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Aims

It is still controversial whether elevated baseline heart rate (HR) is associated with higher mortality in patients with
heart failure (HF) with preserved ejection fraction (HFpEF). We compared the impacts of baseline HR on mortality
in patients with HFpEF and those with HF with reduced ejection fraction (HFrEF).
.....................................................................................................................................................................
Methods
We enrolled consecutive 2688 patients in Stage C or D HF with sinus rhythm from our Chronic Heart Failure Analysis
and results
and Registry in the Tohoku District 2 (CHART-2) Study (n = 10 219). The prognostic impact of HR increase was
compared between the two groups, defined as left ventricular ejection fraction of < 50% (HFrEF) and > 50% (HFpEF).
Cox regression analysis revealed that elevated baseline HR was associated with increased all-cause mortality in both
groups [hazard ratio for the highest tertile (HH) 1.77 in HFrEF, P = 0.008; HH1.82 in HFpEF, P = 0.001]. However, as
for mode of death, elevated HR was associated with cardiovascular (CV) death in HFpEF (HH 2.17, P = 0.012), but
the association was modest in HFrEF (HH1.49, P = 0.14): in particular, impact on HF death was different between
HFpEF (HH 3.79, P = 0.020) and HFrEF (HH 1.07, P = 0.864). In contrast, the prognostic impact of baseline HR on
non-CV death was noted only in patients with HFrEF. 𝛽-Blocker therapy was associated with reduced HF mortality
in HFrEF (hazard ratio 0.49, P = 0.038) but not in HFpEF (hazard ratio 0.64, P = 0.321).
.....................................................................................................................................................................
Conclusions
Elevated HR was associated with increased CV death in HFpEF compared with HFrEF, although its impact on all-cause
mortality was comparable between the two groups.

..........................................................................................................
Heart failure • Heart rate • Prognosis

Introduction
Elevated baseline heart rate (HR) could be a reflection of activated
sympathetic nervous system, a negative force-frequency response
of failing myocardium and worsening myocardial ischaemia.1 – 3
Furthermore, increased heart rate was associated with increased
systemic inflammation and endothelial dysfunction.4 Thus, it is

....................
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widely considered to be a predictor of poor prognosis in patients
with heart failure (HF). Indeed, unfavourable prognostic impact
of elevated baseline HR has been repeatedly noted in patients
with HF with reduced ejection fraction (HFrEF).5 – 8 For instance,
in addition to 𝛽-blocker, HR reduction with ivabradine has been
reported as effective for patients with HFrEF.9 In the European
Society of Cardiology guidelines, ivabradine is recommended to
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Methods
Design of the present study
The CHART-2 Study is a prospective observational multicenter cohort
study, as previously reported in detail (NCT00418041).14 Among
4735 stage C/D patients in the CHART-2 Study (n = 10 219),14 – 16
2863 in sinus rhythm without history of paroxysmal atrial fibrillation
or implantable cardiac device were enrolled in the present study.
They were divided into the two groups according to the baseline
left ventricular ejection fraction (LVEF) of < 50% (HFrEF) or > 50%
(HFpEF) in the present study.17 The prognostic impact of elevated
baseline HR was examined by calculating relative risks in the highest
and second highest tertiles of baseline HR compared with the lowest
tertile. We also examined whether 𝛽-blocker therapy could affect the
relationship between HR increase and prognostic endpoints between
the HFrEF and the HFpEF groups. Furthermore, we explored optimal
cut-off points of HR to split risk of mortality endpoints using the
classification and regression tree (CART) method.18,19

Statistical analysis
The outcomes of all-cause death, CV death and non-CV death were
estimated by Kaplan–Meier curve and log-rank test in both groups.
The impact of each tertile defined by baseline HR for the endpoints
was examined using the univariate and multivariate Cox proportional
hazard model. The covariates for the multivariate analysis included
gender, age, body mass index, systolic blood pressure (SBP), LV diastolic diameter (LVDd), LVEF, haemoglobin level, estimated glomerular
filtration ratio, malignant diseases, 𝛽-blocker, RASI, enrolment location (inpatient or outpatient) and HR categories. The association
between 𝛽-blockers and outcomes was assessed using univariate and

........................................................................................................................................................................

reduce the risk of HF hospitalization in symptomatic (NYHA class
II–IV) patients in sinus rhythm with an EF ≤ 35% and a heart
rate remaining ≥ 70 bpm despite treatment with an evidence-based
dose of 𝛽-blocker (or maximum tolerated dose below that), ACE
inhibitor (or ARB), and an MRA (or ARB).10 However, it is still
controversial whether elevated baseline HR is associated with poor
prognosis in patients with HF with preserved ejection fraction
(HFpEF).11 – 13 This is possibly because these previous findings
regarding the association between baseline HR and prognosis of
HFpEF were derived from post hoc analysis of randomized control
trials11,13 or from an observational study with a relatively small
sample size,12 and thus likely involved selection bias. Furthermore,
even in the positive studies,11,12 it has not been elucidated which
modes of deaths or cardiac events were particularly associated with
elevated HR in HFpEF. Thus, it has been awaited to address the
prognostic impacts of elevated HR in patients with HFpEF in more
detail, using a large-scale prospective observational cohort.
In the present study, we thus examined the prognostic impact of
baseline HR in HFpEF in our prospective observational multicentre
cohort study, named the Chronic Heart Failure Analysis and
Registry in the Tohoku District 2 (CHART-2) Study, where we
successfully enrolled consecutive 10 219 patients in Stage B, C,
and D HF.14 – 16 The aim of the present study was to compare the
impact of elevated HR on clinical outcomes between HFpEF and
HFrEF, especially on cardiovascular (CV) death and HF death.
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multivariate Cox proportional hazard models with the same covariates
except 𝛽-blocker use. Statistical analysis was performed using IBM SPSS
Statistics 19 software (IBM, Armonk, NY, USA) and R software (version 2.5). To determine the optimal cut-off points of HR to split CV and
non-CV mortality for overall, HFrEF and HFpEF patients, respectively,
an open-source adaptation of the CART algorithm from R software
was used.
Methods are mentioned in more detail in the Supplementary material online, Appendix S1.

Results
Baseline characteristics
Among the 2863 Stage-C/D HF patients in sinus rhythm enrolled
in the present study, we finally analysed 2688 (93.9%) patients
in whom both HR and LVEF data were available (mean age
67.5 ± 13.0 years, male 70%, and median follow-up period of
3.13 years). Table 1 shows baseline characteristics of the patients
in the HFrEF and HFpEF groups. The number of patients in the
HFpEF group was twice that in the HFrEF group. The HFpEF group
was characterized by more females, older age, higher SBP, lower
HR and NYHA functional class, higher prevalence of hypertension and valvular heart disease, and lower serum brain natriuretic
peptide levels. The prevalence of 𝛽-blocker use was significantly
lower in the HFpEF group than in the HFrEF group (40% vs. 65%,
P < 0.001). Supplementary material online, Table S1, shows the
baseline characteristics of tertiles of baseline HR for both groups.
Although almost all backgrounds except 𝛽-blocker use were comparable among the tertiles in the HFrEF group, the tertiles in the
HFpEF group showed statistically significant trends in LVDd, LVEF
value, ischaemic heart disease, prevalence of female sex and loop
diuretics use, in addition to 𝛽-blocker use.

Impact of HR increase on clinical
outcomes
During the follow-up period of median 3.13 years, 133 (15.0%) and
176 (9.8%) all-cause deaths, 79 (8.9%) and 76 (4.2%) CV deaths,
42 (4.7%) and 32 (1.8%) deaths for heart failure, 164 (18.5%)
and 122 (6.8%) admission for heart failure, 42 (4.7%) and 86
(4.8%) non-CV deaths were noted in the HFrEF and HFpEF groups,
respectively. There were 26 deaths due to unknown origins. The
actual number of events and event rate in tertiles are shown in
Supplementary material online, Table S2. The Kaplan–Meier curves
and multivariate Cox regression analyses revealed that the higher
HR tertile had more increased risk of all-cause death in both the
HFrEF and HFpEF groups (Figures 1A,B and 2). As for CV and HF
death, a significant relationship between HR and mortality was
noted in the HFpEF group (hazard ratios of the highest HR tertile
2.17, 95% CI 1.19–3.99, P = 0.012 for CV death and 3.79, 95%
CI 1.24–11.62, P = 0.020 for HF death). In contrast, in the HFrEF
group, elevated HR was not significantly associated with increased
risk of CV mortality and HF mortality (hazard ratios of the highest
HR tertile 1.49, 95% CI 0.87–2.54, P = 0.143 for CV death; and
1.07, 95% CI 0.50–2.27, P = 0.864 for HF death) (Figures 1C,D and
2). Furthermore, a significant relationship between HR and non-CV
© 2013 The Authors
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Table 1 Baseline characteristics of two groups defined by baseline LVEF
Total
HFrEF
HFpEF
P-value
n = 2688
n = 885
n = 1803
(100%)
(32%)
(67%)
...........................................................................................................................................
Patients’ characteristics
Male sex
Age (years)
BMI
Systolic BP (mmHg)
Heart rate (bpm)
LVDd (mm)
LVEF (%)
NYHA
I
II
III
IV
Medical history
Hypertension
Diabetes mellitus
Dyslipidaemia
Stroke
Malignant disease
Ischaemic heart disease
Cardiomyopathy
Valvular heart disease
Laboratory data
Haemoglobin (g/dL)
Albumin (mg/dL)
LDL-C (mg/dL)
eGFR (mL/min/1.73 m2 )
BNP [pg/mL, median (IQR)]
Medication
𝛽-Blockers
RASI
Loop diuretics
Aldosterone antagonists
Statins

1874 (70%)
67.5 ± 13
24.0 ± 3.9
127.9 ± 19.0
71.1 ± 13.5
52.0 ± 9.2
57.2 ± 15.6

654 (74%)
66.6 ± 13.0
23.5 ± 4.0
123.3 ± 19.8
72.9 ± 13.7
58.6 ± 9.1
38.8 ± 8.8

1220 (68%)
67.9 ± 13.0
24.3 ± 3.8
130.2 ± 18.2
70.2 ± 13.3
48.7 ± 7.3
66.2 ± 8.9

702 (26%)
1701 (64%)
254 (9%)
18 (1%)

154 (17%)
605 (69%)
111 (13%)
11 (1%)

548 (31%)
1096 (61%)
143 (8%)
7 (0%)

2109 (78%)
758 (28%)
2079 (77%)
420 (16%)
280 (10%)
1594 (59%)
469 (17%)
472 (18%)

637 (72%)
258 (29%)
695 (79%)
122 (14%)
92 (10%)
517 (58%)
267 (30%)
89 (10%)

1472 (82%)
500 (28%)
1384 (77%)
298 (17%)
188 (10%)
1077 (60%)
202 (11%)
383 (21%)

< 0.001
0.466
0.327
0.070
1.000
0.531
0.000
< 0.001

13.2 ± 2.0
4.1 ± 0.5
105.4 ± 30.7
62.8 ± 25.3
71 (29–186)

13.2 ± 2.0
4.1 ± 0.5
105.6 ± 31.3
60.7 ± 22.6
135 (53–316)

13.2 ± 1.9
4.1 ± 0.5
105.3 ± 30.4
63.8 ± 26.5
53 (22–131)

0.667
0.005
0.840
0.002
< 0.001

1292 (48%)
1966 (73%)
1073 (40%)
548 (20%)
1240 (46%)

575 (65%)
706 (80%)
506 (57%)
303 (34%)
407 (46%)

717 (40%)
1260 (70%)
567 (31%)
245 (14%)
833 (46%)

< 0.001
< 0.001
< 0.001
< 0.001
0.934

0.001
0.020
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

mortality was noted in the HFrEF group (hazard ratio of the highest
HR tertile 2.33, 95% CI 1.09–4.97, P = 0.029), but not in the HFpEF
group (Figure 2). Hazard ratio for HF admission tended to increase
according to HR increment in the HFpEF group but not in the
HFrEF group (Figure 2). The prognostic impact of baseline HR on
CV and HF mortality were more evident in the HFpEF than in the
HFrEF group, whereas such an impact on non-CV death was noted
only in the HFrEF group (Figure 2).

𝜷-Blocker use and prognostic impact of
HR
When the baseline characteristics were examined according to
LVEF and use of 𝛽-blockers, the patients treated with 𝛽-blockers
were younger and had lower HR compared with those treated

............................................

BMI, body mass index; BP, blood pressure; LVDd, left ventricular diastolic diameter; LDL-C, low-density lipoprotein-cholesterol; BNP, brain natriuretic peptide; eGFR, estimated
glomerular filtration rate; RASI, renin–angiotensin system inhibitors.
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without 𝛽-blockers in both the HFrEF and the HFpEF groups (Supplementary material online, Table S3). SBP was lower in the patients
with 𝛽-blockers compared with those without 𝛽-blockers in the
HFrEF group (121.4 ± 19.6 vs. 126.8 ± 19.7 mmHg), but not in the
HFpEF group (130.3 ± 18.4 vs. 130.1 ± 18.1 mmHg). Importantly,
both univariate and multivariate Cox regression analyses revealed
that use of 𝛽-blockers was significantly associated with a reduction
in HF death in the HFrEF but not in the HFpEF group (Table 2).
Risk reduction by 𝛽-blockers for all-cause death, CV death and HF
death were observed in the HFrEF patients but not in the HFpEF
patients (Table 2). In contrast, use of 𝛽-blockers was not associated
with reduced risk of admission for HF in either group. The association of mortality with HR categories was notable for all-cause death
and CV death only in patients with HFpEF and treated without 𝛽blockers.
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B

C

D

E

F

Cut-off value of HR for CV death
We attempted to search cut-off values of HR to split both HFrEF
and HFpEF patients for CV death based on CART analysis (Table 3).
CART analysis suggested that the primary cut-off value in baseline
HR to discern a high-risk population for CV death were 63.5, 69.5,
and 63.5 bpm in the overall, HFrEF, and HFpEF patients, respectively, and that those for non-CV death were all 71.5 bpm (Table 3).
A total of 1683 (62.6%), 511 (57.7%), and 1172 (65.0%) patients
had HR equal to or more than the cut-off values with hazard ratios
of 1.85 (95% CI 1.26–2.73, P = 0.002), 1.60 (1.00–2.55, P = 0.051),

................................

Figure 1 Kaplan–Meier curves for outcomes in HFrEF and HFpEF. Kaplan–Meier curves for all-cause death of HFrEF (A) and HFpEF (B), CV
death of HFrEF (C) and HFpEF (D), and non-CV death of HFrEF (E) and HFpEF (F).

and 2.04 (1.17–3.53, P = 0.012) for CV death in the overall, HFrEF,
and HFpEF patients, respectively (Table 3).

Discussion
In the present study, we examined the difference in the prognostic
impact of HR status between the HFpEF and HFrEF groups in the
CHART-2 study, the largest-scale prospective observational study
for patients in Stage B, C, and D HF in Japan.14 – 16 The present
study is the first to report an association in detail between elevated
HR and modes of death in HFpEF in comparison with those
© 2013 The Authors
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Figure 2 Association between baseline HR and outcomes in HFrEF and HFpEF. Adjusted hazard ratio for all-cause death, CV death, HF
death, HF admission, and non-CV death in HFrEF and HFpEF.

Table 2 Unadjusted and adjusted hazard ratios of 𝜷-blocker for all-cause death, CV death, HF death, and HF
admission in HFrEF and HFpEF
Adjusteda
............................
.............................
HFrEF
HFpEF
HFrEF
HFpEF
............................
............................
............................
.............................
Hazard ratio
P-value
Hazard ratio
P-value
Hazard ratio
P-value
Hazard ratio
P-value
(95% CI)
(95% CI)
(95% CI)
(95% CI)
...........................................................................................................................................
All-cause death
CV death
HF death
HF admission

Unadjusted
............................

............................

0.70 (0.50–0.99)
0.68 (0.43–1.06)
0.51 (0.28–0.94)
1.16 (0.84–1.63)

0.81 (0.59–1.10)
0.79 (0.49–1.27)
0.51 (0.23–1.13)
0.98 (0.68–1.41)

0.042
0.088
0.030
0.351

0.174
0.326
0.096
0.926

0.71 (0.49–1.03)
0.68 (0.42–1.11)
0.49 (0.25–0.96)
1.05 (0.74–1.49)

0.075
0.123
0.038
0.797

1.11 (0.79–1.54)
0.96 (0.58–1.59)
0.64 (0.26–1.55)
0.97 (0.66–1.43)

0.553
0.874
0.321
0.887

a Adjusted

in HFrEF. The results demonstrated that the impact of elevated
baseline HR on CV mortality was notable in the HFpEF group
compared with the HFrEF group, particularly on HF mortality.

Elevated baseline HR and all-cause
mortality in HF
The present study demonstrated the impacts of HR status on
all-cause mortality in both HFrEF and HFpEF patients, where the
increased risk of all-cause deaths in patients with higher HR was
noted even after adjustment for patient background, medication,
and possible other confounders for mortality and morbidity.
This relationship between elevated baseline HR and increased
mortality appears to be reasonable in the clinical setting, because
elevated HR could be a reflection of neurohumoral activation of

.............................................

by age, sex, BMI, systolic blood pressure, LVEF, LVDd, Hb, eGFR, RASI, and HR catgories.
CV, cardiovascular; HF, heart failure.

© 2013 The Authors
European Journal of Heart Failure © 2013 European Society of Cardiology

the sympathetic nervous system, an excessive compensation for
reduced cardiac output and myocardial ischaemia. However, it is
still controversial whether elevated baseline HR is associated with
increased all-cause mortality in HFpEF as in HFrEF. For example,
in the subanalysis of the CHARM programmes, the correlation of
baseline HR and risks for all-cause death was noted in both the
HFrEF and HFpEF groups,11 whereas the subanalysis of the DIG
study revealed that elevated HR was associated with all-cause
death in HFrEF but not in HFpEF patients.13 Thus, our results
regarding prognostic impacts of elevated HR on all-cause mortality
are consistent with those of the CHARM programmes, but not
with those of the DIG study, providing additional evidence for the
relationship between baseline HR and clinical outcomes in a large
cohort of patients receiving contemporary management for Stage
C/D HF in the real-world setting.
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Table 3 Split point of HR for outcomes in overall patients, HFrEF and HFpEF
First split
Hazard ratio of
95% CI
P-value
point of HR
higher HR groupa
...........................................................................................................................................
CV death

Non-CV death

All
HFrEF
HFpEF
All
HFrEF
HFpEF

1.85 (≥ 64 bpm)
1.60 (≥ 67 bpm)
2.04 (≥ 64 bpm)
1.68 (≥ 72 bpm)
1.34 (≥ 72 bpm)
1.45 (≥ 72 bpm)

63.5 bpm
69.5 bpm
63.5 bpm
71.5 bpm
71.5 bpm
71.5 bpm

1.26–2.73
1.00–2.55
1.17–3.53
1.19–2.38
1.22–4.50
0.95–2.22

0.002
0.051
0.012
0.004
0.011
0.082

a Unadjusted

Different impact of baseline HR between
HFrEF and HFpEF
Bui et al. demonstrated that HFpEF was associated with a higher
risk of in-hospital mortality with increasing admission HR compared with HFrEF among patients hospitalized for HF, suggesting
that higher HR might have imparted increased in-hospital mortality in HFpEF patients.20 As for the impacts of elevated baseline HR
on long-term CV mortality, the present study may provide the first
evidence that such impacts on CV death, particularly on HF death,
are rather significant in HFpEF compared with HFrEF (Figure 2).
The relationship between elevated HR and increased CV mortality
in HFpEF appears reasonable, since HFpEF is generally complicated
by diastolic dysfunction and thus could be further worsened by
shortening of the diastolic period according to an increase in HR.21
In the present study, there was no association between HR and
hospitalization for HF in HFrEF or HFpEF (Figure 2). In addition,
the present study may provide the first evidence for the association between baseline HR and non-CV death in HFrEF patients,
following an association between HR and non-CV mortality being
observed in the general population.22 – 24 Although the precise
mechanisms remain to be elucidated, low physical activity, elevated
adrenergic activity and smoking might be possible explanations
for the association between elevated HR and increased non-CV
mortality.22 – 24

Cut-off value of HR for CV death
in HFrEF and HFpEF
In order to determine the cut-off point for HR to partition Stage
C/D patients according to the mortality rates, we performed CART
analysis, demonstrating that 63.5, 69.5, and 63.5 bpm could be the
primary splitting points for CV death among the overall, HFrEF, and
HFpEF patients, respectively (Table 3). The univariate Cox regression analysis revealed that HFpEF patients with HR > 63.5 bpm had
an increased risk for CV death with a statistical significance (hazard
ratio 2.04, P = 0.012 for patients with HR > 64 bpm), and HFrEF
patients with HR > 69.5 bpm with a tendency (hazard ratio 1.60,
P = 0.051 for patients with HR >67 bpm). These results may suggest that the therapeutic range of HR to reduce CV mortality
could be lower in HFpEF compared with HFrEF patients (63.5 vs.

...........................................................................................................................

hazard ratios of patients with HR more than optimal split point indicated by CART analysis (higher HR group) over those with HR not more than indicated (lower
HR group). The minimum HRs of the higher HR group are shown in parentheses next to the hazard ratios.

69.5 bpm). This was likely because a longer duration of the diastolic period is necessary to reduce CV mortality in patients with
diastolic dysfunction compared with systolic dysfunction. In this
context, HR reduction therapy could be an option to reduce CV
mortality in HFpEF patients. Indeed, it has been reported that
selective HR reduction by ivabradin improves vascular stiffness and
left ventricular systolic and diastolic function in mice.25 A subanalysis of the SHIFT trial, which enrolled patients with HF and
EF < 35%, revealed that the prognostic impact of HR reduction
by ivabradine was greater in patients who had baseline HR ≥ 75
and had achieved < 60 bpm or heart rate reductions > 10 bpm.26
Although the cut-off point of HR to discern CV mortality may vary
according to the baseline ejection fraction, further reduction of HR
with ivabradine could be effective in patients with HFpEF. However,
further investigations are required to elucidate whether HR reduction is effective in the management of HFpEF patients in real-world
practice.

𝜷-Blocker therapy in HFpEF
It is widely accepted that 𝛽-blocker therapy improves LVEF
and reduces mortality in HFrEF patients through inhibition of
sympathetic nervous activity and reduction in HR and oxygen
consumption.27,28 The present study suggested different prognostic impacts of 𝛽-blockers between HFrEF and HFpEF, as 𝛽-blocker
therapy was associated with decreased HF mortality in patients
with HFrEF but not in those with HFpEF. 𝛽-Blockers could theoretically be beneficial in patients with HFpEF because shortening of the
diastolic period could exacerbate diastolic dysfunction, a common
feature of the disorder.21 However, it was previously reported that
𝛽-blockers may not be so useful in HFpEF patients,29 a consistent
finding of the present study. However, there remains a possibility that standard doses of 𝛽-blockers (for Japanese patients) in
the present study was not sufficient to reduce CV mortality for
HFpEF patients. In fact, Yamamoto et al. recently reported that
a higher dose of carvedilol was associated with lower incidence
of a composite of cardiovascular death and unplanned hospitalization for any cardiovascular cause in patients with HFpEF in
the Japanese population.30 Thus, further studies are warranted to
examine whether higher doses of 𝛽-blockers could improve the
mortality of HFpEF patients.
© 2013 The Authors
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Study limitations
Several limitations should be mentioned for the present study. First,
the number of HFrEF patients was smaller than that of HFpEF
patients, and therefore the power might not be enough to detect
a statistical significance in HFrEF patients; thus, interpretation
should be made with caution. Second, the CHART-2 Study is
a prospective, observational study that reflects the real-world
practice of HF, as consecutive HF patients were enrolled with a
minimal selection bias; however, we have to consider influences
on the results by unknown confounders. Third, in the present
study, we only used the data at the entry and did not take
into consideration the possible changes in LVEF, HR, episodes
of arrhythmia, particularly those of atrial fibrillation, medication,
and other covariates during the follow-up period. In addition,
no data were available for 𝛽-blocker therapy, such as timing of
initiation, daily doses, adherence, discontinuation, and reasons for
the presence or absence of prescription. Thus, it was difficult to
elucidate the prognostic impact of 𝛽-blocker therapy in the present
study. Fourth, in the present study, according to European Society
of Cardiology guidelines,15 we chose the cut-off value of LVEF 50%
to define HFpEF. However, caution is needed in interpreting the
present results when comparing other cohorts with different cutoff values to discriminate between HFrEF and HFpEF, such as 35%
or 40%.8,10 Finally, all subjects in the CHART-2 Study were Japanese
people, which may limit generalization of the present results to
patients in other countries.

Conclusions
We demonstrated the different impacts of elevated baseline HR
on CV and non-CV mortality between HFrEF and HFpEF in the
CHART-2 Study. Although the influence of elevated baseline HR on
all-cause mortality was comparable, elevated HR was significantly
associated with CV death in HFpEF, but insignificantly in HFrEF,
particularly for HF death. Further studies are needed to elucidate
the relationship between elevated baseline HR and mortality in
order to improve the survival of HF patients.

Acknowledgements
We thank all the members of the Tohoku Heart Failure Society
and the staff of the Department of Evidence-based Cardiovascular
Medicine for their valuable contributions.

Supplementary Information
Additional Supporting Information may be found in the online
version of this article:
Table S1. Baseline characteristics of tertiles defined by baseline
heart rate of the two groups
Table S2. Actual number of event for tertiles in HFrEF and HFpEF
Table S3. Baseline characteristics across four groups defined by
LVEF and 𝛽-blocker
Appendix S1. Impact of elevated heart rate on clinical outcomes
in patients with heart failure with reduced and preserved ejection
fraction: a report from the CHART-2 study

........................................................................................................................................................................................................................

Different impact of heart rate in HFrEF and HFpEF

© 2013 The Authors
European Journal of Heart Failure © 2013 European Society of Cardiology

Funding
The Ministry of Health, Labour, and Welfare, Tokyo, Japan
(#18190401, #21170901, #24120301, #24140601); and the Ministry
of Education, Culture, Sports, Science, and Technology, Tokyo, Japan
(#24790605, #25330032).
Conflict of interest: The Department of Evidence-based Cardiovascular Medicine, Tohoku University Graduate School of Medicine,
is supported in part by the unrestricted research grants from Daiichi
Sankyo Co., Ltd. (Tokyo, Japan), Bayer Yakuhin, Ltd. (Osaka, Japan),
Kyowa Hakko Kirin Co., Ltd. (Tokyo, Japan), Kowa Pharmaceutical Co.,
Ltd. (Tokyo, Japan), Novartis Pharma K.K. (Tokyo, Japan), Dainippon
Sumitomo Pharma, Co., Ltd. (Osaka, Japan), and Nippon Boehringer
Ingelheim Co., Ltd. (Tokyo, Japan). H.S. has received lecture fees from
Bayer Yakuhin, Ltd, (Osaka, Japan), Daiichi Sankyo Co., Ltd. (Tokyo,
Japan) and Novartis Pharma K.K., (Tokyo, Japan).

References
1. Wallhaus TR, Taylor M, DeGrado TR, Russell DC, Stanko P, Nickles RJ, Stone CK.
Myocardial free fatty acid and glucose use after carvedilol treatment in patients
with congestive heart failure. Circulation 2001;103:2441–2446.
2. Mulieri LA, Hasenfuss G, Leavitt B, Allen PD, Alpert NR. Altered myocardial
force-frequency relation in human heart failure. Circulation 1992;85:1743–1750.
3. Custodis F, Baumhäkel M, Schlimmer N, List F, Gensch C, Böhm M, Laufs U. Heart
rate reduction by ivabradine reduces oxidative stress, improves endothelial function, and prevents atherosclerosis in apolipoprotein E-deficient mice. Circulation
2008;117:2377–2387.
4. Nanchen D, Stott DJ, Gussekloo J, Mooijaart SP, Westendorp RG, Jukema JW,
Macfarlane PW, Cornuz J, Rodondi N, Buckley BM, Ford I, Sattar N, de Craen AJ,
PROSPER Group. Resting heart rate and incident heart failure and cardiovascular
mortality in older adults: role of inflammation and endothelial dysfunction: the
PROSPER study. Eur J Heart Fail 2013;15:581–588.
5. Böhm M, Swedberg K, Komajda M, Borer JS, Ford I, Dubost-Brama A, Lerebours
G, Tavazzi L, SHIFT Investigators. Heart rate as a risk factor in chronic heart
failure (SHIFT): the association between heart rate and outcomes in a randomised
placebo-controlled trial. Lancet 2010;376:886–894.
6. Swedberg K, Komajda M, Böhm M, Borer JS, Ford I, Dubost-Brama A, Lerebours
G, Tavazzi L, SHIFT Investigators, on behalf of the SHIFT Investigators. Ivabradine
and outcomes in chronic heart failure (SHIFT): a randomised placebo-controlled
study. Lancet 2010;376:875–885.
7. Lechat P, Hulot JS, Escolano S, Mallet A, Leizorovicz A, Werhlen-Grandjean
M, Pochmalicki G, Dargie H. Heart rate and cardiac rhythm relationships
with bisoprolol benefit in chronic heart failure in CIBIS II trial. Circulation
2001;103:1428–1433.
8. Fox K, Ford I, Steg PG, Tendera M, Robertson M, Ferrari R, BEAUTIFUL
Investigators. Heart rate as a prognostic risk factor in patients with coronary
artery disease and left-ventricular systolic dysfunction (BEAUTIFUL): a subgroup
analysis of a randomised controlled trial. Lancet 2008;372:817–821.
9. Dobre D, Borer JS, Fox K, Swedberg K, Adams KF, Cleland JG, Cohen-Solal A,
Gheorghiade M, Gueyffier F, O’Connor CM, Fiuzat M, Patak A, Piña IL, Rosano G,
Sabbah HN, Tavazzi L, Zannad F. Heart rate: a prognostic factor and therapeutic
target in chronic heart failure. The distinct roles of drugs with heart rate-lowering
properties. Eur J Heart Fail 2014;16:76–85.
10. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Böhm M, Dickstein K,
Falk V, Filippatos G, Fonseca C, Gomez-Sanchez MA, Jaarsma T, Køber L,
Lip GY, Maggioni AP, Parkhomenko A, Pieske BM, Popescu BA, Rønnevik PK,
Rutten FH, Schwitter J, Seferovic P, Stepinska J, Trindade PT, Voors AA, Zannad
F, Zeiher A, ESC Committee for Practice Guidelines. ESC guidelines for the
diagnosis and treatment of acute and chronic heart failure 2012: the Task Force
for the Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of
the European Society of Cardiology. Developed in collaboration with the Heart
Failure Association (HFA) of the ESC. Eur Heart J 2012;33:1787–1847.
11. Castagno D, Skali H, Takeuchi M, Swedberg K, Yusuf S, Granger CB, Michelson EL, Pfeffer MA, McMurray JJ, Solomon SD, CHARM Investigators. Association of heart rate and outcomes in a broad spectrum of patients with
chronic heart failure: results from the CHARM (Candesartan in Heart Failure:
Assessment of Reduction in Mortality and morbidity) program. J Am Coll Cardiol
2012;59:1785–1795.

316
.................................................................................

12. Kapoor JR, Heidenrech PA. Heart rate predicts mortality in patients with heart
failure and preserved systolic function. J Card Fail 2010;16:806–811.
13. Maeder MT, Kaye DM. Different impact of heart rate and blood pressure
on outcome in patients with heart failure with reduced versus preserved left
ventricular ejection fraction. Int J Cardiol 2012;155:249–256.
14. Shiba N, Nochioka K, Miura M, Kohno H, Shimokawa H, CHART-2 Investigators.
Trend of westernization of etiology and clinical characteristics of heart failure
patients in Japan. First report from the CHART-2 study. Circ J 2011;75:823–833.
15. Miura M, Shiba N, Nochioka K, Takada T, Takahashi J, Kohno H, Shimokawa H,
CHART-2 Investigators. Urinary albumin excretion in heart failure with preserved
ejection fraction: an interim analysis of the CHART 2 study. Eur J Heart Fail
2012;14:367–376.
16. Nochioka K, Sakata Y, Takahashi J, Miyata S, Miura M, Takada T, Fukumoto Y,
Shiba N, Shimokawa H, CHART-2 Investigators. Prognostic impact of nutritional
status in asymptomatic patients with cardiac diseases. Circ J 2013;77:2318–2326.
17. Paulus WJ, Tschöpe C, Sanderson JE, Rusconi C, Flachskampf FA, Rademakers
FE, Marino P, Smiseth OA, De Keulenaer G, Leite-Moreira AF, Borbély A, Edes I,
Handoko ML, Heymans S, Pezzali N, Pieske B, Dickstein K, Fraser AG, Brutsaert
DL. How to diagnose diastolic heart failure: a consensus statement on the
diagnosis of heart failure with normal left ventricular ejection fraction by the
Heart Failure and Echocardiography Associations of the European Society of
Cardiology. Eur Heart J 2007;28:2539–2550.
18. Lewis RJ. An introduction to classification and regression tree (CART) analysis. Presented at the 2000 Annual Meeting of the Society for Academic Emergency Medicine in San Francisco, California. http://citeseerx.ist.psu.edu/viewdoc/
download (11 september 2012).
19. Yohannes Y, Hoddinott J. Classification and regression trees: an introduction. 1999. http://www.ifpri.org/sites/default/files/pubs/themes/mp18/techguid/
tg03.pdf (11 september 2012).
20. Bui AL, Grau-Sepulveda MV, Hernandez AF, Peterson ED, Yancy CW, Bhatt
DL, Fonarow GC. Admission heart rate and in-hospital outcomes in patients
hospitalized for heart failure in sinus rhythm and in atrial fibrillation. Am Heart J
2013;165:567–574.e6.
21. Persson H, Lonn E, Edner M, Baruch L, Lang CC, Morton JJ, Ostergren J, McKelvie RS, Investigators of the CHARM Echocardiographic Substudy-CHARMES.
Diastolic dysfunction in heart failure with preserved systolic function: need

T. Takada et al.

22.

23.

24.
25.

26.

27.

28.

29.

30.

for objective evidence: results from the CHARM Echocardiographic SubstudyCHARMES. J Am Coll Cardiol 2007;49:687–694.
Wannamethee G, Shaper AG, Macfarlane PW. Heart rate, physical activity, and
mortality from cancer and other noncardiovascular diseases. Am J Epidemiol
1993;137:735–748.
Seccareccia F, Pannozzo F, Dima F, Minoprio A, Menditto A, Lo Noce C,
Giampaoli S, Malattie Cardiovascolari Aterosclerotiche Istituto Superiore di
Sanita Project. Heart rate as a predictor of mortality: the MATISS project. Am
J Public Health 2001;91:1258–1263.
Kannel WB, Kannel C, Paffenbarger RS Jr, Cupples LA. Heart rate and cardiovascular mortality: the Framingham Study. Am Heart J 1987;113:1489–1494.
Reil JC, Hohl M, Reil GH, Granzier HL, Kratz MT, Kazakov A, Fries P, Müller
A, Lenski M, Custodis F, Gräber S, Fröhlig G, Steendijk P, Neuberger HR,
Böhm M. Heart rate reduction by If -inhibition improves vascular stiffness and
left ventricular systolic and diastolic function in a mouse model of heart failure
with preserved ejection fraction. Eur Heart J 2013;34:2839–2849.
Böhm M, Borer J, Ford I, Gonzalez-Juanatey JR, Komajda M, Lopez-Sendon J,
Reil JC, Swedberg K, Tavazzi L. Heart rate at baseline influences the effect of
ivabradine on cardiovascular outcomes in chronic heart failure: analysis from the
SHIFT study. Clin Res Cardiol 2013;102:11–22.
Kaye DM, Lefkovits J, Jennings GL, Bergin P, Broughton A, Esler MD. Adverse
consequences of high sympathetic nervous activity in the failing human heart. J
Am Coll Cardiol 1995;26:1257–1263.
Beanlands RS, Nahmias C, Gordon E, Coates G, deKemp R, Firnau G, Fallen
E. The effects of 𝛽1-blockade on oxidative metabolism and the metabolic cost
of ventricular work in patients with left ventricular dysfunction: a doubleblind, placebo-controlled, positron-emission tomography study. Circulation
2000;102:2070–2075.
Hernandez AF, Hammill BG, O’Connor CM, Schulman KA, Curtis LH, Fonarow
GC. Clinical effectiveness of beta-blockers in heart failure: findings from
the OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treatment in
Hospitalized Patients with Heart Failure) Registry. J Am Coll Cardiol 2009;53:
184–192.
Yamamoto K, Origasa H, Hori M, J-DHF Investigators. Effects of carvedilol on
heart failure with preserved ejection fraction: the Japanese Diastolic Heart Failure
Study (J-DHF). Eur J Heart Fail 2013;15:110–118.

© 2013 The Authors
European Journal of Heart Failure © 2013 European Society of Cardiology

