
Journal of Cardiac Failure Vol. 15 No. 3 2009
Statin Therapy and Clinical Outcomes in Heart Failure:
A Propensity-Matched Analysis
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ABSTRACT

Background: The influence of statin therapy in heart failure (HF) has been of considerable interest. The
objective of this study was to determine if statins are associated with improved outcomes in patients dis-
charged after hospitalization for HF.
Methods: Patients admitted to Ontario hospitals between 1999 and 2001 with HF were identified in the
Enhanced Feedback For Effective Cardiac Treatment study. Propensity score methods were used to assess
5-year outcomes in the overall cohort as well as in 4 subgroups: those with coronary artery disease (CAD)
or without (NoCAD), and those with preserved ejection fraction (HFPEF) or with reduced ejection frac-
tion (HFREF). Of the 6451 HF patients, 1121 were discharged with a prescription for a statin.
Results: In propensity analysis stratified on matched pairs in a Cox proportional hazards model, statins
were associated with improved mortality at 5 years overall (hazard ratio [HR] 0.85, P 5 .05) and in those
with CAD (HR 0.79, P 5 .008). Similarly, statins were associated with lower risk of the combined end
point in the CAD group (HR 0.85, P 5 .045).
Conclusions: Among patients with HF discharged from hospital, statin therapy was associated with im-
proved outcomes, particularly in patients with CAD. Stratification by ejection fraction did not differen-
tially impact the effect of statins in patients with HF. (J Cardiac Fail 2009;15:241e248)
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The 3-hydroxyl-3-methylglutaryl-coenzyme A reductase
inhibitors, or statins, have proven efficacy in reducing mor-
tality and cardiovascular morbidity in diverse populations,
including patients with dyslipidemia, coronary artery dis-
ease (CAD), cerebrovascular disease, and diabetes.1e4
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The safety and efficacy of statin therapy in patients with es-
tablished heart failure (HF) has been a matter of consider-
able interest. Two randomized trials have been published
that showed a lack of mortality benefit for rosuvastatin in
patients with HF.5,6 Examination of the real-world effect
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of statin therapy in the community may provide further in-
sights that could complement the insights emanating from
the randomized trials of statins in HF.

Clinical end points in trials of statin therapy are driven by
myocardial infarction, unstable angina, and revasculariza-
tion, whereas individuals who have HF are at increased
risk for hospitalizations for acute decompensated HF or
mortality from progressive pump failure, or sudden
death.7,8 The potential benefits of statin therapy in HF range
from direct, lipid-lowering effects on atherothrombotic
events to multiple pleiotropic effects on inflammation, en-
dothelial function, and cardiac remodeling.9,10 The risks
of unnecessary polypharmacy, however, must be considered
carefully, particularly in light of the association of lower
cholesterol with increased mortality in HF patients.11

Despite recent therapeutic advances in HF, clinical out-
comes in this population remain poor.12 The morbidity
and mortality for patients with HF and reduced ejection
fraction (HFREF) or preserved ejection fraction (HFPEF)
are substantial,13,14 and there is a growing need to define
new therapeutic targets for this population. The paucity of
HF patients in existing large statin trials has led to uncer-
tainty regarding the role of statins in this patient population.
Data on the differential effects of statin therapy on noni-
schemic versus ischemic cardiomyopathy or diastolic ver-
sus systolic HF are particularly scant.

The objective of this study was to determine if statin
therapy was associated with improved clinical outcomes
in patients with HF discharged after hospitalization. We hy-
pothesized that statin therapy would be associated with im-
proved outcomes in patients with HF and CAD, regardless
of ejection fraction.
Methods

Study Sample

The patients included in our analyses were those identified as
part of the Enhanced Feedback for Effective Cardiac Treatment
(EFFECT) study, a clinical study of acute HF patients for which
details have been previously described.7 The EFFECT study in-
cluded patients admitted to 103 acute care hospitals in Ontario,
Canada, with a primary diagnosis of HF (International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification15 code 428)
in the Canadian Institute for Health Information discharge abstract
database from April 1999 to March 2001. Approval from the
ethics review board was obtained from all participating institutions
before the study.

We examined all patients who were discharged from hospitals
alive. Patients with life-limiting noncardiac comorbidities (cancer,
dialysis-dependent renal failure, cor pulmonale, or dementia) or
obvious contraindications to statin therapy (hepatitis, hepatic cir-
rhosis) were excluded from this analysis. We also excluded pa-
tients with severe left-sided valvular or pericardial disease.
Patients who developed HF after admission, died during the index
hospitalization, or were transferred from another acute care facil-
ity were excluded. To identify patients at a similar inception point
or uniform point of disease, the EFFECT study excluded patients
who had a previous HF admission within the past 3 years.
Data Collection and Variable Definitions

Patients who met the Framingham criteria for HF16 were iden-
tified for detailed chart abstraction of demographic, clinical, labo-
ratory, and imaging data as part of the EFFECT study. Data on
drugs prescribed at hospital discharge were collected. Information
on left ventricular ejection fraction (LVEF) was abstracted from
available echocardiographic, cardiac catheterization, or radionu-
clide angiography studies.

We planned a priori to analyze 4 subgroups of interest. CAD
was defined as the presence of a prior history of myocardial infarc-
tion (MI), angina, unstable angina, coronary artery bypass graft
surgery, or percutaneous coronary intervention. Those with an
LVEF of greater than 50% or a qualitative description of ‘‘nor-
mal’’ systolic function were defined as having HFPEF, and those
with an LVEF of less than 45% or a qualitative description of
‘‘moderate’’ or ‘‘severe’’ systolic dysfunction were defined as hav-
ing HFREF. In order to clearly distinguish the 2 groups, patients
with a borderline LVEF between 45% and 50% were excluded
from analyses where stratification was based on left ventricular
systolic function.

Statistical Analysis

Patients who were discharged from hospital on statin therapy
(including those who were on therapy at the time of admission)
were compared with those who were not by using t tests for con-
tinuous variables and c2 tests for categorical variables. The pri-
mary outcome of interest was the rate of all-cause death at 5
years after the index HF discharge. We also examined the 5-
year rates of the combined end point, which included death, read-
mission for HF, and admission for coronary events or ischemic
stroke. Rates of mortality and cardiovascular morbidity were de-
termined by linking the clinical EFFECT data with the Registered
Persons Database, which contains information on the vital status
of all Ontario residents covered under the Ontario health insurance
plan, and the Canadian Institute for Health Information discharge
abstract database, which contains data on hospital admissions
throughout Canada. Prior studies have validated cardiovascular
disease diagnosis coding in the Canadian Institute for Health In-
formation discharge abstract database with high predictive values
when compared with clinical criteria.17e19

Time to death or the combined end point of all participants fol-
lowing discharge from hospital was analyzed using Cox propor-
tional hazards regression, with statin therapy as the predictor
variable and the nonstatin group as the referent category. Partici-
pants were followed until death occurred, and surviving patients
were censored at 5 years of follow-up after HF hospital discharge.
The Cox proportional hazards assumption was confirmed. Ad-
justed survival curves20 were examined comparing patients who
were discharged with and without a prescription for statin therapy.
In sensitivity analyses, we linked HF patient data to the Ontario
Drug Benefit database (which contains information on outpatient
drug use for those aged $65 years), to account for preadmission
and postdischarge statin use.

Propensity Score Methods

To ensure comparable risk between groups, a propensity score
model was created to balance measured potentially confounding
variables between patients discharged on statin therapy and those
who were not.21 The propensity score is the conditional probabil-
ity of receiving a treatment (ie, statin therapy) given a set of
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measured covariates.22e26 We estimated propensity scores for sta-
tin therapy for each of the 6451 subjects by using a nonparsimoni-
ous multivariable regression model (C statistic 0.88). The
variables used in deriving the propensity score included all mea-
sured baseline patient characteristicsdspecifically, age, sex,
CAD, hypertension, hyperlipidemia, diabetes, cerebrovascular dis-
ease, smoking history (current or previous), peripheral vascular
disease, atrial fibrillation, chronic obstructive pulmonary disease,
prior MI, prior coronary artery bypass graft surgery, prior percuta-
neous coronary intervention, gastrointestinal ulcer disease, and
laboratory values at the time of admission (hemoglobin, urea, cre-
atinine, sodium, white blood cell count).

A propensity- matched analysis was performed for the overall
cohort and separately within the CAD, no CAD (NoCAD),
HFPEF, and HFREF subgroups. Patients discharged with and
without statin therapy were matched using a greedy matching al-
gorithm on the logit of the propensity score with a caliper width of
0.2 of the standard deviation of the logit of the propensity score.23

Balances in the distribution of baseline covariates between the 2
groups were assessed by calculating standardized differences, ex-
pressed as percentages of the pooled standard deviations.24,25

Standardized differences represent residual biases in covariates
across groups, and an absolute standardized difference of less
than 10% suggests adequate balance.23 Time to death or the com-
bined end point for the propensity-matched sample following dis-
charge from hospital was analyzed using a Cox proportional
hazards regression model that stratified on matched pairs.

Statistical significance was indicated by a 2-tailed P ! .05. All
analyses were performed using SAS version 8.2 (SAS Institute
Inc, Cary, North Carolina).
Results

A total of 6451 patients were admitted for HF and met
criteria for inclusion. The average age of patients in the
study was 74.8 6 11.5 (SD) years, and 49% were female.
Of these, 1121 were discharged with a prescription for a sta-
tin (17%). Of the 6451 patients identified, 4721 (73%) had
CAD and 1730 (27%) did not (NoCAD). Less than 2% of
patients were categorized as having CAD based on angina
alone. Among those patients with an LVEF assessment (n
5 2789), 706 (25%) had HFPEF and 1473 (53%) had
HFREF. Median follow-up time for patients discharged
alive from hospital was 3.2 years, and a total of 21,323 per-
son years of follow-up were available for analysis. There
were no losses to follow-up for morbid events or death,
since all hospital admissions and deaths were identified.

Clinical Characteristics

The baseline characteristics of patients discharged alive
with and without statin therapy are shown in Table 1. Patients
discharged on statins were younger, but had greater cardio-
vascular disease and risk factor burden than those not dis-
charged on a statin. The distribution of baseline
characteristics of the CAD, NoCAD, HFPEF and HFREF
subgroups were similar, apart from those variables which de-
fined the subgroups. In each subgroup, patients discharged on
statin therapy were younger, but were more likely to have
hypertension, dyslipidemia, diabetes, and peripheral vascu-
lar disease than those not discharged on statin therapy.

Clinical Outcomes

Of the study cohort, 5171 (80%) experienced at least one of
the clinical outcomes during the 5-year observation period,
which were distributed as follows: 4070 deaths (63%),
2684 HF hospitalizations (42%), 1215 acute coronary syn-
drome events (19%), and 318 ischemic strokes (5%). Patients
who were discharged on statin therapy had lower unadjusted
5-year mortality rates than those who were not (54% vs 65%,
P ! .001). The unadjusted 5-year rates of the combined end
point (mortality, readmission for HF, admission for acute cor-
onary syndromes, or ischemic stroke) were also lower for
those discharged on statin therapy (77% vs 81%, P !
.003). When 5-year mortality was examined, patients on sta-
tin therapy in the CAD (statin vs no statin: 55% vs 68%, P !
.001) and NoCAD (statin vs no statin: 43% vs 58%, P 5 .001)
groups had improved outcomes (Figure 1, left panel). Unad-
justed rates of the 5-year combined end point including death,
readmission for HF, and admission for coronary events or is-
chemic stroke were also lower for patients on statin therapy in
the CAD group (statin vs no statin: 78% vs 84%, P ! .001)
but not significantly in those without CAD (statin vs no statin:
68% vs 73%, P 5 .24; Figure 1, right panel). In those with
HFPEF, there was no significant difference in 5-year mortal-
ity (statin vs no statin: 49% vs 55%, P 5 .20) or the composite
outcome (74% vs 73%, P 5 .72). Similarly, in those with
HFREF, there was no difference in mortality (statin vs no sta-
tin: 58% vs 61%, P 5 .31) or the composite outcome (77% vs
78%, P 5 .68).

Association of Statins With Death in Cox Models

Statin prescription at discharge was associated with a de-
creased risk of death with a hazard ratio (HR) of 0.72 (95%
CI, 0.66e0.78) in unadjusted analysis (P ! .001). After ad-
justment for age and sex, the risk reduction with statin pre-
scription remained with a HR of 0.86 (95% CI, 0.79e0.94,
P ! .001). The results of multivariable analyses, adjusted
for age, sex, CAD, hypertension, diabetes, smoking history,
cerebrovascular disease, peripheral vascular disease,
chronic obstructive pulmonary disease, and atrial fibrilla-
tion are shown in Table 2. Despite multivariable adjust-
ment, those discharged with statin therapy remained
significantly more likely to survive, with an HR in the over-
all HF cohort of 0.81 (95% CI, 0.74e0.89, P ! .001).

In analyses of clinical HF subgroups of those with CAD,
NoCAD, HFREF, and HFPEF, statin therapy remained sig-
nificantly associated with improved survival after adjust-
ment for clinical covariates in the CAD group (HR 0.86,
95% CI, 0.77e0.96, P 5 .008). However, survival was
not improved with statins in the NoCAD group (HR 0.85,
95% CI, 0.60e1.19, P 5 .34). Adjusted HRs for death in
the HFPEF and HFREF groups were 1.16 (95% CI,
0.76e1.76, P 5 .50) and 0.84 (95% CI, 0.70e1.02, P 5

.07), respectively. Adjusted survival curves for the overall



Table 1. Baseline Characteristics

Variable No Statin (n 5 5330) Statin (n 5 1121) P Value

Age, y* 78 (70e84) 71 (64e77) !.001
Sex, male 2624 (49) 648 (58) !.001
Coronary artery disease 3719 (70) 1002 (89) !.001
Hypertension 2542 (48) 683 (61) !.001
Hyperlipidemia 550 (10) 822 (73) !.001
Diabetes 1851 (35) 545 (49) !.001
Smoking history 1987 (37) 522 (47) !.001
Prior myocardial infarction 1867 (35) 626 (56) !.001
Prior coronary artery bypass grafting 511 (10) 284 (25) !.001
Prior percutaneous coronary intervention 120 (2) 89 (8) !.001
Cerebrovascular disease 751 (14) 202 (18) !.001
Peripheral vascular disease 635 (12) 207 (18) !.001
Atrial fibrillation 1530 (29) 264 (24) !.001
Chronic obstructive pulmonary disease 905 (17) 144 (13) !.001
Total cholesterol, mg/dL, mean (SD) [mmol/L], mean (SD) 170 (42) [4.41 (1.10)] 175 (53) [4.54 (1.38)] .15
Hemoglobin, g/dL, mean (SD) 12.5 (2.1) 12.6 (2.0) .61
Sodium, mEq/L, mean (SD) 138.4 (4.7) 138.7 (4.2) .07
Blood urea nitrogen, mg/dL, mean (SD) [mmol/L], mean (SD) 27.5 (17.6) [9.8 (6.3)] 28.0 (17.1) [10.0 (6.1)] .43

HF, heart failure.
Values are No. (%) unless otherwise indicated.
*Median age (interquartile range).

Fig. 1. Five-year mortality and composite end point for patients
discharged alive with heart failure. HF, heart failure; CAD, coro-
nary artery disease.
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cohort are shown in Figure 2. In sensitivity analyses, we ac-
counted for statin use and the duration of statin use prior to
the HF hospitalization in a multivariable analysis, with a re-
sultant adjusted HR of 0.78 (95% CI, 0.68e0.90, P
!0.001). Similar effects were observed when statin use
was accounted for after hospital discharge as a time-varying
covariate.

Propensity-Matched Analysis

In the propensity-matched analysis, there were 721
matched pairs composed of 1 patient who was discharged
on statin therapy and 1 who was not (see Table 3). In the
propensity-matched Cox proportional hazards model that
stratified on matched pairs, statin prescription at discharge
was associated with improved survival in the overall cohort,
with an HR of 0.85 (95% CI, 0.72e1.00, P 5 .05). How-
ever, statin prescription was more strongly associated
Table 2. Cox Proportional Hazards Model for 5-Year
Mortality for All HF Patients

Variable Hazard Ratio, (95% CI) P Value

Statin therapy 0.81 (0.74e0.89) !.001
Age, y 1.04 (1.04e1.05) !.001
Male 1.15 (1.07e1.22) !.001
Coronary artery disease 1.19 (1.11e1.28) !.001
Hypertension 0.87 (0.82e0.93) !.001
Diabetes 1.28 (1.20e1.37) !.001
Smoking history 1.01 (0.95e1.09) .72
Cerebrovascular disease 1.22 (1.12e1.33) !.001
Peripheral vascular disease 1.34 (1.22e1.46) !.001
Atrial fibrillation 1.03 (0.96e1.10) .43
Chronic obstructive

pulmonary disease
1.31 (1.21e1.42) !.001

HF, heart failure; CI, confidence interval.



Fig. 3. Estimates of the hazards of statin therapy in propensity-
matched patients discharged alive with heart failure. HF, heart
failure; CAD, coronary artery disease; HFPEF, heart failure with
preserved ejection fraction; HFREF, heart failure with reduced
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with mortality reduction in those with HF and CAD, with
an HR of 0.79 (95% CI, 0.67e0.94, P 5 .008). There
was no significant effect of statin prescription at discharge
in HF patients without CAD, with reduced ejection fraction,
or preserved ejection fraction (Figure 3). Statins were also
associated with reduced risk of the combined end point of
hospitalization for HF or acute coronary events, ischemic
stroke, and death only in the CAD group (HR 0.85, 95%
CI, 0.72e1.00, P 5 .045) but not in the overall, NoCAD,
HFPEF, or HFREF groups (Figure 3).

Discussion

There has been marked interest in the use of statin ther-
apy in established HF. In this report, we used information
ejection fraction.

Table 3. Balance of Clinical Characteristics After
Propensity Matching for the Overall HF Cohort

Variable
No Statin
(n 5 721)

Statin
(n 5 721)

Standardized
differences

Age, y* 73 (64e79) 72 (65e78) 0.01
Sex, male 408 (57) 417 (58) 0.03
Coronary artery

disease
613 (85) 631 (88) 0.07

Hypertension 437 (61) 433 (60) 0.01
Hyperlipidemia 470 (65) 470 (65) 0.00
Diabetes 340 (47) 337 (47) 0.01
Smoking history 314 (44) 332 (46) 0.05
Prior myocardial

infarction
385 (53) 382 (53) 0.01

Prior coronary
artery bypass
grafting

160 (22) 172 (24) 0.04

Prior percutaneous
coronary
intervention

45 (6) 49 (7) 0.02

Cerebrovascular
disease

117 (16) 122 (17) 0.02

Peripheral vascular
disease

126 (18) 134 (19) 0.03

Atrial fibrillation 186 (26) 184 (26) 0.01
Chronic obstructive

pulmonary disease
100 (14) 104 (14) 0.02

HF, heart failure.
Values are No. (%) unless otherwise indicated.
*Median age (interquartile range).
from a large population-based clinical study to examine
the association between statins and fatal and nonfatal out-
comes in community-based patients with HF. In this study,
we found that statin therapy was associated with a reduction
in mortality in those who were prescribed the drug, and
these effects remained after accounting for the propensity
to be treated with a statin upon HF hospital discharge. In
addition to a reduction in overall mortality with statins,
there was a 15% reduction in combined mortality and car-
diovascular morbidity, which included subsequent hospital-
izations for HF, acute coronary syndromes, and ischemic
stroke, particularly in those who had concomitant CAD
and HF, which was also observed in propensity-matched
analysis. The beneficial effects of statins were robust
when prior statin use and postdischarge statin use were
also taken into account.

To date, the evidence for the benefit of statin therapy on es-
tablished HF in community-based patient samples has not
been definitive. The Controlled Rosuvastatin Multinational
Trial in Heart Failure (CORONA) study investigated the effi-
cacy of 10 mg daily of rosuvastatin in patients who were at
least 60 years of age and had HF of ischemic etiology with re-
duced ejection fraction.5 There were no significant differences
between the 2 groups in the primary composite outcome of
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death from any cause, nonfatal MI, or nonfatal stroke (HR
0.92, 95% CI, 0.83e1.02, P 5 .12), although patients on rosu-
vastatin had fewer hospitalizations. The Gruppo Italiano per lo
Studio della Sopravvivenza nell’ Insufficienza cardiaca-Heart
Failure trial enrolled patients with symptomatic HF, irrespec-
tive of etiology or LVEF, and randomized trial enrollees to
rosuvastatin 10 mg daily or placebo.6 After a median follow-
up period of 3.9 years, there were no significant differences
between the 2 groups in all-cause death and in the combined
end point of death or cardiovascular hospitalization.

Our findings of reduced hospitalizations for cardiovascu-
lar causes and HF were consistent with CORONA.
However, the discordance in mortality between the afore-
mentioned randomized trials and observational studies
such as ours may be related to the enrollment of patients
with New York Heart Association class III or IV HF, for
whom enrollees’ physicians felt it was justifiable to poten-
tially withhold statin therapy if subjects were randomized
to placebo. Thus, patients undergoing coronary revascular-
ization procedures and those already on statins were often
excluded.27 As a result of competing risks, enrollees in CO-
RONA and GISSI-HF may have been at lesser relative risk
of nonischemic death and at greater risk of events that
would largely not be countered by statin use. In the present
study, we examined a broad community-based population,
which included those with less severe HF and those with
concomitant CAD, who may not have been fully repre-
sented in the randomized trials.

Several observational studies have examined the associa-
tion between statin therapy and clinical outcomes, most find-
ing significant benefit for statin therapy in patients with
established HF.28e31 A population-based study in older
Medicare beneficiaries hospitalized with HF showed a signif-
icant reduction in 1- and 3-year mortality.29 However, data
were not published regarding hospitalizations, nor was strat-
ification by LVEF considered. Furthermore, the majority of
observational studies28e30 did not account for the propensity
to treatment with a statin for HF. Using administrative data
sources, Go and colleagues31 performed a propensity score
analysis and reported that statin therapy benefited HF pa-
tients, with adjusted HR for mortality of 0.76 (95% CI,
0.72e0.80) and 0.79 (95% CI, 0.74e0.85) for HF hospitali-
zation. Our study adds significantly to the current literature
on statins because we examined a large cohort of HF patients
with detailed clinical data. The availability of clinical data is
important in studies with propensity-matched designs since
prior statistical studies have demonstrated that propensity ad-
justment using clinical data may be superior to that per-
formed with administrative data.32 Furthermore, we were
able to examine HF patients categorized by left ventricular
systolic function to explore the effect of statins in those
with reduced or preserved ejection fraction. Finally, we eval-
uated a number of additional outcomes, specifically those of
ischemic disease where one may anticipate the greatest ben-
efit of statin therapy in patients with HF.

The effects of statin therapy on normocholesterolemic
patients with nonischemic cardiomyopathy has been
investigated in a few small randomized trials limited to pa-
tients with systolic dysfunction.33e36 These prospective
clinical trials were small (sample size between 15 and
108 patients), follow-up duration was relatively short (rang-
ing from 4 weeks to 12 months), and they were not powered
to detect differences in clinical end points such as mortality
or hospitalizations. Despite the above, these studies found
that statin therapy resulted in an improvement of various
biomarkers, including LVEF, cardiac chamber size, endo-
thelial function, and serum levels of inflammatory markers
such as C-reactive protein, interleukin-6, and tumor necro-
sis factor a.33e36

The effects of statin therapy on patients with HFPEF re-
main largely unexplored. Although the GISSI-HF trial did
not restrict patients by LVEF, only 10% of enrollees had
an LVEF greater than 40%. This subgroup was too small
to draw conclusions about the efficacy of statin therapy in
patients with HFPEF. A small prospective study measured
diastolic function by echocardiography prior to and follow-
ing initiation of statin therapy. Atorvastatin initiation was
associated with worsening indices of diastolic function,
which were reversed by supplementation with coenzyme
Q10.37 To date, only 1 prospective cohort study of statin
therapy in HFPEF has been published. Fukuta and col-
leagues38 evaluated 137 consecutive patients with HF and
an LVEF of $50%, with a mean follow-up of 21 months.
They found that statin therapy was associated with signifi-
cantly improved survival with an adjusted risk of death of
0.20 (0.06e0.62). These results are in contrast to our study
results, which found no significant improvement in survival
in those with HFPEF in a larger study sample with longer
duration of follow-up.

It is likely that the efficacy of statin therapy observed in
our study relates primarily to plaque stabilization and pre-
vention of antithrombotic events. Autopsy findings in pa-
tients with HF and sudden death revealed a significant
number of acute coronary syndromes precipitated by plaque
rupture,39 leading to the hypothesis that coronary events
may be responsible for a greater proportion of adverse out-
comes in HF than previously suspected. It has been sug-
gested that patients with nonischemic cardiomyopathy
may benefit from the pleiotropic effects of statin therapy,
including improved endothelial and autonomic function,
left ventricular remodeling, and anti-inflammatory proper-
ties. However, there is as of yet limited evidence that these
pleiotropic effects will translate into improved outcomes in
patients with nonischemic cardiomyopathy with low or nor-
mal cholesterol levels.10

Concern has been raised regarding the possible harmful
effects of statins in patients with HF. Low serum lipid levels
have been associated with increased mortality in HF pa-
tients, a phenomenon termed reverse epidemiology that
has also been observed with body weight and blood pres-
sure in this population.11,40e42 One proposed explanation
for these adverse events is the endotoxin-lipoprotein hy-
pothesis, which suggests that lipoproteins may protect the
myocardium against inflammation by acting as scavengers
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of endotoxins.43 Additionally, through inhibition of meval-
onate synthesis, statins reduce levels of the micronutrient
ubiquinone (coenzyme Q), an essential component of mito-
chondrial oxidative phosphorylation and an endogenous an-
tioxidant.44,45

This study has limitations that require comment. Al-
though our study suggests a relationship between statin
therapy and improved clinical outcomes, it was observa-
tional in nature, and therefore we cannot definitively infer
a causal relationship as might be anticipated from a random-
ized controlled trial of statin efficacy. Additionally, we were
unable to determine how physicians chose the patients to be
discharged home with statin therapy during a time when
guidelines for lipid therapy were more restrictive than cur-
rently recommended. However, disparities often exist be-
tween randomized trials and findings in the real world,
underscoring the importance of community-based observa-
tional studies.46e49 Despite reducing bias through propen-
sity score methods, there may have been confounding
from unmeasured variables. However, we examined an ar-
ray of important clinical predictors of statin use and were
able to identify the important discriminative predictors of
statin prescription at discharge in our propensity-matched
analyses. Although our analyses found a significant effect
of statins in those with CAD, the number of HF patients
without CAD treated with statins was small (n 5 119)
and the magnitude of the HRs similar between groups,
with the attendant potential that we may have been under-
powered to detect an effect in the non-CAD group. In addi-
tion, we may have been underpowered to detect a difference
in the subgroup analyses exploring the effect of statins in
patients with HF and preserved or reduced ejection fraction.

In conclusion, statin therapy was associated with signif-
icantly improved 5-year mortality and morbidity in patients
with HF discharged alive from hospital. After both tradi-
tional risk adjustment and propensity score methods, the
observed improved outcomes were predominantly in HF
patients with evidence of concomitant CAD. In light of
available data from recent large randomized trials, our
study suggests that statins may be beneficial in HF patients
if specific indications such as prior MI or coronary disease
coexist. In subgroups of patients with HF of ischemic ori-
gin, the benefits of treatment with a statin may be sufficient
to outweigh the risk of competing causes of death that are
nonischemic in nature.
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