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Abstract

Objective: To assess the relationship between statins and prognosis in ischemic and nonischemic patients with heart
failure (HF) in a real-life cohort followed up for a long period.
Patients and Methods: This prospective study included 960 patients with HF with preserved or depressed left
ventricular ejection fraction (LVEF), irrespective of HF etiology, who were referred to the HF clinic of a university
hospital between August 1, 2001, and December 31, 2008. The patients were followed up for a maximum of 9.1 years
(median, 3.7 years), and survival in ischemic and nonischemic patients was determined.
Results: Median age was 69 years, and median LVEF was 31%. Of the 960 patients, 532 (55.4%) had ischemic HF etiology, and
most received angiotensin-converting enzyme inhibitors or angiotensin receptor blockers (846; 88.1%) and �-blockers (776;
80.8%).PatientswithHFof ischemicoriginweremoreoften treatedwithstatins (P�.001).During follow-up,440patients (45.8%)
died. Statin therapy was associated with significantly improved survival (hazard ratio, 0.45 [95% confidence interval, 0.37-0.54];
P�.001). After adjustment for HF prognostic factors (age, sex, cholesterol level, New York Heart Association class, HF etiology,
LVEF, body mass index, HF duration, atrial fibrillation, implantable cardioverter-defibrillator therapy, and medicines), statins
remained significantly associated with lower mortality risk in both ischemic (P�.007) and nonischemic (P�.002) patients.
Conclusion: In contrast to results of large randomized trials, statins were independently and significantly associated
with lower mortality risk in our real-life HF cohort, including patients with nonischemic HF etiology.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(6):555-560
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S mall prospective trials have suggested that
statin treatment in patients with heart failure
(HF) have a positive impact that is pleiotropic

and irrespective of atherosclerotic burden con-
trol.1,2 Moreover, observational studies and post
hoc analyses of randomized trials designed to test
drugs other than statins suggest that this therapy
could have a positive influence on the prognosis of
patients with HF.3-6 On the basis of these promising
findings, large randomized trials with rosuvastatin,
the GISSI HF trial (GISSI-HF) and the Controlled
Rosuvastatin Multinational Trial in Heart Failure
(CORONA), were undertaken. The results of these
trials were opposite to what was expected, showing
that rosuvastatin did not reduce the number of
deaths in patients with HF.7,8 Of note, both studies
were performed with the same drug and dose. Be-
cause of the controversy generated by the results of
these randomized trials, we analyzed the relation-
ship between the use of statins and the prognosis of
ischemic and nonischemic patients with HF in a
real-life cohort over a long follow-up period.

PATIENTS AND METHODS
The study population consisted of 960 consecutive
patients referred to the HF clinic of a university hos-

pital between August 1, 2001, and December 31,
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2008. Our HF unit is an ambulatory clinic inte-
grated into a tertiary care hospital. Most patients
were referred from cardiology (678; 71%) and inter-
nal medicine (145; 15%) wards; 47 (5%) came from
the emergency department or short-stay unit, and
90 (9%) from other hospital wards (eg, oncology,
nephrology, respiratory). The principal referral cri-
terion was HF irrespective of etiology (at least 1 HF
hospitalization and/or reduced left ventricular ejec-
tion fraction [LVEF]). Of the 960 patients, 623
(65%) had at least 1 hospital admission for HF in the
previous year. All patients were followed up regularly
at the HF clinic according to their clinical status. Fol-
low-up visits took place every 3 months with a nurse
and every 6 months with a physician (cardiologist, in-
ternist, or family physician); there also were optional
visits from specialists in geriatrics, psychiatry, and re-
habilitation. At first visit, all patients gave written con-
sent for obtaining analytical samples and using their
clinical data for research purposes. The study was per-
formed in compliance with the law protecting personal
data in accordance with the international guidelines on
clinical investigation of the World Medical Association
Declaration of Helsinki.

Patients were followed up for a maximum of 9.1
years for living patients (median, 3.7 years [inter-

quartile range, 2.1-6.3 years]).
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TABLE 1. Demographic, Clinical, Biochemical, and Pharmacological Treatment Data of Study Populationa-c

Characteristic
Total cohort

N�960
Statin treatment

n�591
No statin treatment

n�369 P value

Age (y) 69 (59-76) 67 (57-73) 72 (62-79) .001

Female sex 279 (29.1) 143 (24.2) 136 (36.9) .001

Ischemic etiology 532 (55.4) 413 (69.9) 119 (32.2) .001

Heart failure duration (mo) 12 (2-48) 12 (1-50) 10 (2-48) .55

LVEF (%) 31 (24-39) 31 (24-37) 30 (23-44) .11

Preserved LVEF (�40%) 236 (24.6) 120 (20.3) 116 (31.4) .001

NYHA functional class .001

I 55 (5.7) 39 (6.6) 16 (4.3)

II 528 (55.0) 354 (59.9) 174 (47.2)

III 353 (36.8) 188 (31.8) 165 (44.7)

IV 24 (2.5) 10 (1.7) 14 (3.8)

Comorbidities

Hypertension 563 (58.6) 352 (59.6) 211 (57.2) .47

Diabetes mellitus 377 (39.3) 252 (42.6) 125 (33.9) .007

Hypercholesterolemia 411 (42.8) 346 (58.5) 65 (17.6) .001

COPD 200 (20.8) 113 (19.1) 87 (23.6) .09

Renal failure (CrCl, �60 mL/min) 512 (53.3) 291 (49.2) 221 (59.9) .001

Anemia (Hb, �12 g/dL) 317 (33.0) 168 (28.4) 149 (40.4) .001

Peripheral vascular disease 171 (17.8) 106 (17.9) 65 (17.6) .90

OSAS 40 (4.2) 23 (3.9) 17 (4.6) .59

Atrial fibrillation 162 (16.9) 73 (12.4) 89 (24.1) .001

Left atrium diameter (mm/m2) 25.6 (22.7-29.0) 24.9 (22.4-28.0) 27.2 (23.8-30.8) .001

LBBB 129 (13.4) 82 (13.9) 47 (12.7) .62

Serum urea (mg/dL) 57 (43-82) 55 (42-78) 61 (44-86) .009

Serum sodium (mmol/L) 139 (137-141) 139 (137-141) 139 (136-141) .99

Serum total cholesterol (mg/dL) 170 (143-201) 174 (151-205) 163 (135-194) .001

Systolic BP (mm Hg) 120 (110-140) 120 (110-140) 120 (110-140) .99

Heart rate (beats/min) 72 (63-81) 70 (62-80) 75 (67-85) .001

BMI (kg/m2) 27.1 (24.1-30.5) 27.5 (24.6-30.5) 26.5 (22.7-30.4) .001

Treatments (follow-up)

ACEI or ARB 846 (88.1) 547 (92.6) 299 (81.0) .001

�-Blockers 776 (80.8) 529 (89.5) 247 (66.9) .001

Antialdosterone 343 (35.7) 200 (33.8) 143 (38.8) .12

Loop diuretics 803 (83.6) 473 (80.0) 330 (89.4) .001

Digoxin 292 (30.4) 152 (25.7) 140 (37.9) .001

Amiodarone 211 (22.0) 121 (20.5) 90 (24.4) .15

Hydralazine 316 (32.9) 187 (31.6) 129 (35.0) .29

Nitrates 517 (53.9) 362 (61.3) 155 (42.0) .001

Anticoagulants 406 (42.3) 256 (43.3) 150 (40.7) .42

Antiplatelet 602 (62.7) 430 (72.8) 172 (46.6) .001

ICD 80 (8.3) 67 (11.3) 13 (3.5) .001

CRT 44 (4.6) 33 (5.6) 11 (3.0) .06

aACEI � angiotensin-converting enzyme inhibitor; ARB � angiotensin receptor blocker; BMI � body mass index; BP � blood pressure; COPD � chronic obstructive pulmonary
disease; CrCl � creatinine clearance; CRT � cardiac resynchronization therapy; Hb � hemoglobin; ICD � implantable cardioverter-defibrillator; LA � left auricle; LBBB � left
bundle branch block; LVEF � left ventricular ejection fraction; NYHA � New York Heart Association; OSAS � obstructive sleep apnea syndrome.
bSI conversion factors: To convert creatinine clearance values to mL/sec, multiply by 0.0167; to convert hemoglobin values to g/L, multiply by 10.0; to convert urea values
from mg/dl to mmol/L, multiply by 0.16585; to convert urea into blood urea nitrogen, multiply urea values by 0.466; to convert cholesterol values to mmol/L, multiply
by 0.0259.
c
Data are expressed as median (interquartile range) or absolute number (percentage).
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Data Collection
Patients’ clinical status, treatment, and biochemical
data were prospectively obtained at baseline. Pa-
tients were classified as ischemic or nonischemic ac-
cording to the baseline etiology of their HF syn-
drome. Patients were considered to have HF of
ischemic etiology when their ventricular dysfunc-
tion was secondary to myocardial infarction or to
diffuse severe coronary artery disease. In the ische-
mic etiology group, 83% of patients had a previous
myocardial infarction. Nonischemic HF was caused
by idiopathic dilated cardiomyopathy (90 patients;
21%), hypertensive heart disease (93; 22%), alco-
holic cardiomyopathy (50; 12%), drug-related car-
diomyopathy (18; 4%), valvular disease (101; 24%),
and other causes (76; 18%). The vital status and
cause of death were checked every 3 months. If a
patient did not come to a scheduled visit, telephone
contact with the patient or patient’s relatives was
attempted. If contact was not possible and death was
not certified by clinical records from other hospital
wards, the emergency department, or general prac-
titioners, vital status was checked from registries of
the Catalan and Spanish Health Systems.

Statistical Analyses
Descriptive analyses were performed at the first
step. Categorical variables were described by fre-
quencies and percentages. Continuous variables
were described by means and standard deviations or
medians and interquartile ranges in case of skewed
distribution. Baseline characteristics of ischemic and
nonischemic patients were examined by the �2 test
for categorical variables. The comparison of contin-
uous variables between groups was performed using
analysis of variance for unpaired data once normal-
ity was demonstrated (Kolmogorov-Smirnov test);
otherwise, a nonparametric test (Mann-Whitney or
Kruskal-Wallis test) was used. To identify indepen-
dent predictors of death, a multivariate Cox propor-
tional hazards model (Enter Method with all covari-
ates together) was performed, adjusting for classic
covariates and including the covariates statistically
significant at the univariate analysis. Significant pre-
dictors of mortality were expressed in terms of haz-
ard ratios (HRs) and 95% confidence intervals (CIs).
Kaplan-Meier survival curves were plotted, and the
groups were compared using the log-rank test. Sta-
tistical analyses were performed using SPSS 11 sta-
tistical package (SPSS Inc, Chicago, IL). A 2-sided
P�.05 was considered significant.

RESULTS
Of the 960 patients with HF enrolled in the present
study, 681 (70.9%) were men and 279 (29.1%)

were women. Table 1 displays demographic, clini-
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cal, and biochemical data at enrollment, as well as
the pharmacological treatment of patients during
follow-up. The median patient age was 69 years (in-
terquartile range, 59-76 years). Most patients were
in New York Heart Association (NYHA) functional
classes II (528; 55.0%) and III (353; 36.8%) at in-
clusion and were treated with angiotensin-convert-
ing enzyme inhibitors or angiotensin receptor
blockers and �-blockers. The median LVEF was
31%. Systolic function was preserved (LVEF,
�40%) in 236 patients (24.6%) vs 724 (75.4%)
with systolic dysfunction, and 532 patients (55.4%)
had ischemic etiology. Heart failure etiology and sta-
tin use are shown in Figure 1. Patients with an
ischemic etiology were more often treated with
statins (P�.001). The main statins used were sim-
vastatin and atorvastatin (573 of 591 patients,
97.0%). More patients in the statin treatment
group had diabetes, renal failure, and anemia;
they had less atrial fibrillation and were treated
more intensely for HF.

During the follow-up period, 440 patients
(45.8%) died. The causes of death, both cardiovas-
cular and noncardiovascular, are shown in
Figure 2, and no differences were found for the
statin and no-statin treatment groups (P�.34). Car-
diovascular death was registered for a total of 272
patients (28.3%), including 148 (15.4%) in the sta-
tin treatment group and 124 (12.9%) in the no-
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FIGURE 1. Heart failure etiology of the study
population. Difference between patients treated
with statins and patients not treated with statins
was P�.001. ADR � drug-related cardiomyop-
athy; DCM � idiopathic dilated cardiomyop-
athy; Hypert � hypertensive cardiomyopa-
thy; IHD � ischemic heart disease; OH �
alcoholic cardiomyopathy; Valv � valular
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statin treatment group (P�.09). However, statin
therapy was associated with significantly improved
survival in patients with HF of both ischemic and
nonischemic etiology as observed in Cox regression anal-
ysis (HR, 0.45 [95% CI, 0.37-0.54]; P�.001). Figure 3
shows Kaplan-Meier survival curves for patients
with HF of both ischemic and nonischemic etiology
with or without statin treatment. In analyses of
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FIGURE 2. Causes of death reported in the
study population. Difference between pa-
tients treated with statins and patients not
treated with statins was P�.34. AMI � acute
myocardial infarction; CV � cardiovascular.
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causes of death, the Cox HRs of statin treatment for
cardiovascular death were as follows: HR, 0.52
(95% CI, 0.41-0.65); P�.001 for total population;
HR, 0.41 (95% CI, 0.30-0.55); P�.001 for ischemic
patients; and HR, 0.39 (95% CI, 0.26-0.59);
P�.001 for nonischemic patients. The Cox HRs of
statin treatment for noncardiovascular death were as
follows: HR, 0.33 (95% CI, 0.23-0.46); P�.001 for
total population; HR, 0.24 (95% CI, 0.14-0.39);
P�.001 for ischemic patients; and HR, 0.37 (95%
CI, 0.22-0.64); P�.001 for nonischemic patients.
After adjustment for demographic and HF prognos-
tic factors, including age, sex, cholesterol levels,
NYHA functional class, HF etiology, LVEF, comor-
bidities, body mass index, hemoglobin level, creatinine
clearance, HF duration, atrial fibrillation, implantable
cardioverter-defibrillator therapy, and pharmacologi-
cal treatment, statin therapy remained significantly as-
sociated with a lower risk of all-cause death in both
ischemic and nonischemic patients (Table 2).

When analyzing the effect of statin treatment
across NYHA functional classes, we found that the
positive effects were maintained in both groups I-II
(HR, 0.60 [95% CI, 0.43-0.84]; P�.003) and III-IV
(HR, 0.53 [95% CI, 0.38-0.74]; P�.001).

DISCUSSION
Although large randomized trials found that statin
treatment did not reduce the number of deaths in
patients with HF,7,8 our study suggests that “real-
ife” patients taking statins have better survival than
atients with HF who are not treated with them.
ur results concur with previous data reported be-

ore the GISSI-HF and CORONA trials era.3-6

These 2 large, randomized, placebo-controlled
rials were designed to evaluate the role of statins in
he prognosis of HF. However, both trials have is-
ues worthy of clinical interpretation.9 For example,
he CORONA trial enrolled mostly an old cohort
mean age, 73 years), with all patients older than 60
ears. In the GISSI-HF trial, patients already taking
tatins were not included, which may have resulted
n more patients with severe ischemia being excluded
rom the trial (HF of ischemic etiology represented
nly 40% of patients). In addition, patients receiving
ardiac resynchronization therapy were either ex-
luded or represented a small percentage of the studied
opulation, and a recent retrospective analysis of the
omparison of Medical Therapy, Pacing, and Defibril-

ation in Heart Failure (COMPANION) trial found
hat statin use is associated with improved survival
n patients with advanced HF receiving resynchro-
ization therapy.10 An editorial accompanying the
ORONA study already points out that “trials sim-
ly must focus more attention on including patients
ho are representative of those seen in clinical
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STATINS IN HEART FAILURE
Another issue is that both trials were conducted
using the same statin, rosuvastatin, at the same dose
(10 mg). First, regarding the dose, other trials have
shown more beneficial results with higher doses.12

Second, rosuvastatin is a hydrophilic statin, which re-
lies on active transport into hepatocytes to exert its
effect and has poor penetration into extrahepatic tis-
sues; thus, it has less risk of adverse effects but also very
low uptake by cardiac muscle. By contrast, simvastatin
and other lipophilic statins (most commonly used in
this cohort) tend to achieve higher levels of exposure in
nonhepatic tissues and have very high cardiac muscle
uptake.13,14 In a recent meta-analysis of randomized
controlled trials of statins in HF that included the
GISSI-HF and CORONA trials, it was observed that
randomization to lipophilic statins showed a signifi-
cant benefit not observed in patients randomized to
rosuvastatin.15 The authors discussed that benefits of
statins in patients with HF should not be considered a
class effect. They did not find any correlation between
statin dose equivalence and outcome, suggesting that
the type of statin used has a greater impact on outcome
than the statin dosage in patients with HF.15 In real life,
most patients take lipophilic statins.

An alternative theory has been raised to explain

TABLE 2. Multivariate Cox Regression Analysis for Isc

Ischemic etiology

Characteristic Cox HR (95% CI) P valu

Age 1.04 (1.02-1.05) �.00

Female 0.79 (0.55-1.15) .23

NYHA 1.23 (0.97-1.57) .09

LVEF 0.99 (0.98-1.00) .04

Diabetes 1.98 (1.51-2.59) �.00

Cholest 1.00 (0.99-1.00) .78

COPD 1.05 (0.75-1.46) .79

PVD 1.71 (1.26-2.31) .00

BMI 1.04 (1.01-1.08) .02

Hb 0.96 (0.88-1.05) .41

CrCl 0.99 (0.98-0.99) .00

t 1.00 (0.99-1.01) .26

AF 1.07 (0.66-1.74) .78

Statins 0.66 (0.49-0.89) .00

ACEI/ARB 0.52 (0.36-0.76) .00

�-Blockers 0.38 (0.26-0.55) �.00

Antipl 0.73 (0.51-1.05) .09

ICD 0.71 (0.42-1.18) .19

ACEI � angiotensin-converting enzyme inhibitor; AF � atrial fib
Cholest � cholesterol; CI � confidence interval; COPD � chro
duration from onset; HR � hazard ratio; ICD � implantable car
PVD � peripheral vascular disease.
the controversial results between real-life cohorts and
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the large randomized trials: if patients with ischemic
heart disease typically derive substantial benefit from
statin therapy,16 at some point after the development
f HF their cardiovascular disease is too advanced to be
odified by statin therapy.17 In fact, in the CORONA

rial the lowest N-terminal pro-B-type natriuretic pep-
ide tertile did benefit from rosuvastatin therapy, with
significant reduction in the primary end point.18 It
as been suggested that in milder HF, coronary events
an be modified by statins, whereas in severe HF, pro-
ressive loss of pump function is not substantially im-
roved by statin treatment.19 In our population, all

NYHA functional classes benefited from statin treat-
ment, including those patients with more advanced
functional impairment. We have N-terminal pro-B-
type natriuretic peptide data for a limited sample of
patients, and thus we could not perform a similar anal-
ysis to that of the CORONA study.

Furthermore, the benefit obtained in noncar-
diovascular deaths is remarkable and was more im-
portant in patients with ischemic etiology (HR, 0.24
[95% CI, 0.14-0.39]; P�.001). There has been
much debate and discussion about the role of non–
lipid-lowering benefits of statins, and their pleiotro-

ic vs Nonischemic Patients With Heart Failure

Nonischemic etiology

Cox HR (95% CI) P value Cox HR

1.03 (1.01-1.05) .003 1.03 (1

0.61 (0.41-0.91) .02 0.72 (0

1.53 (1.16-2.01) .003 1.36 (1

0.99 (0.99-1.01) .62 0.99 (0

1.02 (0.69-1.51) .91 1.50 (1

0.99 (0.99-1.00) .05 0.99 (0

1.21 (0.82-1.79) .34 1.18 (0

1.59 (0.98-2.59) .06 1.62 (1

0.96 (0.92-0.99) .03 0.99 (0

0.93 (0.85-1.03) .15 0.95 (0

0.99 (0.99-1.01) .76 0.99 (0

1.00 (1.00-1.01) .03 1.00 (1

1.08 (0.72-1.61) .71 0.99 (0

0.54 (0.37-0.79) .002 0.66 (0

0.61 (0.37-1.00) .05 0.52 (0

0.57 (0.39-0.84) .004 0.51 (0

0.77 (0.54-1.11) .16 0.85 (0

0.76 (0.33-1.78) .53 0.77 (0

on; Antipl � antiplatelet therapy; ARB � angiotensin receptor blo
structive pulmonary disease; CrCl � creatinine clearance; Hb � h

rter-defibrillator; LVEF � left ventricular ejection fraction; NYHA �
hem

All patients

e (95% CI) P value

1 .02-1.05) �.001

.55-0.93) .01

.14-1.63) .001

.98-0.99) .02

1 .22-1.85) �.001

.99-1.00) .17

.92-1.49) .19

1 .26-2.09) �.001

.97-1.02) .83

.89-1.01) .13

4 .99-0.99) .03

.00-1.00) .006

.74-1.34) .98

7 .53-0.83) �.001

1 .39-0.69) �.001

1 .39-0.66) �.001

.67-1.07) .16

.49-1.18) .23

rillati cker; BMI � body mass index;
nic ob emoglobin; HF t � heart failure
diove New York Heart Association;
pic effects have been proposed to contribute to pro-
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tection against deaths due to infections and other
respiratory illnesses.20,21

The limitations of our study include, first, the fact
that it is an observational study. Second, the differ-
ences between statin and no-statin groups could act as
confounders. However, a very comprehensive multi-
variate analysis was performed to minimize the influ-
ence of such differences, and statins remained highly
significant in all the analyses, with HRs changing from
0.45 in the univariate analysis to 0.66 in the multivar-
iate analysis. Nevertheless, although multivariate anal-
ysis can eliminate many covariates, it cannot eliminate
the factor causally related to the decision to prescribe
statins in patients who are likely to benefit from the drug,
which can be considered as “indication bias.”

CONCLUSION
Several issues regarding the large randomized trials
performed to assess the prognostic benefit of statins
in patients with HF may explain the differences be-
tween their results and those in our and other real-
life cohorts. The results derived from our population
of prospectively enrolled patients who attended an HF
clinic suggest that additional randomized trials with
longer follow-up periods should be performed to as-
sess the effect of statins other than rosuvastatin in pa-
tients with HF who are representative of those in clin-
ical practice.
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