherent patients and
>15% of non-adherent patients or present in 10% of
adherent patients compared with 20% of non-adherent
patients or present in 20% of adherent patients compared
with 30% of non-adherent patients).

Discussion
As expected, our results indicated that adherence to
statins that exceeds 90% is associated with a significant
reduction in nonfatal CAD events. The coefficients asso-
ciated with CAD risk factors such as diabetes, hyperten-
sion and socioeconomic status agreed with findings from
other studies [3, 4]. Previous observational studies have
revealed that patients with hypertension have 1.5–2

Table 3
Rate ratio (RR) of nonfatal coronary artery disease event

RR (95% CI)

Entire case–control
Cases occurring in the first year
of follow-up and their controls

Cases occurring after 1 year of
follow-up and their controls

Crude Adjusted Crude Adjusted Crude Adjusted

Atorvastatin Reference Reference Reference Reference Reference Reference
Fluvastatin 0.92 0.91 (0.73, 1.14) 0.76 0.75 (0.55, 1.02) 1.16 1.13 (0.82, 1.57)
Lovastatin 1.09 1.13 (0.81, 1.57) 1.34 1.40 (0.93, 2.11) 0.78 0.81 (0.46, 1.43)
Pravastatin 1.04 1.08 (0.95, 1.23) 1.08 1.12 (0.95, 1.31) 0.98 1.03 (0.84, 1.26)
Simvastatin 1.04 1.07 (0.93, 1.23) 1.15 1.17 (0.98, 1.39) 0.87 0.93 (0.74, 1.18)
Statin adherence*

<90% Reference Reference Reference Reference Reference Reference
�90% 0.97 0.92 (0.82, 1.03) 1.07 1.02 (0.87, 1.18) 0.84 0.81 (0.67, 0.97)

Age (continuous)† 1.01 1.01 (1.00, 1.03) 1.01 1.01 (0.99, 1.03) 1.01 1.02 (0.99, 1.04)
Sex (male vs. female) 1.26 1.34 (1.21, 1.49) 1.24 1.32 (1.16, 1.51) 1.28 1.37 (1.16, 1.63)
Social assistance† (yes vs. no) 1.24 1.29 (1.16, 1.44) 1.23 1.28 (1.11, 1.48) 1.25 1.31 (1.10, 1.57)
New diagnosed diabetes mellitus‡

(yes vs. no)
1.64 1.41 (1.11, 1.81) 1.52 1.30 (0.98, 1.72) 2.16 1.97 (1.20, 3.24)

Antidiabetic drug adherence
<80%§ (yes vs. no)

1.16 1.06 (0.88, 1.28) 1.04 0.94 (0.73, 1.22) 1.33 1.21 (0.92, 1.59)

Antidiabetic drug adherence
�80%§ (yes vs. no)

1.08 0.92 (0.76, 1.11) 1.13 0.95 (0.75, 1.21) 1.01 0.87 (0.64, 1.18)

New diagnosed hypertension‡
(yes vs. no)

2.67 2.69 (2.30, 3.14) 2.47 2.48 (2.07, 2.98) 3.41 3.54 (2.62, 4.77)

Antihypertensive agent adherence
<80%§ (yes vs. no)

1.70 1.71 (1.48, 1.98) 1.64 1.67 (1.38, 2.03) 1.80 1.77 (1.42, 2.21)

Antihypertensive agent adherence
= 80%§ (yes vs. no)

1.68 1.74 (1.52, 1.99) 1.72 1.76 (1.48, 2.09) 1.64 1.74 (1.40, 2.15)

*Proportion of days covered (%). †At treatment initiation. ‡ICD-9 or pharmacological treatment; new diabetes or new hyperten-
sion was detected in the year before the index date. §Proportion of days covered (%) in the year before the index date.
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times the risk of CAD compared with individuals
without hypertension and that individuals with low or
middle incomes have 1.2 times the risk of those with
higher incomes [3, 4]. A coefficient associated with dia-
betes trends in the same direction, as reported in previ-
ous studies that there is a risk for CAD of 2–4 times
higher among patients with diabetes [3, 4, 33].

The reduction in nonfatal CAD events found in the
current study is comparable to that reported in the lit-
erature [16]. For an absolute reduction in LDL-C of
1 mmol l-1 (average of the clinical trials), the reduction
in ischaemic heart disease was 11% (range 4–18%) after
1 year, 24% (range 17–30%) after 2 years and 33%
(range 28–37%) after 3–5 years [16]. We observed
similar results among subjects who used at least 90% of
the prescribed medications compared with those who
used <90% (RR 0.81; 0.67, 0.97) after a mean follow-up
of 1.6 years. The discrepancy in the reduction of CAD
after 1 year may be related to the fact that a large pro-
portion of patients who received treatment failed to
achieve lipid goals [34]. Many patients who begin statin
treatment remain at the initial dose and dose titration is
uncommon in actual practice [35].

Statin drugs reduce the incidence of recurrent acute
myocardial and death among patients who have had an

acute myocardial infarction [6–8]. The benefit also has
been evident in recent trials that enrolled subjects with
and without previous cardiovascular diseases but who
were at high risk of future cardiovascular events com-
pared with placebo [10, 36]. It is unclear if the effect size
observed across trials varied because of the characteris-
tics of the trials or because the statin drugs had different
effects. The results of the PROVE IT-TIMI 22 study [37]
suggested that high-dose atorvastatin could provide
additional benefits, but atorvastatin at 80 mg was not
frequently prescribed in our study. In our population-
based setting representative of daily practice, we
observed similar relative effectiveness of the five statins.
Similar results were also observed for secondary preven-
tion in elderly patients after an acute myocardial infarc-
tion [38].

Our study has several limitations. First, databases do
not allow adjustment for clinical severity. We thus do not
have – and so cannot adjust for – cholesterol values
before and after treatment. This shortcoming may be of
minimal importance given a recent study of patients with
diabetes and dyslipidaemia which reported that adher-
ence to statin therapy is related closely to the attainment
of the LDL goal and appears to increase substantially
when adherence is >80% [39]. To investigate possible

Table 4
Rate ratio (RR) of nonfatal coronary artery disease event for cases occurring after 1 year of follow-up and their controls

Drug at initiation
RR (95% CI)

Adherence 70% Adherence 80% Adherence 90%

Atorvastatin Reference Reference Reference
Fluvastatin 1.14 (0.82, 1.57) 1.14 (0.82, 1.57) 1.13 (0.82, 1.57)
Lovastatin 0.81 (0.46, 1.44) 0.81 (0.46, 1.44) 0.81 (0.46, 1.43)
Pravastatin 1.03 (0.84, 1.27) 1.03 (0.83, 1.26) 1.03 (0.84, 1.26)
Simvastatin 0.94 (0.74, 1.18) 0.94 (0.74, 1.18) 0.93 (0.74, 1.18)
Statin adherence*

<70%, 80%, 90%, respectively, Reference Reference Reference
�70%, 80%, 90%, respectively, 0.86 (0.72, 1.02) 0.86 (0.72, 1.03) 0.81 (0.67, 0.97)

Age (continuous)† 1.02 (0.99, 1.04) 1.02 (0.99, 1.04) 1.02 (0.99, 1.04)
Sex (male vs. female) 1.38 (1.16, 1.63) 1.38 (1.16, 1.63) 1.37 (1.16, 1.63)
Social assistance (yes vs. no)† 1.30 (1.09, 1.55) 1.30 (1.09, 1.55) 1.31 (1.10, 1.57)
Newly diagnosed diabetes mellitus (yes vs. no)‡ 1.97 (1.20, 3.24) 1.97 (1.20, 3.23) 1.97 (1.20, 3.24)
Antidiabetic drug adherence <80%§ (yes vs. no) 1.21 (0.92, 1.60) 1.21 (0.92, 1.60) 1.21 (0.92, 1.59)
Antidiabetic drug adherence �80%§ (yes vs. no) 0.86 (0.63, 1.17) 0.86 (0.63, 1.17) 0.87 (0.64, 1.18)
Newly diagnosed hypertension (yes vs. no)‡ 3.50 (2.59, 4.72) 3.50 (2.60, 4.74) 3.54 (2.62, 4.77)
Antihypertensive drug adherence <80%§ (yes vs. no) 1.77 (1.42, 2.22) 1.78 (1.42, 2.22) 1.77 (1.42, 2.21)
Antihypertensive drug adherence �80%§ (yes vs. no) 1.72 (1.38, 2.13) 1.72 (1.38, 2.13) 1.74 (1.40, 2.15)

*Proportion of days covered (%). †At treatment initiation. ‡ICD-9 or pharmacological treatment; new diabetes or new
hypertension was detected in the year before index date. §Proportion of days covered (%) in the year before the index date.
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bias, we evaluated the rate of switching to other doses
and found that most patients (72%) were taking the same
dose (equivalent to simvastatin during the follow-up
period).

Second, we could not adjust for blood pressure or
glycaemia values, two well-known CAD risk factors. If
patients were using drugs to treat hypertension or diabe-
tes, we defined the categories of adherence levels for
these therapies to take into account the adherence level to
them more precisely to estimate the CAD risk reduction.

Third, the RAMQ databases did not allow for adjust-
ments for lifestyle. Smoking, lack of exercise, obesity
and poor diet are important CAD risk factors [4]. Fur-
thermore, since they are more likely to be present among
patients who do not adhere to a medication regimen,
they may introduce a bias [40]. The level of adherence to
medications may be a marker for a better prognosis [41,
42]. We cannot exclude the fact that adherent patients
may have more healthy lifestyles and may be healthier
than non-adherent patients [34]. In sensitivity analyses,
our conclusions could be invalidated with an unmea-
sured confounder having a RR of 3 and a difference in
the prevalence of the confounder between adherent
groups of 5% compared with >15% of non-adherents. A
RR of 3 could be attributed to the risk associated with
smoking, as reported in the Interheart Study [4].
However, bias of that magnitude is unlikely because
patients may have adopted a better lifestyle early after
treatment initiation, but these changes could be substan-
tially reduced over time.

Fourth, the databases included data for insured drugs
only. Our concern here is aspirin, which has been ben-
eficial in preventing CAD events among patients with
some risk factors who are free of cardiovascular disease
[43]. To ensure that our cohort was free of cardiovascu-
lar disease, subjects with an aspirin prescription were
excluded, but some may have been taking aspirin
obtained over the counter. However, there is no reason to
believe that one adherence category should include more
such patients than another.

Fifth, some subjects may have had a previous CAD
event that did not appear in the databases for which we
have information 3 years before the index date. Such
patients are at higher risk than primary-prevention
patients – the reinfarction rate is approximately 5%
annually [44, 45] – but they also have better compliance
with statins. Still, the likelihood of such a misclassifica-
tion is minimal because we have pharmaceutical data for
1 year and medical data for 3 years before the index date.
It is thus reasonable to believe that our subjects did not
have cardiovascular disease.

Finally, another possible misclassification error is

related to the determination of statin exposure. It is
assessed on the basis of the pharmaceutical files com-
pleted by community pharmacists; but we cannot know
with absolute certainly if patients took their drugs.
However, patients pay a proportion of the cost of the
drugs, so they may be more likely to take their medica-
tion and the chances of bias are lowered.

Despite those limitations, we believe that the study
results are reliable and could provide a first estimation of
the impact of adherence to medical regimens on clinical
outcomes. Moreover, it is an innovative and promising
way to analyse that kind of data because it leads to a
precise estimation of adherence and accurate compari-
sons among subjects.

In summary, our results showed that at currently used
dosages patients who filled >90% of the prescribed
doses began to achieve significant reductions in nonfatal
CAD events. Our study corroborates the findings that
statin effectiveness is apparent after one full year of
treatment. These results are also supported by meta-
analyses reports [16]. It is important to raise the aware-
ness of health professionals of the need to improve
adherence to therapy. Clinicians must emphasize this
factor to patients during long-term treatment.

The Canadian Institutes Health Research (CIHR) sup-
ported this work. S.P. and D.P. are research scholars
who receive financial support from the Fonds de recher-
che en santé du Québec. L.B. and A.B. are research
scholars who receive financial support from the CIHR.
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