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Background-—The beneficial prognostic impact of statins has been established in patients with ischemic heart disease but not in
those with heart failure (HF). In addition, it is still unclear whether patients benefit from statins regardless of low-density lipoprotein
cholesterol levels.

Methods and Results-—We examined 2444 consecutive stage C or D HF patients with ischemic heart disease registered in CHART-
2 (Chronic Heart Failure Registry and Analysis in the Tohoku District 2), a multicenter, prospective, observational cohort study in
Japan. Patients were divided into 3 groups according to the Japanese standard doses of statins and statin-intensity categories
defined by the 2013 American College of Cardiology and American Heart Association guidelines: higher (moderate-high)-intensity
(n=868), lower (low)-intensity (n=526), and no statin (n=1050). The median follow-up period was 6.4 years (13929 person-years).
Analysis with the inverse probability of treatment weighted using a propensity score for multiple treatment revealed that both the
higher-intesity group (hazard ratio [HR]: 0.68; P<0.001) and the lower-intensity group (HR: 0.82; P<0.001) had significantly lower
incidence of the primary end point—a composite of all-cause death and HF admission—compared with the no statin group. The
higher-intensity statin group had significantly lower incidence of the primary end point (HR: 0.82; P<0.001), all-cause death (HR:
0.83; P<0.001), and HF admission (HR: 0.78; P<0.001) than the lower-intensity statin group. Moreover, the use of statins, either
higher- or lower-intensity, was associated with reduced incidence of the primary end point, regardless of low-density lipoprotein
cholesterol levels.

Conclusions-—These results suggest that statin use, particularly the use of higher-intensity statins, has a beneficial prognostic
impact in HF patients with ischemic heart disease, regardless of low-density lipoprotein cholesterol levels.

Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00418041. ( J Am Heart Assoc. 2018;7:
e007524. DOI: 10.1161/JAHA.117.007524.)
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S tatins—HMG-CoA (3-hydroxy-3-methylglutaryl–coenzyme
A) reductase inhibitors—have been widely used for

primary and secondary prevention of atherosclerotic events
in patients with and those at risk of ischemic heart disease
(IHD), as a number of studies have shown a beneficial impact
on clinical outcomes in patients with atherosclerotic

cardiovascular disease (ASCVD).1–7 In contrast, the prognos-
tic impact of statins in patients with heart failure (HF) has
been controversial: 2 large landmark trials of HF patients—
CORONA (Controlled Rosuvastatin Multinational Trial in Heart
Failure) and GISSI-HF (Gruppo Italiano per lo Studio della
Sopravvivenza nell’Insufficienza cardiaca–Heart Failure)—
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failed to demonstrate prognostic benefits of statins in those
patients.8,9 Nevertheless, several observational studies have
shown a salutary impact of statin therapy in HF patients,10–12

and individual-level reanalyzes of the CORONA and GISSI-HF
studies have demonstrated a modestly but significantly
decreased risk of myocardial infarction.13 It remains to be
examined whether statins could benefit HF patients and
particularly those with IHD, which has been rapidly increasing
worldwide as a major cause of morbidity and mortality.14–16

The 2013 American College of Cardiology and American
Heart Association (ACC/AHA) guidelines recommend inten-
sive statin therapy with high or moderate intensity for high-
risk patients for secondary prevention of ASCVD, rather than
targeting low-density lipoprotein cholesterol (LDL-C) levels.17

This recommendation is based on findings that intensive lipid-
lowering therapies with strong statins have more favorable
outcomes in IHD patients.18–20 However, it remains contro-
versial whether the beneficial prognostic impact of strong
statins is attributable to intensive reduction in LDL-C levels in
IHD patients.21 In contrast to the ACC/AHA guidelines, the
European Society of Cardiology and European Atherosclerosis
Society guidelines and the Japanese Circulation Society
guidelines recommend treatments targeting LDL-C levels for
secondary prevention of ASCVD.22,23 In the present study, we

examined the prognostic impact of statin use in ischemic HF
patients, with special reference to statin intensity and LDL-C
levels, using our database for the CHART-2 (Chronic Heart
Failure Registry and Analysis in the Tohoku District 2)
study.24–30

Methods

Data Source
CHART-2 data that support the findings of this study are
available from the corresponding author on reasonable
request. The CHART-2 study has been described in detail
previously.24–30 Briefly, CHART-2 (n=10219) is a multicenter,
prospective, observational cohort study designed to identify
the characteristics, mortality, and prognostic risks of patients
with a history of HF and those without HF but at high risk of
HF in Japan.24–30 From October 2006 to March 2010, 10219
consecutive stable patients at outpatient clinics or just before
discharge aged >20 years were successfully enrolled in
CHART-2 if they had stage B, C, or D HF or significant
coronary artery disease in stage A, as defined according to
the ACC/AHA guidelines.31 In the present cohort study,
patients who were asymptomatic but had structural heart
disease and/or impaired left ventricular (LV) function were
categorized as being in stage B. Stage C was defined as
current or past symptoms of HF associated with underlying
structural heart disease. Stage D was defined as refractory HF
for which specialized and advanced treatment strategies were
indicated. HF was diagnosed by experienced cardiologists
using the criteria of the Framingham Heart Study.32 There
were no exclusion criteria in the CHART-2 study. The study
protocol was approved by the local ethics committees of 24
participating hospitals in the Tohoku district of Japan. Eligible
patients were consecutively enrolled after written informed
consent was obtained. Baseline and follow-up data, including
medical history, laboratory and echocardiography data, and
clinical outcomes, were collected at the time of enrollment
and recorded annually thereafter at least once a year. IHD was
defined by a present or past history of myocardial infarction,
angina pectoris, and/or significant coronary artery stenosis
identified on ECG and/or coronary angiography.

Study Design
The study flowchart is shown in Figure 1. Of 10219 patients
in CHART-2, 5333 patients in stage A or B, 2424 without IHD,
and 18 without sufficient data were excluded; we finally
enrolled 2444 eligible stage C or D HF patients with IHD in the
present study. These patients were divided into 3 groups
according to statin treatment at enrollment and intensity of
statin treatment (higher- or lower-intensity) defined based on

Clinical Perspective

What Is New?

• In this multicenter, prospective, observational study, use of
statins—particularly of higher-intensity statins—was asso-
ciated with better prognosis in heart failure patients with
ischemic heart disease, regardless of low-density lipoprotein
cholesterol levels.

• Of note, the use of higher-intensity statins was particularly
associated with favorable outcomes in heart failure patients
with left ventricular ejection fraction ≥40% and those
without left ventricular dilation, cardiac hypertrophy, higher
New York Heart Association classes, or high BNP (brain
natriuretic peptide) levels.

What Are the Clinical Implications?

• The present study demonstrates the superiority of higher-
intensity statins over lower-intensity statins in heart failure
patients with ischemic heart disease, in line with the 2013
American College of Cardiology and American Heart Asso-
ciation guidelines, which recommend the use of higher
intensity statins.

• We should consider applying higher-intensity stains, partic-
ularly to heart failure patients with preserved or borderline
left ventricular ejection fraction, without advanced cardiac
remodeling, or without significant signs and/or symptoms
of heart failure.
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the standard doses of statins in Japanese guidelines and the
criteria defined in the ACC/AHA guidelines17: (1) patients
treated with higher (moderate or high)-intensity statin therapy
(n=868), (2) those treated with lower (low)-intensity statin
therapy (n=526), and (3) those treated without statins
(n=1050). Incidence of clinical end points was compared
among the 3 groups. The primary end point of this study was a
composite of all-cause death and the first HF admission after
enrollment. Secondary end points included all-cause death,
mode of death, and first HF admission after enrollment.

Statin Intensity

In this study, we used the definitions in the ACC/AHA
guidelines17 for the intensity of statin therapy. Because
Japanese patients need lower doses of statins to achieve
appropriate LDL-C reduction than patients in Western coun-
tries (Table 1), only a few patients received high-intensity
statin therapy. Consequently, we combined the moderate- and
high-intensity categories in the ACC/AHA guidelines17 and
made a category of higher-intensity as the intensity high
enough for the Japanese population (Table 2). Patients with
rosuvastatin 2.5 mg were included in the higher-intensity
group because this dosage reduces LDL-C comparably to
atrovastatin 10 mg or pitavastatin 2 mg in Japanese and
Western populations.33,34

Statistical Analyses
Baseline patient characteristics are described as mean
(standard deviation) or median (interquartile range) for contin-
uous variables and as frequency (percentage) for categorical
variables. To compare the 3 groups, ANOVAs or Kruskal–Wallis
tests were used for continuous variables, as appropriate, and

10219 Patients in the CHART-2 Study

526 Lower-Intensity Statin 868 Higher-Intensity Statin

2424 Without ischemic heart disease

2444 Included in analysis 

5333 Stage A or B
18 No appropriate data

1050 Did not receive Statin 1394 Received Statin

4868 Stage C or D

Figure 1. Flowchart of the study population.

Table 1. Standard Doses of Statins in Japan

Minimum Dose
(mg/d)

Standard Dose
(mg/d)

Maximum Dose
(mg/d)

Pravastatin 2.5 10 20

Simvastatin 2.5 5 20

Fluvastatin 10 20 60

Atorvastatin 2.5 10 40

Pitavastatin 0.5 1–2 4

Rosuvastatin 1.25 2.5 20
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the Pearson v2 test with Yate’s continuity correction was used
for categorical variables. To adjust for confounding effects and
differences in patient backgrounds among 3 groups, the
inverse probability of treatment weighted (IPTW) with a
propensity score (PS) for multiple treatments was used. The
PS for multiple statin treatment was estimated using gener-
alized boosted modeling (GBM)35 implemented by the mnps
command in the twang version 1.5 package of R with 37
baseline variables: age, sex, body mass index (BMI; kg/m2),
systolic blood pressure, diastolic blood pressure, heart rate,
hemoglobin, estimated glomerular filtration rate, brain natri-
uretic peptide (BNP), New York Heart Association (NYHA) class,
sodium, potassium, total protein, LV ejection fraction (LVEF),
LV dimension at end diastole, left atrial diameter, interventric-
ular septum thickness at diastole, posterior wall thickness at
end diastole, smoking, history of HF admission, hypertension,
diabetes mellitus, hyperuricemia, atrial fibrillation, stroke,
myocardial infarction, cancer, angiotensin-converting enzyme
inhibitor or angiotensin II receptor blocker, b-blocker, calcium
channel blocker, thiazide or loop diuretic, aldosterone antag-
onist, digitalis, antiplatelet, nitrate, percutaneous coronary
intervention, and coronary artery bypass grafting. LDL-C, high-
density lipoprotein cholesterol, triglyceride, and C-reactive
protein (CRP), which were likely affected by statin use itself,
were excluded from variables to estimate the PS. Once the PS
was estimated, optimization of the balance statistics of
treatments was graphically assessed by convergence of the
balance measures after iterations of the model. Before and
after weighting by PS, the absolute standardized mean
differences were also compared (Figure 2).36 All outcomes in
the overall cohort were assessed with Kaplan–Meier analysis,
log-rank tests, and Cox proportional hazards models. Cox
proportional hazards models were used to estimate the hazard

ratios and their 95% confidence intervals of covariates between
higher-intensity versus no statin, lower-intensity versus no
statin, and higher-versus lower-intensity statin. Analyses of
subgroups defined by age, sex, BMI, NYHA class, BNP levels,
CRP levels, LVEF, LV mass index, LV dimension at end diastole,
and cachexia were performed. Cachexia was defined according
to the current standard criteria37: weight loss (BMI <20 kg/m2)
and the presence of increased inflammatory markers (CRP
>5.0 mg/L), anemia (hemoglobin <12 g/dL), and/or low
serum albumin (<3.2 g/dL). To elucidate the prognostic impact
of LDL-C level, the additive Cox regression models were used
to describe the nonlinear relationship between LDL-C levels
and the primary event in this cohort. The statistical computing
software R version 3.3.2. was used for all statistical analyses.38

P values and P values for interaction <0.05 were considered
statistically significant.

Results

Patient Characteristics
In the total cohort, the mean age was 70.4 years, and 77% of
patients were male. Baseline patient characteristics of the 3
groups are shown in Table 3. A significant difference was
noted for mean age, which was highest in the no statin group,
followed by the lower-intensity statin group and then the
higher-intensity group; in contrast, BMI was highest in the
higher-intensity group, followed by the lower-intensity group
and then the no statin group. Prevalence of female sex and
smoking history did not differ among groups. Compared with
the higher-intensity statin group, the no statin and lower-
intensity statin groups had lower prevalence of diabetes
mellitus and higher prevalence of stroke and cancer, whereas

Table 2. Statin Intensity in This Study

Intensity Dose, mg

Lower

Pravastatin 2.5 (n=1) 5 (n=39) 10 (n=218) 20 (n=20)

Simvastatin 2.5 (n=1) 5 (n=69) 10 (n=11)

Fluvastatin 10 (n=2) 20 (n=49) 30 (n=35) 40 (n=3)

Atorvastatin 2.5 (n=1) 5 (n=53) 7.5 (n=1)

Pitavastatin 1 (n=22)

Rosuvastatin 1.25 (n=1)

Higher

Fluvastatin 60 (n=1)

Atorvastatin 10 (n=477) 15 (n=4) 20 (n=46) 30 (n=1) 40 (n=3)

Pitavastatin 2 (n=151) 3 (n=1) 4 (n=5)

Rosuvastatin 2.5 (n=138) 5 (n=32) 7.5 (n=1) 10 (n=6) 20 (n=1) 25 (n=1)
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Figure 2. The diagnostic plots for propensity score with multiple treatments using
generalized boosted models. ATE, average treatment effect; es, effect size; ks,
Kolmogorov-Smirnov.
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Table 3. Baseline Patient Characteristics

No Statin (n=1050) Lower-Intensity Statin (n=526) Higher-Intensity Statin (n=868) P Value

Age, y, mean (SD) 72.7 (9.8) 71.2 (9.6) 67.1 (10.9) <0.001

Female sex, n (%) 230 (21.9) 122 (23.2) 210 (24.2) 0.49

BMI, kg/m2, mean (SD) 23.4 (3.4) 24.3 (3.3) 24.6 (3.6) <0.001

Systolic BP, mm Hg, mean (SD) 127.6 (18.8) 129.0 (18.3) 127.0 (18.8) 0.16

Diastolic BP, mm Hg, mean (SD) 71.6 (11.3) 72.8 (10.8) 73.1 (11.5) 0.01

Heart rate, beats/min, mean (SD) 71.7 (14.3) 71.1 (13.3) 70.5 (13.0) 0.13

Smoking, n (%) 498 (50.8) 258 (51.0) 445 (54.4) 0.26

NYHA class, n (%)

I 254 (24.3) 140 (26.9) 273 (31.6)

II 657 (62.9) 334 (64.2) 521 (60.2) <0.001

III or IV 134 (12.8) 46 (8.9) 71 (8.2)

Medical history, n (%)

HF admission 493 (47.0) 184 (35.0) 354 (40.8) <0.001

Hypertension 960 (91.4) 495 (94.1) 808 (93.2) 0.12

Diabetes mellitus 463 (44.1) 245 (46.6) 452 (52.1) 0.002

Dyslipidemia 785 (74.8) 526 (100) 868 (100) <0.001

Hyperuricemia 573 (54.6) 273 (51.9) 471 (54.3) 0.58

Myocardial infarction 643 (61.2) 379 (72.1) 636 (73.3) <0.001

Atrial fibrillation 362 (34.5) 95 (18.1) 160 (18.4) <0.001

Stroke 252 (24.0) 126 (24.0) 162 (18.7) 0.01

Cancer 186 (17.7) 73 (13.9) 93 (10.7) <0.001

Echocardiography data, mean (SD)

LVEF, % 55.6 (14.7) 56.8 (15.2) 56.1 (14.9) 0.36

LVDd, mm 52.2 (8.4) 52.4 (8.4) 52.7 (8.7) 0.40

LAD, mm 41.8 (8.6) 40.7 (7.5) 41.1 (7.7) 0.049

IVSTDd, mm 11.0 (2.7) 10.3 (2.5) 10.5 (2.5) <0.001

PWd, mm 10.8 (2.3) 10.3 (2.2) 10.3 (2.2) <0.001

Laboratory data

LDL-C, mg/dL, mean (SD) 110.6 (30.5) 100.1 (24.4) 96.2 (30.2) <0.001

HDL-C, mg/dL, mean (SD) 49.2 (14.4) 50.7 (14.4) 49.4 (14.4) 0.13

Triglycerides, mg/dL, mean (SD) 121.6 (70.2) 131.4 (67.0) 136.7 (97.0) <0.001

Hemoglobin, g/dL, mean (SD) 12.9 (2.0) 13.4 (1.8) 13.3 (1.9) <0.001

eGFR, mL/min/1.73 m2, mean (SD) 56.6 (21.6) 59.3 (19.6) 60.9 (20.6) <0.001

Total protein, g/dL, mean (SD) 7.1 (0.7) 7.2 (0.5) 7.2 (0.6) <0.001

Albumin, g/dL, mean (SD) 4.0 (0.5) 4.1 (0.4) 4.1 (0.5) <0.001

HbA1c, %, mean (SD) 6.3 (1.0) 6.5 (0.9) 6.5 (1.1) <0.001

BNP, pg/mL, median (IQR) 115.3 (47.0–267.8) 78.8 (34.3–175.0) 77.1 (29.8–191.0) <0.001

Sodium, mmol/L, mean (SD) 140.6 (2.9) 140.7 (2.6) 141.2 (2.7) <0.001

Potassium, mmol/L, mean (SD) 4.4 (0.5) 4.4 (0.4) 4.4 (0.4) 0.36

CRP, mg/L, median (IQR) 2.0 (1.0–5.0) 2.0 (1.0–4.0) 1.0 (1.0–3.0) <0.001

Medical treatment, n (%)

ACE-I or ARB 693 (66.0) 384 (73.0) 676 (77.9) <0.001

Continued
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the lower- and higher-intensity groups had higher prevalence
of prior myocardial infarction and lower prevalence of atrial
fibrillation compared with the no statin group. In contrast,
LVEF and LV dimension at end diastole values were compa-
rable among the 3 groups, although LV wall thickness was
slightly but significantly greater in the no statin group
compared with the lower- and higher-intensity statin groups.
A significant difference was noted for mean LDL-C levels,
which were highest in the no statin group, followed by the
low-intensity statin group and then the higher-intensity statin
group; in contrast, median CRP levels were significantly lower
in the higher-intensity statin group. The prescription rates for
angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers and for b-blockers were significantly
different: highest for the higher-intensity statin group,
followed by the lower-intensity statin group and then the no
statin group.

Prognostic Impact of Higher- or Lower-Intensity
Statin Therapy
During the median follow-up of 6.4 years after enrollment
(13929 person-years), 1071 primary outcomes occurred,
including 825 deaths and 581 HF admissions. Figure 3 shows
the unadjusted event curves for the primary end point, all-
cause death, HF admission, cardiovascular death, and
noncardiovascular death. The impact of statin therapies on
the primary and secondary end points is shown in Figure 4A
through 4C. In the univariable analyses, compared with the no
statin group, both the higher- and lower-intensity statin groups
had significantly lower incidence of the primary end point, all-
cause death, noncardiovascular death, and HF admission.
Incidence of cardiovascular death was significantly lower in the

higher-intensity statin group but not in the lower-intensity
statin group compared with the no statin group. IPTW using a
PS for multiple treatments showed that, compared with the no
statin group, the higher-intensity statin group had significantly
lower incidence of primary end point, all-cause death, cardio-
vascular death, noncardiovascular death, and HF admission
both before and after adjustment with LDL-C levels (Fig-
ure 4C). The univariable Cox proportional hazards model
showed that the lower-intensity statin group had significantly
decreased incidence of the primary end point, all-cause death,
noncardiovascular death, and HF admission but not of
cardiovascular death, which was confirmed by the IPTW
method (Figure 4B). Moreover, incidence of the primary end
point, all-cause death, cardiovascular death, and HF admission
was significantly lower in the higher-intensity statin group
compared with the lower-intensity statin group, but incidence
of noncardiovascular death was not; this result was confirmed
by the IPTW analysis, both with and without adjustment for
LDL-C levels (Figure 4A through 4C). In particular, both the
higher- and lower-intensity statin groups had lower incidence
of cancer death, and infection death, which was also confirmed
by the IPTW analysis both with and without adjustment for
LDL-C levels (Figure 4A through 4C). Moreover, compared with
the no statin and lower-intensity statin groups, the higher-
intensity statin group had significantly lower incidence of HF
death, which was also confirmed by the IPTW analysis both
before and after adjustment with LDL-C levels (Figure 4A
through 4C).

Subgroup Analyses
Subgroup analyses with the IPTW method showed that the
effect of higher-intensity statin on the incidence of the

Table 3. Continued

No Statin (n=1050) Lower-Intensity Statin (n=526) Higher-Intensity Statin (n=868) P Value

b-blocker 431 (41.0) 248 (47.1) 490 (56.5) <0.001

Calcium channel blocker 471 (44.9) 261 (49.6) 372 (42.9) 0.047

Diuretics 476 (45.3) 218 (41.4) 335 (38.6) 0.01

Aldosterone antagonist 178 (17.0) 93 (17.7) 167 (19.2) 0.42

Digitalis 182 (17.3) 54 (10.3) 77 (8.9) <0.001

Antiplatelet 812 (77.3) 490 (93.2) 812 (93.5) <0.001

Nitrate 442 (42.1) 290 (55.1) 334 (38.5) <0.001

PCI 568 (54.1) 338 (64.3) 656 (75.6) <0.001

CABG 158 (15.1) 106 (20.2) 175 (20.2) 0.005

SI conversions: To convert LDL-C and HDL-C to mmol/L, multiply by 0.0259. To convert triglycerides to mmol/L, multiply by 0.0113. To convert BNP to lg/L, multiply by 1000. To convert
CRP to lg/L, multiply by 1000. To convert hemoglobin, total protein, and albumin to g/L, multiply by 10. BMI was calculated as weight in kilograms divided by height in meters squared.
ACE-I indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, brain natriuretic peptide; BP, blood pressure; CABG, coronary
artery bypass grafting; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; IQR, interquartile range; IVSTd,
interventricular septum thickness at diastole; LAD, left atrial diameter; LDL-C, low-density lipoprotein cholesterol; LVDd, left ventricular dimension diastolic; LVEF, left ventricular ejection
fraction; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; PWd, posterior wall thickness at end diastole; SD, standard deviation.
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primary end point did not differ by age; tended to differ by sex
and BNP; and significantly differed by BMI, cachexia, CRP
levels, NYHA class III or IV, LVEF <40%, LV dimension at end
diastole ≥55 mm, and LV mass index ≥95 g/m2 (female) or
≥115 g/m2 (male; all P values for interaction <0.05;
Figure 5A and 5B). In contrast, the beneficial impact of
lower-intensity statin use differed only by CRP levels and did
not differ by other factors (Figure 5A and 5B).

Prognostic Impact of LDL-C Levels by Treatment
Group
Table 4 shows the prognostic impact of LDL-C levels among
the 3 groups, evaluated by the univariable and multivariable
Cox proportional hazards models. In the univariable analysis,
compared with LDL-C <70 mg/dL, LDL-C 70 to 99 mg/dL
was associated with a reduced incidence of the primary end
point in the higher-intensity statin group but not in the lower-
intensity or no statin group, and LDL-C ≥100 mg/dL was
associated with reduced incidence of the primary end point
only in the no statin group. However, after adjustment in the
multivariable Cox proportional hazards models, there were no
significant differences in the incidence of the primary end

point for LDL-C <70, 70 to 99, and ≥100 mg/dL in all 3
groups. Figure 6 shows the nonlinear relationships between
LDL-C levels and log hazard ratio (95% confidence interval) for
the primary end point, indicating that LDL-C levels �100 mg/
dL, but not those <70 mg/dL, had the lowest hazard ratios,
regardless of statin use.

Discussion

In this large prospective cohort study, we demonstrated that
statin use, particularly use of higher-intensity statins, was
associated with a beneficial prognostic impact in HF patients
with IHD and that lower LDL-C levels were not necessarily
associated with better outcomes with statin treatment. These
findings are of clinical significance because it has been
controversial whether statins have a beneficial prognostic
impact on HF patients and whether higher-intensity statin
therapy has a greater benefit than lower-intensity statin therapy
in those patients, particularly in relation to LDL-C levels.

Although 2 large-scale randomized trials—CORONA8 and
GISSI-HF9—failed to demonstrate a favorable prognostic
impact of statins in HF patients, the benefits of statins for

1050 904 709 509 111

526 484 393 317 86

868 806 732 551 158

No. at risk

No Statin 1050 789 596 419 88

Lower-Intensity Statin 526 442 342 278 76

Higher-Intensity Statin 868 750 668 485 132

Primary end point All-cause death

C
um

ul
at

iv
e 

in
ci

de
nc

e 
 ra

te
, %

C
um

ul
at

iv
e 

in
ci

de
nc

e 
 ra

te
, %

No Statin

Lower-Intensity Statin

Higher-Intensity Statin

No Statin

Lower-Intensity Statin

Higher-Intensity Statin

0

20

60

100

80

40

0 2 4 6 8
Follow up time, years

0 2 4 6 8
Follow up time, years

0

20

60

100

80

40
Log-rank P knar-goL100.0 < P < 0.001

1050 789 596 424 111

526 443 346 289 91

868 750 671 497 132

Heart failure admission

C
um

ul
at

iv
e 

in
ci

de
nc

e 
 ra

te
, %

No Statin

Lower-Intensity Statin

Higher-Intensity Statin

0

20

60

100

80

40

0 2 4 6 8
Follow up time, years

Log-rank P < 0.001

No. at risk

No Statin 1050 904 710 518 130

Lower-Intensity Statin 526 485 393 318 86

Higher-Intensity Statin 868 806 737 564 211

Cardiovascular death

C
um

ul
at

iv
e 

in
ci

de
nc

e 
 ra

te
, %

No Statin

Lower-Intensity Statin

Higher-Intensity Statin

0 2 4 6 8
Follow up time, years

0

20

60

100

80

40
Log-rank P < 0.001

1050 905 709 521 111

526 490 408 323 130

868 816 736 575 158

Non-cardiovascular death

No Statin

Lower-Intensity Statin

Higher-Intensity Statin
C

um
ul

at
iv

e 
in

ci
de

nc
e 

 ra
te

, %

0

20

60

100

80

40

0 2 4 6 8
Follow up time, years

Log-rank P < 0.001

Figure 3. Kaplan–Meier curves for primary and secondary end points.
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0 0.5 1 1.5 2 2.5 3

HR (95%CI) P Value Favors Worse
Primary end point Lower-Intensity vs. No Statin 0.67 (0.57-0.78) <0.001

Higher-Intensity vs. No Statin 0.51 (0.44-0.58) <0.001
Higher-Intensity vs. Lower-Intensity 0.76 (0.64-0.91) 0.003

All-cause death Lower-Intensity vs. No Statin 0.64 (0.54-0.77) <0.001
Higher-Intensity vs. No Statin 0.46 (0.39-0.54) <0.001
Higher-Intensity vs. Lower-Intensity 0.71 (0.58-0.87) 0.001

HF admission Lower-Intensity vs. No Statin 0.65 (0.52-0.80) <0.001

Higher-Intensity vs. No Statin 0.51 (0.42-0.61) <0.001
Higher-Intensity vs. Lower-Intensity 0.78 (0.61-0.99) 0.04

CV death Lower-Intensity vs. No Statin 0.83 (0.64-1.07) 0.14
Higher-Intensity vs. No Statin 0.54 (0.43-0.69) <0.001
Higher-Intensity vs. Lower-Intensity 0.66 (0.49-0.87) 0.004

HF death Lower-Intensity vs. No Statin 0.70 (0.48-1.02) 0.06
Higher-Intensity vs. No Statin 0.42 (0.29-0.61) <0.001
Higher-Intensity vs. Lower-Intensity 0.61 (0.39-0.95) 0.03

Sudden death Lower-Intensity vs. No Statin 0.91 (0.55-1.51) 0.72
Higher-Intensity vs. No Statin 0.62 (0.38-0.99) 0.049
Higher-Intensity vs. Lower-Intensity 0.68 (0.39-1.18) 0.17

AMI death Lower-Intensity vs. No Statin 1.10 (0.48-2.55) 0.82
Higher-Intensity vs. No Statin 0.71 (0.31-1.59) 0.40
Higher-Intensity vs. Lower-Intensity 0.64 (0.26-1.56) 0.32

Non CV death Lower-Intensity vs. No Statin 0.52 (0.39-0.69) <0.001
Higher-Intensity vs. No Statin 0.39 (0.30-0.50) <0.001
Higher-Intensity vs. Lower-Intensity 0.74 (0.53-1.04) 0.08

Cancer death Lower-Intensity vs. No Statin 0.67 (0.43-1.03) 0.07
Higher-Intensity vs. No Statin 0.47 (0.32-0.71) <0.001
Higher-Intensity vs. Lower-Intensity 0.71 (0.43-1.16) 0.18

Infection death Lower-Intensity vs. No Statin 0.27 (0.12-0.59) 0.001
Higher-Intensity vs. No Statin 0.29 (0.16-0.53) <0.001
Higher-Intensity vs. Lower-Intensity 1.08 (0.43-2.70) 0.87

A

Figure 4. Hazard ratios for primary and secondary end points (A) in univariable Cox proportional hazards models, (B) in Cox
proportional hazards models adjusted by IPTW methods using propensity score for multiple treatments, and (C) in Cox proportional
hazards models adjusted by IPTW methods using propensity score for multiple treatments and low-density lipoprotein cholesterol
levels. AMI indicates acute myocardial infarction; CI, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard ratio;
IPTW, inverse probability of treatment weighted.
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HF patients have been reported in observational studies.11,12

These previous studies, however, used only Cox proportional
hazards models to adjust the substantial differences in the

clinical backgrounds between patients with and without
statins, raising concern that the beneficial impact of statins
could be explained by potential confounders. This is why we

0 0.5 1 1.5 2 2.5

HR (95%CI) P Value Favors Worse
Primary end point Lower-Intensity vs. No Statin 0.82 (0.75-0.90) <0.001

Higher-Intensity vs. No Statin 0.68 (0.62-0.74) <0.001

Higher-Intensity vs. Lower-Intensity 0.82 (0.75-0.91) <0.001

All-cause death Lower-Intensity vs. No Statin 0.80 (0.72-0.89) <0.001
Higher-Intensity vs. No Statin 0.66 (0.59-0.73) <0.001
Higher-Intensity vs. Lower-Intensity 0.83 (0.74-0.92) <0.001

HF admission Lower-Intensity vs. No Statin 0.82 (0.73-0.93) 0.002

Higher-Intensity vs. No Statin 0.64 (0.57-0.73) <0.001
Higher-Intensity vs. Lower-Intensity 0.78 (0.68-0.89) <0.001

CV death Lower-Intensity vs. No Statin 1.03 (0.89-1.21) 0.67
Higher-Intensity vs. No Statin 0.77 (0.62-0.94) 0.001
Higher-Intensity vs. Lower-Intensity 0.74 (0.63-0.87) <0.001

HF death Lower-Intensity vs. No Statin 0.94 (0.75-1.19) 0.63
Higher-Intensity vs. No Statin 0.66 (0.52-0.85) <0.001
Higher-Intensity vs. Lower-Intensity 0.70 (0.55-0.90) 0.005

Sudden death Lower-Intensity vs. No Statin 1.05 (0.77-1.44) 0.74
Higher-Intensity vs. No Statin 0.78 (0.57-1.08) 0.14
Higher-Intensity vs. Lower-Intensity 0.74 (0.54-1.03) 0.07

AMI death Lower-Intensity vs. No Statin 0.96 (0.57-1.62) 0.88
Higher-Intensity vs. No Statin 0.78 (0.46-1.33) 0.36
Higher-Intensity vs. Lower-Intensity 0.81 (0.47-1.40) 0.45

Non CV death Lower-Intensity vs. No Statin 0.63 (0.53-0.74) <0.001
Higher-Intensity vs. No Statin 0.56 (0.47-0.66) 0.001
Higher-Intensity vs. Lower-Intensity 0.89 (0.74-1.07) 0.21

Cancer death Lower-Intensity vs. No Statin 0.75 (0.58-0.97) 0.03
Higher-Intensity vs. No Statin 0.66 (0.51-0.85) 0.001
Higher-Intensity vs. Lower-Intensity 0.88 (0.66-1.16) 0.36

Infection death Lower-Intensity vs. No Statin 0.33 (0.21-0.51) <0.001
Higher-Intensity vs. No Statin 0.46 (0.32-0.67) <0.001
Higher-Intensity vs. Lower-Intensity 1.41 (0.87-2.33) 0.17

B

Figure 4. Continued.
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used the IPTW method for the state-of-the-art statistical
analysis to adjust the clinical backgrounds for patients with
and without statins. This approach enabled the present study

to be the first to demonstrate a beneficial prognostic impact
of statin use in HF patients with IHD in a large-scale cohort
study. In this study, the use of statins—either higher- or

HR (95%CI) P Value Favors Worse
Primary end point Lower-Intensity vs. No Statin 0.81 (0.74-0.89) <0.001

Higher-Intensity vs. No Statin 0.68 (0.61-0.75) <0.001
Higher-Intensity vs. Lower-Intensity 0.83 (0.75-0.92) <0.001

All-cause death Lower-Intensity vs. No Statin 0.78 (0.70-0.87) <0.001
Higher-Intensity vs. No Statin 0.66 (0.59-0.74) <0.001
Higher-Intensity vs. Lower-Intensity 0.85 (0.75-0.95) 0.005

HF admission Lower-Intensity vs. No Statin 0.79 (0.69-0.89) <0.001

Higher-Intensity vs. No Statin 0.62 (0.54-0.71) <0.001
Higher-Intensity vs. Lower-Intensity 0.79 (0.68-0.90) <0.001

CV death Lower-Intensity vs. No Statin 1.05 (0.90-1.24) 0.53
Higher-Intensity vs. No Statin 0.81 (0.64-0.94) 0.01
Higher-Intensity vs. Lower-Intensity 0.76 (0.65-0.90) 0.002

HF death Lower-Intensity vs. No Statin 0.92 (0.72-1.18) 0.51
Higher-Intensity vs. No Statin 0.66 (0.51-0.86) 0.002
Higher-Intensity vs. Lower-Intensity 0.72 (0.55-0.93) 0.01

Sudden death Lower-Intensity vs. No Statin 1.10 (0.80-1.53) 0.56
Higher-Intensity vs. No Statin 0.87 (0.62-1.21) 0.40
Higher-Intensity vs. Lower-Intensity 0.78 (0.57-1.09) 0.15

AMI death Lower-Intensity vs. No Statin 1.10 (0.64-1.90) 0.72
Higher-Intensity vs. No Statin 0.92 (0.53-1.59) 0.76
Higher-Intensity vs. Lower-Intensity 0.83 (0.48-1.43) 0.50

Non CV death Lower-Intensity vs. No Statin 0.60 (0.50-0.71) <0.001
Higher-Intensity vs. No Statin 0.53 (0.44-0.63) <0.001
Higher-Intensity vs. Lower-Intensity 0.89 (0.73-1.07) 0.21

Cancer death Lower-Intensity vs. No Statin 0.72 (0.54-0.95) 0.02
Higher-Intensity vs. No Statin 0.65 (0.49-0.86) 0.003
Higher-Intensity vs. Lower-Intensity 0.90 (0.68-1.21) 0.50

Infection death Lower-Intensity vs. No Statin 0.35 (0.22-0.55) <0.001
Higher-Intensity vs. No Statin 0.44 (0.29-0.65) <0.001
Higher-Intensity vs. Lower-Intensity 1.26 (0.76-2.09) 0.37
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Figure 4. Continued.
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0 0.5 1 1.5 2

HR (95%CI) P Value P Value  for 
interaction

Favors Higher- / Lower-
Intensity Statin use

Favors 
No Statin use

Age, y <75 Lower-Intensity 0.78 (0.68-0.91) <0.001 0.45
>75 0.84 (0.74-0.94) 0.004
<75 Higher-Intensity 0.76 (0.66-0.87) <0.001 0.10
>75 0.64 (0.57-0.73) <0.001

Sex Male Lower-Intensity 0.82 (0.74-0.91) <0.001 0.97
Female 0.82 (0.68-0.99) 0.04

Male Higher-Intensity 0.64 (0.58-0.72) <0.001 0.08
Female 0.77 (0.64-0.92) 0.005

BMI, kg/m2 <20 Lower-Intensity 0.79 (0.64-0.99) 0.04 0.53
>20 0.85 (0.77-0.94) 0.002
<20 Higher-Intensity 0.54 (0.43-0.68) <0.001 0.02
>20 0.73 (0.66-0.81) <0.001

Cachexia ( - ) Lower-Intensity 0.84 (0.76-0.92) <0.001 0.11
( + ) 0.67 (0.49-0.91) 0.01
( - ) Higher-Intensity 0.71 (0.64-0.79) <0.001 0.004
( + ) 0.49 (0.36-0.65) <0.001

CRP, mg/L <0.5 Lower-Intensity 0.84 (0.74-0.95) 0.007 0.04
>0.5 0.67 (0.55-0.83) <0.001
<0.5 Higher-Intensity 0.70 (0.62-0.78) <0.001 0.02
>0.5 0.54 (0.44-0.66) <0.001

A

Figure 5. Hazard ratios for primary end point in Cox proportional hazards models adjusted by IPTW methods using propensity score for
multiple treatments by subgroups: (A) higher- or lower-intensity vs no statin; (B) higher- vs lower-intensity. BMI indicates body mass index; BNP,
brain natriuretic peptide; CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio; IPTW, inverse probability of treatment weighted; LDL-
C, low-density lipoprotein cholesterol; LVDd, left ventricular dimension diastolic; LVEF, left ventricular ejection fraction; LVMI, left ventricular
mass index; NYHA, New York Heart Association.
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lower- intensity—was associated with reduced incidence of
the primary end point, all-cause death, noncardiovascular
death, cancer death, and death from infection, providing
evidence that statins were associated with improved progno-
sis in HF patients with IHD. Furthermore, the IPTW models in
this study clearly showed the differences in prognostic impact
between higher- and lower-intensity use of statins; the

incidence of the primary end point, all-cause death, cardio-
vascular death, HF death, and HF admission was significantly
lower in the higher-intensity statin group compared with the
lower-intensity statin group. These findings are consistent
with a recent report with ASCVD patients39 and are clinically
important because this study is the first demonstrating the
superiority of higher-intensity statins over lower-intensity

Table 4. Impact of LDL-C Levels on Primary End Point by Treatment Group

LDL-C, mg/dL

Higher-Intensity Statin Lower-Intensity Statin No Statin

HR (95%CI) P Value HR (95%CI) P Value HR (95%CI) P Value

Unadjusted

<70 (reference) 1.00 1.00 1.00

70–99 0.70 (0.50–0.96) 0.03 0.96 (0.60–1.54) 0.87 0.76 (0.56–1.04) 0.08

≥100 0.81 (0.58–1.12) 0.20 0.88 (0.55–1.39) 0.57 0.64 (0.48–0.86) 0.003

Adjusted with baseline characteristics

<70 (reference) 1.00 1.00 1.00

70–99 0.86 (0.53–1.40) 0.55 1.98 (0.94–4.16) 0.07 0.95 (0.60–1.49) 0.81

≥100 1.32 (0.80–2.18) 0.27 1.34 (0.64–2.78) 0.44 0.99 (0.64–1.54) 0.96

Adjusted with age, sex, body mass index, systolic blood pressure, diastolic blood pressure, heart rate, smoking, New York Heart Association class, history of heart failure admission,
hypertension, diabetes mellitus, hyperuricemia, myocardial Infarction, atrial fibrillation, stroke, cancer, left ventricular ejection fraction, left ventricular dimension at end-diastole, left atrial
diameter, interventricular septum thickness at diastole, posterior wall thickness at end diastole, high-density lipoprotein cholesterol, triglycerides, hemoglobin, estimated glomerular
filtration rate, brain natriuretic peptide, sodium, potassium, C-reactive protein, total protein, angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker, b-blocker, calcium
channel blocker, thiazide or loop diuretic, aldosterone antagonist, digitalis, antiplatelet, nitrate, percutaneous coronary intervention, coronary artery bypass grafting. To convert low-density
lipoprotein cholesterol to mmol/L, multiply by 0.0259. CI indicates confidence interval; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol.

B

Figure 5. Continued.
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statins in an HF population, in line with the 2013 ACC/AHA
guidelines, which recommended the use of higher-intensity
statins. Another strength of this study is that the CHART-2
study enrolled consecutive HF patients over 20 years without
any exclusion criteria, enabling us to confirm a consistent
salutary impact of statins regardless of age and any clinical
conditions. In particular, given the limited data on older adults
with HF,40 our study provides novel evidence that higher
intensity statin may benefit older HF patients with IHD as well
as younger patients with these conditions.

This study also demonstrates that the impact of statins
differs by patient background. First, this study clearly
demonstrates that the benefits of statin use were not evident
in HF patients with advanced cardiac remodeling or symp-
toms. Of note, the statin use was associated with improved
outcomes in HF patients with borderline (LVEF 40–49%) or
preserved (LVEF ≥50%) ejection fraction but not in those with
reduced ejection fraction (LVEF <40%), consistent with
findings from previous reports showing the benefits of statins
in HF patients with preserved ejection fraction41,42 but not
reduced ejection fraction.8,9,41 In addition, the subgroup
analysis further demonstrated that use of higher-intensity
statins was not associated with improved outcomes in
patients with LV dilation, cardiac hypertrophy, higher NYHA

classes, or high BNP levels. These findings suggest that statin
use was not associated with prognostic improvement in HF
patients with advanced cardiac remodeling and symptoms.
Second, the impact of both higher- and lower-intensity statins
on the incidence of the primary end point was more evident in
patients with higher CRP levels in the present study, a finding
consistent with previous reports.43–46 It is conceivable that
pleiotropic effects of statins, including anti-inflammatory and
antioxidant effects,47,48 may play more important roles in
patients with higher CRP levels. However, this finding on CRP
levels should be interpreted with caution because it remains
unclear whether CRP lowering by statins contributes to
improve prognosis in HF patients.

Importantly, the present study demonstrates that the
prognostic impact of statins, either higher- or lower-intensity,
did not differ by LDL-C levels. Furthermore, the additive Cox
regression models indicated that patients with LDL-C
�100 mg/dL had the most reduced risk of the primary end
point in patients with and without statin therapy. This finding
on the J-curve relationship between LDL-C levels and
outcomes is important because it indicates that lower LDL-
C levels under statin treatments do not necessarily relate to
better outcomes. This finding is consistent with previous
studies reporting that a low LDL-C level was a negative
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Figure 6. Association between LDL-C level and risk of the primary end point in the additive Cox regression models. LDL-C indicates
low-density lipoprotein cholesterol.
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predictor of survival in HF patients49,50 and a recent
population-based observational cohort study with 31619
IHD patients showing no decrease in cardiac events from
lowering LDL-C level to <70 mg/dL compared with LDL-C of
70 to 100 mg/dL.20 Although it is speculative, the lack of
statin benefits in patients with low LDL-C levels could be
explained, at least in part, by the poor outcomes of patients
with cardiac cachexia accompanied by progressive involuntary
weight loss and lower LDL-C.51,52 Indeed, several studies have
reported that lower BMI was significantly associated with poor
prognosis in HF patients, whereas obese patients have rather
better outcomes, known as the “obesity paradox.”53 In
addition, Bangalore et al reported that percentage of LDL-C
reduction provided incremental prognostic value over statin
dose and attained LDL-C levels in the secondary prevention of
ASCVD.54 Consequently, although higher intensity statins
could be more beneficial in HF patients with IHD independent
of attained LDL-C levels, application of the “fire and forget”
theory in HF patients with IHD should be carefully examined in
well-designed randomized controlled trials, particularly those
enrolling patients who are likely to benefit from statins (eg,
those without significant cardiac remodeling or symptoms).

Study Limitations
Several limitations should be mentioned for this study. First,
because CHART-2 is a prospective observational study of HF
in Japan, caution is needed when generalizing these findings
to other populations in different countries. In particular,
recommended doses of statins are different in Western
countries and in Japan, and our findings should be
interpreted with caution. Second, in this study, we used
clinical data at enrollment in the CHART-2 study and did not
consider the duration of statin treatment before enrollment,
drug compliance or discontinuation of statin treatment, or
changes in LDL-C levels during the follow-up period. Third,
because CHART-2 is an observational study, we cannot rule
out significant confounding factors associated with prescrip-
tion and other biases. Although we used the IPTW method
with PS as a state-of-the-art statistical analysis to minimize
biases associated with statin treatment, a prescription bias
for statins might have substantially affected the results.
Finally, this study cohort experienced the Great East Japan
earthquake in 2011; however, we recently confirmed that
the earthquake itself did not affect the long-term prognosis
of this cohort except during the first several weeks.55

Conclusions
This study demonstrates that compared with the use of lower-
intensity statins, higher-intensity statin use is associated with

beneficial outcomes in HF patients with IHD regardless of
LDL-C levels. Further studies are warranted to confirm
beneficial effects of statins in HF patients with IHD.
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