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AIMS

Statins are effective in the prevention of an atherosclerotic event, e.g.
coronary artery disease and cerebrovascular disease. Patients at high
risk of cardiovascular disease (CVD), such as chronic heart failure (CHF),
might benefit from the effects of statin therapy. However, one question
that has not yet been answered and that may clarify the role of statins
in CHF is whether statins prevent the development of CHF in patients
with a low risk of CVD. Our aim was to evaluate the impact of
adherence to statins on the incidence of CHF.

METHODS

A cohort of 111 481 patients was reconstructed using the Régie de
I’Assurance Maladie du Québec databases. Patients were eligible if they
were between 45 and 85 years old, without CVD, and newly treated
with statins between 1999 and 2004. A nested case—control design was
used to study CHF. Every case of CHF was matched for age and
duration of follow-up in up to 15 randomly selected controls. The
adherence level was measured by calculating the medication
possession ratio. Rate ratios (RR) of CHF were estimated by conditional
logistic regression adjusting for several covariables.

RESULTS

The mean patient age was 63 years, 49% had hypertension, 21% had
diabetes and 41% were male. A high level of adherence to statins was
associated with a reduction of CHF (RR 0.81; 0.71,0.91). The risks
associated with CHF were the development of CVD during follow-up,
being a social-aid recipient, and suffering from hypertension, diabetes
mellitus, or having a higher chronic disease score.

CONCLUSION
Our study indicates that better adherence to statins is associated with
a reduced risk of CHF.

Introduction

The treatment of cardiovascular disease (CVD) represents
the highest healthcare costs in most industrialized coun-
tries [1]. The most common cause of chronic heart failure

(CHF) is no longer hypertension or valvular heart disease,
but rather coronary artery disease (CAD) [2-4], which is
also the leading cause of left ventricular dysfunction [4].
Approximately 50% of incident cases of CHF in subjects
<75 years old are related to CAD [5, 6].
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Statins are effective for primary and secondary preven-
tion of atherosclerotic events, such as CAD and a cere-
brovascular disease [7]. The alteration of lipoprotein levels
is the major reason for this benefit, but we could not
exclude other nonlipid-related effects. Patients at high risk
of CVD, such as those with CHF, may particularly benefit
from reduced levels of inflammatory factors and detrimen-
tal cytokines, improved endothelial function, and stabi-
lized coronary plaque [8-11]. However, there are potential
detrimental effects of statin therapy in CHF such as reduc-
tions in coenzyme Q10 [12] and selenoprotein [13] levels,
which could have adverse effects on myocyte structure
and function, and decreased ability of lipoproteins to bind
endotoxins, leading to excessive inflammation [14]. Never-
theless, the possible beneficial effects of statins may
outweigh its potential risks [12-14].

A systematic review of observational studies of patients
hospitalized for CHF with advanced CHF or impaired
systolic function has suggested that the use of statins is
related to reduce mortality and morbidity [15]. Moreover,
small clinical trials have yielded mixed results for interme-
diate markers related to inflammatory components or left
ventricular function [16-19].

Considering the high morbidity and mortality rates in
persons with CHF, some might recommend statin use. In
fact,itis impossible to recommend routine statin use for all
patients with CHF irrespective of the aetiology. A question
that remains to be answered and that may help to clarify
the role of statins in CHF is whether statins prevent CHF
development in a population with a lower risk of CVD.The
aim of this study was to examine the association of statin
adherence in primary prevention with the risk of deve-
loping CHF.

Methods

Data sources

This population-based study used the databases of
the Réie de I'Assurance Maladie du Quéec (RAMQ) and
MedEcho, which administers public healthcare insurance
programmes in Quebec, Canada. The RAMQ databases
contain three types of files. The demographic file lists age,
gender, postal code and year of death for all registered
individuals. The medical-services file comprises claims for
all inpatient or ambulatory medical 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 [20]. The diagnosis is coded in
accordance with the International Classification of Disease
(ICD-9).Procedural codes follow the Canadian classification
of diagnostic, therapeutic and surgical procedures [20, 21].
These codes are linked to the physician payment and are
carefully audited. 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 Med-Echo database contains data on
acute care hospitalizations, such as date of admission,
length of stay as well as primary and secondary diagnoses.
All these files also contain the individual’s health insurance
number, which is the link between them.

The first two of the RAMQ's databases include the
entire population of Quebec. The pharmaceutical file
covers all residents insured under the Public Prescription
Drug Insurance Plan, which covers about 43% of all resi-
dents [22] between 1998 and 2005, of which 94% of
Quebec citizens aged =65 years were covered by the plan
[23]. Each of the computerized files contains the individu-
al's health insurance number, which serves as a link
between the files. The pharmaceutical file has been vali-
dated for research and used in pharmacoepidemiological
research studies [24]. The prescription claims database in
Quebec is an accurate means of determining the drugs
dispensed to individuals. Validity studies have been also
performed for medical services claims from the RAMQ
databases [25-27].

In the present study, we used the diagnostic codes
identifying episodes of hospitalization for CHF by using
the coding of The Epidemiology, Practice, Outcome and
Costs of Heart Failure (EPOCH) study cohort [28], and the
diagnosis of CHF was confirmed with the Framingham
Study clinical criteria [29]. From a sample of the EPOCH
cohort members who had a primary discharge diagnosis
of heart failure, 93.6% had confirmed heart failure using
the Framingham criteria. In addition to the diagnostic
codes identifying episodes of hospitalization for CHF, we
also included CHF events by adding medication markers.

Cohort study
We selected a cohort of patients who had started treat-
ment with atorvastatin, fluvastatin, lovastatin, pravastatin,
simvastatin or rosuvastatin between 1 January 1999 and
31 December 2004, but who had not taken any lipid-
lowering drugs in the year preceding the first prescription.
The date of the first prescription of a statin was defined as
the cohort entry date. Patients had to be between 45 and
85 years old and to have been insured for their drugs by
the RAMQ for at least 2 years prior to entry into the cohort.
In order to be eligible, subjects must not have had any
indication of CVD as evidenced by the absence of a diag-
nosis or medical procedure in the previous 5 years and any
drug marker in the 2 years prior to the cohort entry date.
Patients had to be free of any CVD marker such as (i) CAD:
diagnosis of myocardial infarction or angina (ICD-9 codes
410-414), a medical procedure, i.e. coronary artery bypass
grafting, angiography, or angioplasty or stent, or use of
nitrate, including nitroglycerin; (ii) cerebrovascular disease:
diagnosis (430-438) or medical procedures or use of nimo-
dipine; (iii) peripheral artery disease (PAD): diagnosis of
peripheral vascular disease (440-447), medical procedure
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of noncoronary angioplasty or use of pentoxifylline; (iv)
CHF:diagnosis of CHF (398.91,402.01,402.11,402.91,428.0,
428.1 and 428.9) or the use of furosemide alone or with
digoxin, angiotensin converting enzyme (ACE) inhibitors,
spironolactone or B-blockers; (v) arrhythmia: diagnosis
(427),a medical procedure using a pacemaker or the use of
drugs for cardiac arrhythmias; (vi) valvular heart disease;
(vii) renal disease: diagnosis of renal disease (580-589), hae-
modialysis, peritoneal dialysis or drug markers; or (viii)
hepatic disease: diagnosis of hepatic disease (570). The
RAMQ drug database was used also to exclude patients
who received other drugs such as antiplatelets (excluding
low-dose aspirin) or anticoagulants during the 2 years pre-
ceding the cohort entry.

The final study cohort included 111 481 subjects who
were followed from the date of the first claim for a statin
until the first CHF event or 30 June 2005. Subjects were
censored if they switched to another class of lipid-lowering
drugs (such as fibrates, etc.), loss of coverage by RAMQ
drug plan, renal insufficiency, hepatic disease, or died.
Subjects were followed for a minimum of 6 months to a
maximum of 6.5 years. The total death rate was assessed
in the cohort.

Nested case—control study

The nested case-control was used to estimate the rate
ratio (RR) of the first CHF associated with adherence level
to statins. A CHF event was defined as the index date by a
composite end-point as defined by a diagnosis (ICD-9
codes 398.91, 402.01, 402.11, 402.91, 428.0, 428.1 and
428.9) or the use of furosemide alone or with digoxin, ACE
inhibitors, spironolactone or B-blockers. All cases of CHF
were identified and up to 15 controls were randomly
selected from the risk set for each case using density sam-
pling, e.g.by matching on age and the same follow-up time
[301.

Assessment of exposure

Within each risk set, adherence level was measured by
calculating the medication possession ratio (MPR), which
was defined as the number of days’ supply of medication
received divided by the length of follow-up [31, 32]. The
patients’ adherence level was calculated from the start of
follow-up to the time of a CHF event. In the case of the
controls, the adherence level was calculated from the start
of follow-up to the time of selection. MPR was evaluated as
categorical variable; for example, =80% of the prescribed
doses, 60-79%, 40-59%, 20-39% and 1-19% (reference
group) were used [33]. Based upon the data in the litera-
ture [34-36], the equivalent in lowering low-density lipo-
protein (LDL)-cholesterol levels was estimated by using an
equivalent dose of simvastatin.

Confounding variables
The social assistance status was identified from data in the
beneficiary’s file in the RAMQ database at the cohort entry
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date. During follow-up, the fact of developing a CAD, cere-
brovascular disease, PAD or other CVD events (suffering
either from cardiac arrhythmia, pulmonary circulation
problems or miscellaneous heart illnesses or being known
for taking anticoagulant drugs) was also included in the
model as covariable. Diabetes and hypertension were
identified in the year prior to cohort entry and during
follow-up, and these were defined as follows: diabetes by
ICD-9 code 250 or by the use of insulin or an antidiabetic
agent, and hypertension by essential hypertension ICD-9
code 401 or by the use of thiazides, ACE inhibitors with-
out furosemide, calcium channel blockers, or B-blockers
without other markers of CAD. Patients with diabetes or
hypertension diagnosed in the year preceding the index
date were considered as newly diagnosed. For the other
patients, the use of antidiabetic or antihypertensive agents
in the year before the index date was dichotomized into
two levels: high adherence, indicated by having filled >80%
of the prescribed doses, and low adherence, by having
filled <80%. Patients who were diagnosed with diabetes
mellitus or hypertension but never treated were defined as
such.The reference categories comprised subjects without
hypertension and subjects without diabetes, respectively.
Dichotomized variables were also used for respiratory dis-
eases, use of antidepressant or anxiolytic agents, and a
modified chronic disease score (level =4 or <4) [37];
and the exposure was identified in the year preceding
the index date.

Statistical analysis

In multivariable analysis, a conditional logistic regression
model was constructed to evaluate the association
between statin adherence and CHF. When studying an
exposure that varies with time, as was the case in our study
(adherence to statins), an additional level of complexity is
introduced by the need to account for time-dependent
exposure in the analysis; and this can be accomplished
by cohort analysis using Cox regression including time-
dependent covariates. Alternatively, a nested case—control
approach can be used providing the exposure and covari-
ates information for controls reflecting values correspond-
ing to the time of selection of their respective case.Nested
case—control analyses have been found to yield results that
were similar to results of Cox regression on the full
cohort when studying time-dependent exposures, with
the advantage of superior computational efficiency with
the conditional logistic regression, given that only a
sample of all possible controls is included in the risk set of
each case [38].

Unselected multivariable models were constructed to
adjust maximally for confounding and included all vari-
ables described in the Covariables section. The possible
effect of time was taken into account by stratifying the
analysis by the time of case occurrence: cases occurring in
the first year of follow-up and those after 1 year of follow-
up. The crude and adjusted RRs for CHF were determined
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through conditional logistic regression.Subgroup analyses
were created on the basis of age groups, or comorbidities,
such as diabetes or hypertension.

The robustness of our findings with regard to potential
biases introduced by unmeasured confounders was evalu-
ated by using a Monte-Carlo approach proposed by Green-
land [39, 40]. We created several scenarios with different
risk factors between the confounder and CHF [41-43]. For
each scenario, the prevalence of the unmeasured con-
founder across adherence categories was changed. Using
this analysis, we determined how the RR changes after
adjusting for the unmeasured confounder. Residuals from
regression models were assessed for violations of the
assumptions of multicollinearity or deviance [44, 45]. All
analyses were performed using Statistical Analysis System
Software (version 9; SAS Institute, Cary, NC, USA). All analy-
ses with 95% confidence intervals (Cl) are presented.

Ethical considerations

No identifiers related to patients or physicians were pro-
vided to the researchers.The Research and Ethics Commit-
tee of the University of Montreal approved the study.

Results

Patient characteristics

A flow chart of the selected cohort is shown in Figure 1.
Of the 111 481 identified patients, the mainly prescribed
statins were atorvastatin, pravastatin and simvastatin
(Table 1).Comparison of baseline demographic and clinical
characteristics revealed no major differences across the
statins. Regarding the distribution of daily doses, we found
that in most cases lower doses of statins were prescribed.

In the full cohort, 41% were men, 16% welfare recipi-
ents, 54% had hypertension and 26% had diabetes. During
follow-up, 3.8% had had only CHF (1.3/100 person-years),
6.4% of them only CAD (2.2/100 person-years), 1.8% had
only cerebrovascular disease (0.6/100 person-years), 1.5%
presented only a PAD (0.5/100 person-years), 4.8% had
other CVD events (1.6/100 person-years); but 13% had
more than two CVD events (4.4/100 person-years).The per-
centage of death during follow-up was 2.0% (0.7 per 100
person-years).

The proportion of men, social assistance, patients with
diabetes, hypertension or respiratory diseases, users of
antidepressant or anxiolytic agents was statistically higher
among the cases (Table 2). In addition, cases had experi-
enced more CVD events during follow-up than controls, as
well as presenting a higher chronic disease score.

Impact of adherence level on CHF and the risk
of CHF

The mean high adherence level of statins was approxi-
mately 74% and 54% during the first year and after 1 year

of follow-up, respectively. As shown in Table 3, in the mul-
tivariate model the CHF rate decreased by 19% among the
group with a high adherence level compared with the ref-
erence group (RR 0.81; 0.71, 0.91). When the analysis was
stratified by the time of case presentation, we found that
high adherence seemed to have had an impact on CHF in
the year following the initiation of statins. In the multivari-
ate model, social assistance, diabetes, hypertension, respi-
ratory disease and anxiolytic drug use increased the risk of
CHF. Developing a CAD, cerebrovascular disease, PAD or
other CVD events during follow-up significantly increased
the risk of CHF from 2.0 to 9.0; and those estimates
increased even more in the first year following the devel-
opment of CVD. Again, subjects having experienced more
than one CVD event received an important risk of CHF.
Finally, having a high chronic disease score also increased
the risk of CHF.

Subgroup analysis revealed a similar effect among sub-
jects <65 years old (RR 0.78;0.62,0.99) and those >65 years
old (RR 0.81; 0.70, 0.94). The fact of being adherent for
>80% decreased the risk of CHF among patients having
been diagnosed with hypertension or diabetes (RR 0.80;
0.70,0.90). Similar results were also observed among those
without hypertension and diabetes (RR 0.60; 0.38, 0.95).

Sensitivity analyses

As shown in Table 4, we considered an unmeasured risk
factor less frequent among subjects with a high adherence
level compared with those with a low adherence level. In
the scenarios with the highest probability (scenarios 5 and
6), with 15% smokers (8% current and 7% former smokers)
in the high adherence level group compared with 25%
smokers (18% current and 7% former smokers) in the low
adherence level group and with risk factors ranging from
3.0 to 4.0 for current smokers and 2.0 for former smokers,
we inverted the relationship to a nonsignificant adjusted
RR.Only the highest probability of unmeasured confound-
ers will invert the relationship to a nonsignificant RR; based
upon those scenarios, bias of that magnitude is unlikely to
be present.

Discussion

This is the first study to examine the association of the
adherence to statins with the risk of developing CHF for
primary prevention. The current results show that adher-
ence to statins exceeding 80% is associated with a reduc-
tion of 19% in the rate of CHF. Other evidence supports the
benefits of statins for CHF, but in secondary prevention. For
example, a systematic review of observational designs has
suggested that statins are associated with lower morbidity
and mortality among patients with CHF [15]. First, a Cana-
dian observational study in individuals who survived after
hospitalization for CHF and who received at least one
statin prescription within 90 days after discharge com-
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280 572 Patients taking statin drugs
between January 1, 1999, and
December 31, 2004

262 696 Patients not taking lipid-
lowering drugs in the year preceding
the index date

262 696 Patients aged 45 to 85 years
at the index date

107 293 Patients with coronary
artery disease

261 804 Patients covered at
least 2 years before the index
date by the RAMQ drug plan

111 481 Patients free of

CVD at treatment initiation

150 323 Patients with exclusion criteria *

|_[32 311 Patients with cerebrovascular
disease

30 707 Patients with peripheral
vascular disease

I 42 232 Patients with arrhythmia

|| 31 765 Patients with chronic heart
failure

17 854 Patients using antiplatelet
drugs (excluding ASA)

|| 17 688 Patients using anticoagulant

Figure 1

Flow chart of inclusion and exclusion criteria*

drugs

10738 Patients with renal
insufficiency

L 5 077 patients with hepatic disease

*Exclusion criteria were assessed in the 2 years preceding the index date for the medication and in the 5 years preceding the cohort entry for hospitaliza-

tions, diagnosis, or medical procedures

pared with nonusers was associated with a 28% lower
adjusted risk of CVD composite outcome compared with
non-users [46].Second, the use of statin for 12 months was
associated with a 59% relative risk reduction of death
among patients with advanced ischaemic and non-
ischaemic CHF [47]. Third, in a post hoc analysis of 1153
patients with severe systolic CHF of ischaemic and non-
ischaemic aetiologies in the PRASE trial [48], statin use was
associated with a 48% lower adjusted risk of death among
134 patients who had received statins for 1 year compared
with non-users. Fourth, among adults with CHF, incident
statin use was associated with a lower risk of death (24%)

710 / 66:5 / Br) Clin Pharmacol

and hospitalization (21%) in secondary prevention of CVD
among patients with or without CAD compared with non-
users [49]. Fifth, compared with non-users, statin use was
associated with a significant difference in the mortality
rate in patients with heart failure and preserved left ven-
tricular ejection fraction [50].Sixth, in an elderly population
with newly diagnosed congestive heart failure, statins pre-
sented similar effectiveness in preventing mortality [51].
Finally, statin therapy was also associated with a reduced
risk of death in patients >40 years old who had undergone
coronary angiography and with a physician-diagnosed
history of heart failure [52].
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Table 1

Characteristics of patients initiating a new statin treatment in Quebec RAMQ database in 1999-2004

Atorvastatin Fluvastatin

Number of patients 70 269 2207
Follow-up time (continuous) 1055 (+606) 1514 (+614)
Mean dose (mg) 13 (£6) 26 (+10)
Mean age (continuous)t 63 (=10) 63 (=10)
Sex (% male) 42 35
Social assistance (%)t 16 18
Diabetes mellitus (%)% 21 15
Hypertension (%)% 49 46
Respiratory diseases (%)# 10 9
Antidepressant drugs (%)% 9 8
Anxiolytic drugs (%)* 25 27
Dose distributiont

5mg 1% 0%

10 mg 78% 0%

20 mg 19% 62%

40 mg 1% 38%

80 mg 0% 0%

Lovastatin Pravastatin Rosuvastatin Simvastatin
812 13 660 7782 16 747
1498 (+644) 1322 (+642) 427 (£135) 1157 (+603)
21 (+6) 20 (+8) 11 (£3) 17 (£9)
63 (=10) 64 (=10) 63 (=10) 64 (=£10)
34 37 45 41
18 15 14 14
15 19 21 23
43 48 52 52
9 10 10 10
10 9 10 9
29 26 24 26
0% 0% 1% 6%
7% 16% 95% 43%
87% 70% 4% 44%
6% 8% 0% 7%
0% 0% 0% 0%

TAt the treatment initiation. $ICD-9 or pharmacological treatment in the year prior to the cohort entry.

Other evidence also supports the effect of statins on
CHF. First, in the 4S Study trial, patients with CAD without
CHF were randomized to simvastatin and placebo;in a post
hoc analysis, the subsequent rates of CHF were 8.3 and
10.3%, respectively [53]. Second, in the Treating to New
Targets study, atorvastatin at 80 mg compared with 10 mg
in patients with stable coronary disease significantly
reduced hospitalizations for heart failure defined as a
secondary end-point [54]. Third, in a post hoc analysis of
5010 patients with CHF from the Val-HeFT study, statins
appeared to be associated with a lower rate of mortality
[55]. Finally, limited existing randomized comparisons in
relatively small samples have yielded mixed results for
intermediate markers related to inflammatory compo-
nents, left ventricular function and other echographic
parameters [16-19].

On the other hand, the recent CORONA study [56] has
reported that among a population of older patients with
moderate to severe ischaemic systolic heart failure, despite
the favourable effects on LDL-cholesterol, high-density
lipoprotein-cholesterol and triglyceride levels and on high-
sensitivity C-reactive protein of 10 mg of rosuvastatin, no
significant result was seen on the primary composite
cardiovascular outcome or death from any cause, but a
significant reduction in the number of hospitalizations
for cardiovascular causes was observed.

The risk factors for CHF, such as the presence of hyper-
tension, myocardial infarction or diabetes, agree with the
findings from other studies [57, 58]. The coefficients asso-
ciated with CHF risk factors such as hypertension, myocar-
dial infarction and diabetes are 2.1 and 3.4,6.3 and 6.0,and
1.4 and 3.7 for men for women, respectively. The risk of
developing CHF in subjects with a predisposing medical
condition (e.g.coronary disease, valve disease or hyperten-

sion) varies over a large range depending upon the related
number of medical conditions of deteriorating cardiac
function [59]. For example, the risk of CHF in individuals
with hypertension varies over more than 10 times depend-
ing on the number of these associated risk factors. Again, a
cluster of hypertension along with dyslipidaemia, diabetes
and obesity yields a fourfold increase in the expected rate
of CHF.

The current study has attempted to overcome some
methodological problems. Given the concern about treat-
ment for selection bias, we used only incident statin users.
As with all observational studies on the effects of medica-
tions, the potential for confounding by indication should
be carefully assessed. First, since the patients studied were
all receiving statins, there is a lower likelihood of confound-
ing by indication [60]. On the other hand, we could not
control for all patient characteristics that could have influ-
enced the choice of physician.Unmeasured comorbidity as
well as missing clinical data related to cholesterol levels
could confer residual confounding effects. However, there
is no reason to believe that prescribing a different statin
would be strongly influenced by the cholesterol level.
The analysis of available baseline characteristics did not
suggest preferential prescribing of a particular statin to
sicker patients.

Second, patients with comorbidities may be more likely
to be adherent to prescribed statin as well as being
more likely to have CVD events.We controlled for CVD risk
factors and the development of CVD events through the
inclusion of relevant variables in the regression model to
decrease the bias further. The covariables were the fact of
having hypertensive status or being a diabetic patient, or
of developing a CVD event after the initiation of statin
agents. Our multivariate analysis should have minimized
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Table 2

Characteristics of patients with chronic heart failure and their 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
Numbers 1369
Age (continuous)t 68 (+9)
Mean equivalent dose (mg)# 25
Statin adherence§
1-19% 5%
20-39% 5%
40-59% 8%
60-79% 8%
=80% 74%
Sex (% male) 40
Social assistancet 14%
Having a CAD during follow-uptt 14%
Having a cerebrovascular disease during follow-upf| 2%
Having a PAD during follow-up** 0.3%
Having other CVD events during follow-upt# 8%
Having =2 CVD events 18%
Diabetes§§ 50%
Diagnosed and nontreated§s§ 5%
Newly diagnosed for diabetes mellitus§§ 10%
Antidiabetic agents adherence <80%8§8,111 8%
Antidiabetic agent adherence =80%8§8,11 27%
Hypertension§§ 75%
Diagnosed and nontreated§§ 3%
New diagnosed for hypertension§§ 16%
Antihypertensive agent adherence <80%88,11 1%
Antihypertensive agent adherence =80%8§8,11 45%
Respiratory diseases§§ 25%
Antidepressant drugs§§ 13%
Anxiolytic drugs§§ 36%
Chronic disease score (=4) 17%

Controls Cases Controls
20 462 2940 43 661
68 (+9) 67 (+9) 67 (£9)
23 23 21
5% 13% 15%
6% 9% 9%
6% 10% 9%
9% 13% 13%
74% 55% 54%
38 39 36
9% 15% 10%
2% 14% 7%
1% 3% 2%
0.6% 1.7% 1.7%
1% 1% 4%
0.8% 30% 6%
29% 50% 31%
6% 6% 7%
6% 2% 2%
4% 12% 6%
13% 30% 16%
62% 85% 70%
5% 3% 7%
14% 5% 4%
7% 18% 13%
36% 59% 46%
1% 33% 18%
9% 18% 13%
29% 46% 37%
9% 25% 1%

TAt treatment initiation. #Statins equivalent in simvastatin dose during follow-up simvastatin 20 mg = lovastatin 40 mg = pravastatin 40 mg = fluvastatin 80 mg = atorvastatin
10 mg = rosuvastatin 5 mg. §Proportion of days covered (%). YIDiagnosis of cerebrovascular disease: (ICD-9 codes 430-438) or medical procedures. **Diagnosis of peripheral artery
disease (PAD): diagnosis (ICD-9 codes 440-447), medical procedure of noncoronary angioplasty, or use of pentoxifylline). TtDiagnosis of coronary artery disease (CAD): myocardial
infarction or angina (ICD-9: 410-414), a medical procedure, i.e. coronary artery bypass grafting, angiography, or angioplasty, use of nitrate, including nitroglycerin. #+Diagnosis of
other cardiovascular disease (CVD): arrhythmia: diagnosis (ICD-9 code 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); or valvular heart disease; or anticoagulants. §§ICD-9 or pharmacological

treatment. fIfIProportion of days covered (%) in the year before the index date.

the influence of confounding factors. Nevertheless,
residual confounding effect due to incomplete or inaccu-
rate measurement of covariates or unmeasured confound-
ers cannot be excluded. For example, patients who are
non-adherent may have other traits that contribute to
worsened outcomes, including factors such as depression,
lower socioeconomic status and associated adverse health
behaviours [61]. However, we were able to adjust, at least in
part, for these factors.

The current study had other limitations. First, databases
do not allow adjustment for clinical severity. We did not
have any cholesterol values and thus could not adjust
them before and after treatment. To investigate the pos-
sible bias, we evaluated the rate of switching to other
doses and found that most patients (84%) were taking the
same, whereas the rate of switching to other statins was
9%. Second, in order to reduce the likelihood of confound-

712 |/ 66:5 / Br) Clin Pharmacol

ing by dose, we evaluated the equivalent simvastatin dose,
and the doses were comparable among cases and con-
trols. Furthermore, the observed profile of prescribing low
doses limited our ability to compare statins at higher
doses. Third, we could not adjust for blood pressure
or glycaemia, well-known CHF risk factors. However, 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 and the
risk reduction of CHF. Fourth, residual confounding by
unmeasured factors is always possible. For example, the
databases do not allow any adjustment for clinical severity
such as left ventricular hypertrophy, ejection fraction and
CHF aetiology. Fifth, RAMQ databases did not allow for lif-
estyle adjustments (e.g. smoking, lack of exercise). Since
these factors are more likely to be present among patients
who do not adhere to medications, they may introduce a



Table 3

Rate ratio of chronic heart failure

Impact of adherence to statins on prevention of heart failure BJCP

RATE RATIO (95% ClI)

Cases occurring in the first year of

follow-up and their controls

Crude

Adjusted

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

Crude

Adjusted

Statin adherencet§

1-19%

20-39%

40-59%

60-79%

=80%

Sex (male vs. female)

Social assistancet (yes vs. no)

Having a CAD during follow-uptt

Having cerebrovascular disease during follow-upfl
Having a PAD during follow-up**

Having an other CVD events during follow-upt#
Having =2 CVD events

No diabetes

Diabetes diagnosed and nontreated §§

New diagnosed for diabetes mellitus §§
Antidiabetic agent adherence <80% §8,11
Antidiabetic agent adherence =80% §8,11

No hypertension

Hypertension diagnosed and nontreated §§
New diagnosed hypertension§§
Antihypertensive agent adherence <80%88,11
Antihypertensive agent adherence =80%8§8,111
Respiratory diseases (yes vs. no)§§
Antidepressant drugs (yes vs. no)§§

Anxiolytic drugs (yes vs. no)§§

Chronic disease score (=4 vs. <4)

Reference
0.74 (0.52, 1.05)
1.19 (0.87, 1.63)
0.84 (0.61, 1.15)
0.95 (0.73, 1.23)
1.10 (0.98, 1.23)
1.84 (1.52, 2.23)
7.98 (6.63, 9.62)
2.33(1.45, 3.76)
0.52 (0.19, 1.41)
7.12 (5.58, 9.08)
29.74 (23.8, 37.1)
Reference
1.10 (0.85, 1.44)
2.08 (1.71, 2.53)
2.79 (2.24, 3.48)
2.79 (2.44, 3.19)
Reference
1.06 (0.77, 1.46)
1.81(1.52, 2.16)
2.47 (2.01, 3.03)
1.95 (1.70, 2.25)
2.63 (2.31, 2.99)
1.45 (1.23, 1.71)
1.39 (1.24, 1.56)
2.26 (1.94, 2.62)

Reference
0.70 (0.46, 1.03)
1.01 (0.70, 1.45)
0.62 (0.43, 0.99)
0.72 (0.53, 0.98)
0.97 (0.85, 1.10)
1.58 (1.27, 1.97)
11.76 (9.52, 14.53)
4.15 (2.50, 6.89)
0.92 (0.33, 2.54)
10.83 (8.23, 14.25)
45.39 (35.3, 58.33)
Reference
0.94 (0.70, 1.27)
1.98 (1.59, 2.48)
2.16 (1.66, 2.80)
2.54 (217, 2.98)
Reference
1.14 (0.80, 1.61)
1.39 (1.14, 1.69)
2.08 (1.64, 2.65)
1.60 (1.36, 1.88)
2.13(1.83, 2.48)
1.19 (0.97, 1.45)
1.13(0.99, 1.31)
1.70 (1.42, 2.04)

Reference

1.04 (0.88, 1.22)
1.11 (0.95, 1.30)
1.06 (0.92, 1.23)
1.08 (0.96, 1.21)
1.13 (1.04, 1.22)
1.83 (1.61, 2.08)
2.20 (1.97, 2.47)
1.21 (0.96, 1.53)
1.04 (0.78, 1.38)
2.62 (2.31, 2.97)
7.22 (6.59, 7.92)
Reference

1.34 (1.15, 1.57)
1.88 (1.43, 2.48)
3.13 (2.77, 3.54)
2.65 (2.43, 2.89)
Reference

0.99 (0.79, 1.25)
3.09 (2.56, 3.73)
3.10 (2.72, 3.54)
2.85 (2.55, 3.18)
2.25(2.08, 2.44)
1.40 (1.27, 1.55)
1.42 (1.32, 1.53)
2.67 (2.46, 2.94)

Reference

0.90 (0.76, 1.07)
0.91 (0.77, 1.08)
0.88 (0.75, 1.03)
0.81 (0.71, 0.91)
1.05 (0.96, 1.14)
1.28 (1.11, 1.48)
3.94 (3.46, 4.49)
2.39 (1.86, 3.05)
2.02 (1.50, 2.72)
4.48 (3.88, 5.18)
9.46 (8.46, 10.58)
Reference
1.13(0.95, 1.33)
1.40 (1.04, 1.89)
2.40 (2.09, 2.75)
2.18 (1.98, 2.41)
Reference

1.09 (0.86, 1.39)
2.06 (1.68, 2.52)
2.22 (1.92, 2.55)
2.18 (1.94, 2.46)
1.70 (1.55, 1.86)
1.07 (0.95, 1.20)
1.14 (1.05, 1.25)
2.00 (1.81, 2.21)

TAt treatment initiation. #Statins equivalent in simvastatin dose during follow-up simvastatin 20 mg = lovastatin 40 mg = pravastatin 40 mg = fluvastatin 80 mg = atorvastatin
10 mg = rosuvastatin 5 mg. §Proportion of days covered (%). IDiagnosis of cerebrovascular disease: (ICD-9 codes 430-438) or medical procedures. **Diagnosis of peripheral artery
disease (PAD): diagnosis (ICD-9 codes 440-447), medical procedure of noncoronary angioplasty, or use of pentoxifylline). +tDiagnosis of coronary artery disease (CAD): myocardial
infarction or angina (ICD-9: 410-414), a medical procedure, i.e. coronary artery bypass grafting, angiography, or angioplasty, use of nitrate, including nitroglycerin. $¥Diagnosis of
other cardiovascular disease (CVD): arrhythmia: diagnosis (ICD-9 code 427), a medical procedure using a pacemaker or the use of drugs for cardiac arrhythmias (amiodarone,
digoxin, quinidine, disopyramide, flecainamide, mexiletine, procainamide, propafenone, or sotalol); or valvular heart disease; or anticoagulants. §8ICD-9 or pharmacological
treatment. f9IProportion of days covered (%) in the year before the index date. The model was adjusted for all these variables.

Table 4

Change in rate ratio (RR) of nonfatal chronic heart failure (CHF) event after adjustment for unmeasured confounders (Greenland’s Monte-Carlo approach)

Prevalence of risk factor*
Estimated RR of
nonfatal CHF event

Odds ratiot (ClI)
Low adherence group High risk+

(high risk; medium risk)#
Scenario High adherence group

Medium risk#

1 15% (8%; 7%) 19% (12%; 7%) 1.8(1.2,2.3) 1.3(1.1,1.8) 0.84 (0.78, 0.91)
2 15% (8%; 7%) 19% (12%; 7%) 2.5(1.6, 3.5 2.0(1.2, 3.0) 0.85(0.79, 0.92)
3 15% (8%; 7%) 25% (12%; 13%) 1.8(1.2,23) 1.3(1.1,1.8) 0.85(0.79, 0.91)
4 15% (8%, 7%) 25% (18%; 7%) 1.8(1.2,2.3) 1.3(1.1,1.8) 0.87 (0.80, 0.94)
5 15% (8%; 7%) 25% (18%; 7%) 3.0(1.2,4.0 2.0(1.1, 3.0 0.94 (0.84, 1.08)
6 15% (8%; 7%) 25% (18%; 7%) 4.0(1.2,5.0) 2.0 (1.1, 3.0) 1.00 (0.87, 1.18)

*Proportion at high risk and medium risk in high-adherence and low-adherence groups. tRisk factor between the confounder and CHF event. #High risk and medium risk are defined
as smokers (proportion of current smokers or social smokers) or obesity (proportion of severe obesity or moderated).

(Table 4), only very large disparities in the smoking fre-
quency in the two groups would be able to render the RR
nonsignificant, and, based upon those scenarios, bias of
that magnitude is unlikely to be present.Sixth, information

bias [62]. The adherence level to medications may be a
marker for a better prognosis [63-65]. Given that smoking
data were not available for the regression modelling, we
evaluated the robustness of our estimates. As shown
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bias may also be possible; for example, some subjects may
have had a previous CVD that did not appear in the infor-
mation on the 5-year period prior to the cohort entry.
Therefore, it is reasonable to believe that our subjects may
not have had a symptomatic CVD, giving that no drug
markers were used in the 2 years before the cohort entry.
Finally, a possible misclassification error may be related to
statin exposure; patients pay a proportion of the drug
costs, so they may be more likely to take their drug, lower-
ing the chances of bias.

Despite those limitations, the study results provide an
association of the impact of adherence to statins on CHF
for primary prevention. It is important to raise the aware-
ness of health professionals of the need to improve
adherence to therapy. This study provides evidence of the
potential role of statins in CHF.

The Canadian Institutes Health Research (CIHR) supported
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santé du Quéec.
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