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The impact of heart rate on patients diagnosed with heart failure with 
mid-range ejection fraction

Introduction

Heart failure (HF) is a clinical syndrome characterized by 
typical symptoms and signs caused by functional and/or struc-
tural cardiac defects (1). It is traditionally divided into two types 
as heart failure with reduced ejection fraction (HFrEF) and heart 
failure with preserved ejection fraction (HFpEF) based on the re-
tention of left ventricular ejection fraction (LVEF <40% or ≥50%). 
However, in 2016, the European Society of Cardiology (ESC) de-
fined a third type of HF with mid-range LVEF (40%–49%) as heart 
failure with mid-range ejection fraction (HFmrEF) in their newly 
updated diagnostic and treatment guidelines (1). Some trials 
showed that HFmrEF was a distinct clinical entity (2, 3), whereas 
others preferred a transitional status between HFpEF and HFrEF 
rather than its independence. Its clinical features are intermedi-
ate between HFpEF and HFrEF; however, alternative transitions 

from HFmrEF to HFpEF or HFrEF occur within the first year of the 
pathological processes, dynamically (4, 5). The ESC guideline 
recommends screening patients with HFmrEF for comorbidities, 
and if present, it should be treated with safe and effective inter-
ventions to improve symptoms (1).

Heart rate has been regarded as an independent predictor 
of outcome for patients with HFrEF, and therapeutic strategies 
aimed to lowering heart rate have been proven to improve the 
outcomes in patients with HF (6-9). There was no evidence that 
heart rate control improves symptoms in patients diagnosed 
with HFpEF (10, 11), and the management of atrial fibrillation 
(AF) in HFpEF has not been investigated to the same extent as in 
HFrEF. As such, the current guidelines recommend initial heart 
rate control via agents followed by a trial of rhythm control if 
symptoms of AF persist (12). Patients with HFmrEF have gener-
ally been included in trials of HFpEF, so there was less evidence 
evaluating the impact of heart rate on HFmrEF. It might be pos-
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sible to make separate recommendations for each phenotype as 
new data and analyses become available (13).

The health-related quality of life (HRQoL) of patients with HF 
is an important outcome as it reflects the impact of HF on their 
daily lives. Qualifying the patients’ physical and emotional sta-
tuses is important and reliable for physicians to evaluate the ef-
fect of therapy. In addition, improving HRQoL is an important goal 
in HF treatment. There is less information on the comparisons 
of HRQoL in these three populations of patients with HF. Various 
specific HRQoL questionnaires for patients with HF have been 
regarded as crucial assessment tools for the assessment of how 
HF impacts their symptoms, function, and quality of life in recent 
decades (14-17). The Minnesota Living with Heart Failure Ques-
tionnaire (MLHFQ) is one of the most widely used and highly re-
garded HRQoL questionnaires for patients with HF (18, 19).

Therefore, in this retrospective study, we evaluated the as-
sociations of heart rate with outcomes in patients with HFmrEF, 
aiming to find out the relationship between heart rate control 
and prognosis in patients with HFmrEF.

Methods

Study design and patients
We retrospectively referred all patients admitted to the First 

Affiliated Hospital of China Medical University and diagnosed 
with HF from November 2014 to May 2015. Patients with LVEF 
were continuously enrolled and ranged from 40% to 49% accord-
ing to their echocardiography result at admission; the definition 
criteria for HFmrEF was according to the ESC HF guideline (1). 
Exclusion criteria includes recent history of acute coronary syn-
drome, any organic and/or psychiatric disorder that might hinder 
the content completion of health-related questionnaire.

Of the 208 patients enrolled, 11 were lost to follow-up or re-
fused to complete the questionnaire. A total of 197 patients were 
included in the study. Informed consent was obtained from all 
patients. The detailed clinical data recorded at the time of the 
patients’ inclusion were echocardiography, laboratory blood 
tests, and treatments. LV end-diastolic volumes and EF param-
eters were measured and calculated by echocardiography using 
the Simpson biplane method.

Admission and discharge heart rates (in beats/min, bpm) 
were identified by palpation, electrocardiogram, or Holter moni-
toring among patients with sinus rhythm. In order to minimize 
bias caused by possible measurement errors or acute inpatient 
clinical instability, we focused on patients with stable heart 
rates, which was defined as admission to discharge heart rate 
variation of <20 bpm. For those with AF, we adopted and identi-
fied their Holter results according to their mean heart rate for 24 
h. According to previous evidence, in patients with left ventricu-
lar dysfunction and HF, heart rate >70 bpm with an increment in 
resting heart rate of 1 and 5 bpm has been linked to a higher cu-
mulative risk of death for cardiovascular causes and to a higher 

rate of hospitalizations for HF, with 3% and 16%, respectively (9). 
Therefore, we identified the cut-off value of heart rate as 70 bpm.

Of the 197 patients, 92 (46.7%) had a discharge heart rate of 
<70 bpm. We identified the heart rate cut-off value as 70 bpm to 
define low heart rate because a heart rate <70 bpm has been 
shown to be associated with improved cardiovascular outcomes 
in patients with HFrEF.

Follow-up and endpoints
Patients were followed up by phone calls or clinical visits 

1 year after discharge from the hospital. Eleven patients were 
excluded from the study, with nine of them lost to follow-up 
and the other two refused to complete their MLHFQ. Thus, all 
11 patients were censored for survival analysis. The endpoints 
were defined as the presence of all-cause mortality or repeated 
HF-related hospitalization. All-cause death was defined as car-
diac (HF or non-HF), non-cardiac, or unknown cause. HF-related 
hospitalization was defined as hospitalization due to the follow-
ing reasons: unplanned hospitalization, leading to changes in HF 
treatment; emergency room visit or urgent care visit requiring 
intravenous drug treatment (diuretics or inotropic medication); 
invasive intervention (assist device); and initiation of any intrave-
nous drug treatment (diuretics or inotropic medication) related 
to HF, without emergency room or urgent care visit. During the 
follow-up, all patients received the MLHFQ, which is one of the 
most widely used HRQoL questionnaires for patients with HF (18, 
19). The MLHFQ is a self-administered disease-specific ques-
tionnaire for patients with HF, comprising 21 items representing 
different degrees of impact of HF on HRQoL, graded from 0 (none) 
to 5 (very much). It provides a total score (range 0–105), scores 
for two dimensions, physical limitations (questions 2–7 and 12–
13 range 0–40), and emotional limitations (questions 17–21, range 
0–25). Higher scores indicate worse HRQoL, and the questions 
cover symptoms and signs that are relevant to HF.

Statistical analysis
Quantitative variables are expressed as mean (standard de-

viation) or median [95% confidence interval (CI)], as appropriate, 
and categorical variables as frequency (percentage, %). Nor-
mality test was used to assess continuous variables for fitting 
of normal distribution, and for normally distributed continuous 
variables, the Student’s t-test was used. Non-normally distrib-
uted variables were analyzed using the non-parametric Mann-
Whitney U test. The chi-square or Fisher’s exact test was used 
for comparison of categorical variables. Survival analysis was 
conducted by Kaplan–Meier analysis, and statistical differences 
between curves were assessed by log-rank test. The 1-year fol-
low-up MLHFQ scores among three groups were also compared 
by Student’s t-test. Cox proportional hazard model analysis was 
used to identify the potential prognostic factors. Hazard ratio 
(HR) and 95% CI were calculated. All p-values were two-sided. A 
p-value <0.05 was considered statistically significant. Data were 
analyzed using the SPSS 22.0 for Windows.
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Internal reliability of the MLHFQ
Cronbach’s α was used to determine the internal consistency 

of the MLHFQ domains among patients in the three subgroups, 
separately. It evaluates the internal consistency of the items 
within a domain. Values ranged from 0 to 1, with larger values 
providing greater consistence (20). A value ≧0.70 was consid-
ered satisfactory for internal consistency.

Results

We continuously enrolled 197 patients diagnosed with HFm-
rEF in the First Affiliated Hospital of China Medical University 
between November 2014 and May 2015. Figure 1 shows the 
trial flowchart. The follow-up ended in June 2015, and complete 
follow-up was obtained for 94.7% of the patients. The median 
follow-up period was 362 (360–368) days. Among the 197 pa-
tients with intact follow-up information, the baseline and proce-
dural characteristics were not statistically different among both 
groups, except effective glomerular filtration rate (eGFR), and U 
test of eGFR showed that p=0.214 (Table 1).

Events during follow-up
When evaluating the impact of heart rate on the prognosis, 

we compared patients with heart rate <70 bpm and ≥70 bpm. 
The results showed that lower heart rate was associated with 
reducing the incidence of total outcomes (19.5% vs. 32.3%, HR: 
0.508, 95% CI 0.263–0.980, p=0.042) (Table 2). The incidence of all-
cause death and HF hospitalization was not significantly differ-
ent between the two groups.

Quality of life
All patients’ quality of life was measured by the MLHFQ at the 

end of a 1-year follow-up. In patients in the <70 bpm group, the 
degree of inter-item correlation that was evaluated by the Cron-
bach’s α in each MLHFQ domain was large (α>0.80); Cronbach’s 
α coefficients ranged from a low of 0.82 (physical subscale) 
to a high of 0.92 (total score) in the MLHFQ. Similar conditions 
could be found in patients with heart rate >70 bpm, α=0.90 of to-
tal score, 0.88 of physical score, and 0.85 of emotional score. As 

shown in Figure 2, we found that the difference for total scores 
was significant between the two groups (30.7 vs. 33.2, p=0.048), 
and the comparison of both emotional and physical components 
was also performed. We found that patients with <70 bpm had 
lower physical scores (13.9 vs. 15.3, p=0.030); however, there 

Table 1. Baseline characteristics

   Group 1 Group 2 P-value

Age, years  65.1±1.33 63.0±1.29 0.301
Female sex, n (%) 50 (54.3) 61 (58.1) 0.597
Clinical history, n (%)
 Hypertension 55 (59.7) 71 (67.6) 0.253
 Diabetes mellitus 38 (41.3) 46 (42.8) 0.723
 Ischemic etiology 25 (27.2) 30 (28.5) 0.827
 Prior MI  17 (18.4) 18 (17.1) 0.807
 Stroke  50 (54.3) 46 (43.8) 0.140
 Atrial fibrillation 21 (22.8) 23 (21.9) 0.877
 Heart rate  66.8±10.6 78.4±13.1 0.068
NYHA class, n (%)   0.994
 I  17 (18.5) 20 (19.1)
 II  51 (55.4) 58 (55.2)
 III  24 (26.1) 27 (25.7)
LVDd, mm  51.4±7.5 55.2±9.2 0.168
LVDs, mm  42.1±5.5 45.6±6.6 0.098
Laboratory data
 Hemoglobin, g/L 112.26±15.45 112.77±16.09 0.245
 Creatinine, μmol/L 91.82±7.02 83.84±3.23 0.356
 Albumin, g/L  38.38±5.08 37.85±4.25 0.551
 eGFR, mL/min 80.57±32.86 84.74±41.33 0.324
 HDL-C, mmol/L 0.95±0.311 0.96±0.27 0.884
 LDL-C, mmol/L 2.88±1.05 2.95±1.14 0.204
 BNP, pg/mL  858.1±693.83 747.2±616.56 0.196
Discharge medication (%)
 Beta blockers 54 (58.6) 63 (60) 0.852
 ACEI/ARB  49 (53.2) 60 (57.1) 0.585
 Diuretics  73 (79.3) 79 (75.2) 0.493
 Digoxin  18 (19.6) 33 (31.4) 0.058
 Spironolactone 37 (40.2) 43 (40.9) 0.917
 Aspirin  32 (34.7) 36 (34.3) 0.942
 Nitrates  25 (27.2) 30 (28.6) 0.827
Discharge clinical findings
 Systolic blood 123.09±15.74 118.22±22.17 0.079
 pressure, mm Hg
 Diastolic blood 69.46±8.40 69.03±9.47 0.589
 pressure, mm Hg

Group 1: heart rate <70 bpm; Group 2: heart rate ≥70 bpm; ACEI - angiotensin converting 
enzyme inhibitors; ARB - angiotensin II receptor blocker; BNP - brain natriuretic 
peptide; eGFR - effective glomerular filtration rate; HDL-C - high-density lipoprotein 
cholesterol; MI - myocardial infarction; NYHA - New York Heart Association; LDL-C - 
low-density lipoprotein cholesterol

Figure 1. Trial flowchart

208 patients enrolled

96 patients with HR<70 bpm

4 lost to follow-up

92 patients finally enrolled
Total primary outcome: 18
All-cause death: 4
HF hospitalization: 14

105 patients finally enrolled
Total primary outcome: 34
All-cause death: 1
HF hospitalization: 23

7 lost to follow-up

112 patients with HR≥70 bpm
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was no significant difference for the emotional subscale (6.2 vs. 
6.7, p=0.226).

Survival analysis
Kaplan–Meier analysis was conducted for survival analysis. 

First, we compared the overall outcome-free survival ignoring 
the influence of AF. Outcome-free prognosis was significantly 
better in the <70 bpm than in the ≥70 bpm group (HR=1.76, 95% 
CI 1.004–3.089, p=0.045) (Fig. 3). In the following comparison, we 
focused on patients diagnosed with AF or sinus rhythm, and pa-
tients received beta blocker or not.

For the previous comparison, we compared patients diag-
nosed with sinus rhythm and did not enroll patients with AF; the 
results showed that patients in the <70 bpm had better progno-
sis than those in the ≥70 bpm group (HR=2.35, 95% CI 1.03–5.66, 
p=0.049) (Fig. 4). Owing to the relatively low rate of AF diagnosis, 
there was no significant statistical analysis among patients with 
AF. Then, we analyze the impact of beta blockers on patients’ 
survival among patients diagnosed with sinus rhythm, but there 
was no difference between the two heart rate groups who did 

Figure 4. Kaplan–Meier cumulative survival at a 1-year follow-up for 
patients in sinus rhythm with or without beta blockers
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Table 2. Outcome of a 1-year follow-up for patients with different heart rate regimens

  Group 1 Group 2 Hazard ratio (95% CI) P-value

Total primary outcome 18 (19.5%) 34 (32.3%) 0.508 (0.263-0.980) 0.042

All-cause death 4 (4.3%) 1 (0.9%) 0.491 (0.164-1.470) 0.196

HF hospitalization 14 (15.2%) 23 (21.9%) 0.640 (0.307-1.332) 0.231

Group 1: heart rate <70 beats/min; Group 2: heart rate ≥70 beats/min; HF - heart failure

Figure 2. Kaplan–Meier cumulative survival at a 1-year follow-up
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Figure 3. Kaplan–Meier cumulative survival at a 1-year follow-up among 
patients with sinus rhythm
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Table 3. Quality of life in patients with beta blockers

  Group 1 Group 2 P-value

Patients without beta blockers

Total scores  31.4±9.62 32.0±7.38 0.76

Physical scores 14.3±5.08 14.6±3.66 0.76

Emotional scores 6.4±2.51 6.6±1.65 0.70

Patients with agents

Total scores  29.7±8.64 34.0±9.01 0.025

Physical scores 13.3±4.60 15.7±4.59 0.017

Emotional scores 6.14±2.61 6.7±2.33 0.279

Group 1: heart rate <70 beats/min; Group 2: heart rate ≥70 beats/min.
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not receive beta blocker (HR=1.34, 95% CI 0.43–4.23, p=0.62) (Fig. 
5a), and for those given beta blocker, patients in the <70 bpm had 
better prognosis than those in the ≥70 bpm group (HR=2.35, 95% 
CI 1.03–5.66, p=0.046) (Fig. 5b). In the following analysis of the 
quality of life, we also offered similar evidence (Table 3).

Discussion

Findings from our study showed that among patients with 
HFmrEF, a discharge heart rate of <70 bpm was associated with 
lower risk of the combined endpoint of HF readmission or all-
cause mortality. However, lower heart rate had no significant 
association with HF readmission or all-cause death. In addition, 
our analysis confirmed a reduction in mortality with beta block-
ers for patients with HFmrEF in sinus rhythm. In the past, few tri-
als analyzed the features and prognosis in patients with HFmrEF 
who have generally been included in the HFpEF trials.

Approximately half of the hospitalizations for the deterio-
ration and continuing unmitigated syndrome of HF occurred in 

patients with preserved or mid-range ejection. Unfortunately, no 
treatment options have been proven to improve the prognosis in 
HFmrEF (21).

Heart rate represents an important factor of myocardial 
oxygen consumption and of coronary blood flow playing an im-
portant role in the adaptation of cardiac output to the metabolic 
requirements of the organism. It has been found that heart rate 
is associated with higher mortality in various conditions (22). The 
Framingham study showed a 14% increase in all-cause death for 
every 10 bpm increase. In addition, it demonstrated that basal 
heart rate higher than 80 bpm was associated with significantly 
increased risk of developing HF (23). In the CHARM trial, an in-
crease in heart rate during follow-up was a significant predictor 
of events; therefore, heart rate can be identified as an important 
biological marker of prognosis and could represent an important 
therapeutic target (24). 

Unlike HF with reduced EF, no treatment strategies have been 
proven to improve the outcomes in patients with HFmrEF among 
patients with chronic HF, and nearly half had normal or near nor-
mal LVEF; HFmrEF (40%–49%) is receiving increasing attention. 
Prior studies have investigated the features, triggers, prognosis, 
and response to therapy in patients with HFmrEF (25, 26). The 
HRQoL, which reflects the impact of HF on their daily life, is an 
important outcome for patients with HF who suffer from not only 
physical but also emotional pains in their end status of various 
cardiovascular diseases. It is extremely important for the physi-
cian to evaluate both the psychosomatic state and the efficacy 
of therapy. In the present study, we surveyed the quality of life 
among all patients enrolled through a commonly used question-
naire, MLHFQ. The results showed that the quality of life assess-
ment of patients with HFmrEF demonstrated that a discharge 
heart rate of <70 bpm was associated with better quality of life 
according to the total scores and physical subscale, but not for 
emotional one.

Our study also focused on the impact of beta blocker and AF 
on patients with HFmrEF. HF and AF are common conditions in-
creasing in prevalence and reducing the quality of life. AF is both 
a cause and consequence of HF. It is associated with a three-
fold increased risk of incident HF (27). Owing to our limited data, 
we excluded patients diagnosed with AF and analyzed the prog-
nosis of patients with sinus rhythm; we separately analyzed the 
prognosis of patients with or without beta blocker. The results 
showed that patients receiving beta blocker have better progno-
sis and higher quality of life; this may provide reasonable therapy 
strategy for patients with HFmrEF in the future.

There are several interesting points that we need to take 
note. First, the rate of AF in the <70 bpm group was higher than 
that in the ≥70 bpm group, whereas the usage rate of digoxin was 
lower as shown in Table 1. Therefore, we reviewed all patients’ 
medical records and found that patients with a heart rate ≥70 
bpm complained about fatigue and had shortness of breath more 
frequently. Many of them (36.7%) presented with a high heart 
rate (>100 bpm); for these patients, beta blocker alone could not 

Figure 5. The impact of beta blockers on patients’ survival at a 1 year 
follow-up 
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effectively control their heart rate, so many of them received di-
goxin. Second, some trials identified that HFmrEF was a transi-
tional stage from HFpEF to HFrEF, indicating that there may be 
some similarities to HFpEF, patients with HFpEF were older, more 
commonly female, and more likely to be hypertensive, but less 
likely to have coronary artery disease (28). This may explain that 
in our cohort, it is almost 50% female and very rarely ischemic. 
We reviewed the medical records of our patients and found that 
patients with HFpEF were older, more commonly female, and 
more likely to be hypertensive, but less likely to have coronary 
artery disease.

Study limitations
Our study has several limitations. First, the sample size was 

relatively small, and we could not obtain sufficient data to ana-
lyze the impact of AF on patients. Second, this was a retrospec-
tive analysis and background therapy. In addition, patients en-
rolled in our trial used different beta blockers, which may cause 
bias on the prognosis. Finally, we did not have data on heart rate 
before hospital admission.

Conclusion

In conclusion, we believe heart rate is an important prognos-
tic factor in patients with HFmrEF. Patients with a discharge heart 
rate <70 bpm was associated with a lower risk of outcomes and 
better quality of life. Beta blockers reduced the outcome rate in 
patients with HFmrEF in sinus rhythm.

Conflict of interest: None declared.

Peer-review: Externally and internally peer-reviewed.

Authorship contributions: Concept – Y.X., W.H.; Design – Y.X., W.H.; 
Supervision – W.H.; Fundings – None; Materials – Y.X., X.C.; Data collec-
tion &/or processing – Y.X., X.C.; Analysis &/or interpretation – Y.X., W.H.; 
Literature search – Y.X., Y.Z.; Writing – Y.X.; Critical review – Y.Z., W.H.

References

1. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, 
et al.; Authors/Task Force Members; Document Reviewers. 2016 
ESC Guidelines for the diagnosis and treatment of acute and chron-
ic heart failure: The Task Force for the diagnosis and treatment of 
acute and chronic heart failure of the European Society of Cardiol-
ogy (ESC). Developed with the special contribution of the Heart Fail-
ure Association (HFA) of the ESC. Eur J Heart Fail 2016; 18: 891-975. 

2. Chioncel O, Lainscak M, Seferovic PM, Anker SD, Crespo-Leiro MG, 
Harjola VP, et al. Epidemiology and one-year outcomes in patients 
with chronic heart failure and preserved, mid-range and reduced 
ejection fraction: an analysis of the ESC Heart Failure Long-Term 
Registry. Eur J Heart Fail 2017; 19: 1574-85. [CrossRef]

3. Rickenbacher P, Kaufmann BA, Maeder MT, Bernheim A, 
Goetschalckx K, Pfister O, et al.; TIME-CHF Investigators. Heart fail-

ure with mid-range ejection fraction: a distinct clinical entity? In-
sights from the Trial of Intensified versus standard Medical therapy 
in Elderly patients with Congestive Heart Failure (TIME-CHF). Eur J 
Heart Fail 2017; 19: 1586-96. [CrossRef]

4. Tsuji K, Sakata Y, Nochioka K, Miura M, Yamauchi T, Onose T, et 
al.; CHART-2 Investigators. Characterization of heart failure patients 
with mid-range left ventricular ejection fraction-a report from the 
CHART-2 Study. Eur J Heart Fail 2017; 19: 1258-69. [CrossRef]

5. Farmakis D, Simitsis P, Bistola V, Triposkiadis F, Ikonomidis I, Kat-
sanos S, et al. Acute heart failure with mid-range left ventricular 
ejection fraction: clinical profile, in-hospital management, and 
short-term outcome. Clin Res Cardiol 2017; 106: 359-68. [CrossRef]

6. Fox K, Ford I, Steg PG, Tendera M, Robertson M, Ferrari R; BEAUTI-
FUL investigators. Heart rate as a prognostic risk factor in patients 
with coronary artery disease and left-ventricular systolic dysfunc-
tion (BEAUTIFUL): a subgroup analysis of a randomised controlled 
trial. Lancet 2008; 372: 817-21. [CrossRef]

7. Swedberg K, Komajda M, Bohm M, Borer JS, Ford I, Dubost-Brama 
A, et al.; SHIFT Investigators. Ivabradine and outcomes in chronic 
heart failure (SHIFT): a randomised placebo-controlled study. Lan-
cet 2010; 376: 875-85. [CrossRef]

8. Greene SJ, Vaduganathan M, Wilcox JE, Harinstein ME, Maggioni 
AP, Subacius H, et al.; EVEREST Trial Investigators. The prognostic 
significance of heart rate in patients hospitalized for heart failure 
with reduced ejection fraction in sinus rhythm: insights from the 
EVEREST (Efficacy of Vasopressin Antagonism in Heart Failure: Out-
come Study With Tolvaptan) trial. JACC Heart Fail 2013; 1: 488-96.

9. Böhm M, Swedberg K, Komajda M, Borer JS, Ford I, Dubost-Brama 
A, et al. 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: 886-94. [CrossRef]

10. Kapoor JR, Heidenreich PA. Heart rate predicts mortality in patients 
with heart failure and preserved systolic function. J Card Fail 2010; 
16: 806-11. [CrossRef]

11. Fonarow GC, Stough WG, Abraham WT, Albert NM, Gheorghiade 
M, Greenberg BH, et al. Characteristics, treatments, and outcomes 
of patients with preserved systolic function hospitalized for heart 
failure: a report from the OPTIMIZE-HF Registry. J Am Coll Cardiol 
2007; 50: 768-77. [CrossRef]

12. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland 
JC Jr, et al.; ACC/AHA Task Force Members. 2014 AHA/ACC/HRS 
guideline for the management of patients with atrial fibrillation: ex-
ecutive summary: a report of the American College of Cardiology/
American Heart Association Task Force on practice guidelines and 
the Heart Rhythm Society. Circulation 2014; 130: 2071-104. [CrossRef]

13. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, 
et al. 2016 ESC Guidelines for the Diagnosis and Treatment of Acute 
and Chronic Heart Failure. Rev Esp Cardiol (Engl Ed) 2016; 69: 1167.

14. Granger CB, McMurray JJ, Yusuf S, Held P, Michelson EL, Olofsson 
B, et al.; CHARM Investigators and Committees. Effects of can-
desartan in patients with chronic heart failure and reduced left-
ventricular systolic function intolerant to angiotensin-converting-
enzyme inhibitors: the CHARM-Alternative trial. Lancet 2003; 362: 
772-6. [CrossRef]

15. Parissis JT, Nikolaou M, Farmakis D, Paraskevaidis IA, Bistola V, 
Venetsanou K, et al. Self-assessment of health status is associated 
with inflammatory activation and predicts long-term outcomes in 
chronic heart failure. Eur J Heart Fail 2009; 11: 163-9. [CrossRef]

16. Rajati F, Feizi A, Tavakol K, Mostafavi F, Sadeghi M, Sharifirad G. 
Comparative Evaluation of Health-Related Quality of Life Question-

https://doi.org/10.1002/ejhf.592
https://doi.org/10.1002/ejhf.813
https://doi.org/10.1002/ejhf.798
https://doi.org/10.1002/ejhf.807
https://doi.org/10.1007/s00392-016-1063-0
https://doi.org/10.1016/S0140-6736(08)61171-X
https://doi.org/10.1016/S0140-6736(10)61198-1
https://doi.org/10.1016/j.jchf.2013.08.005
https://doi.org/10.1016/S0140-6736(10)61259-7
https://doi.org/10.1016/j.cardfail.2010.04.013
https://doi.org/10.1016/j.jacc.2007.04.064
https://doi.org/10.1161/CIR.0000000000000040
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1016/S0140-6736(03)14284-5
https://doi.org/10.1093/eurjhf/hfn032


Xin et al.
Heart rate in HFmrEF

Anatol J Cardiol 2019; 21: 68-74
DOI:10.14744/AnatolJCardiol.2018.3836474

naires in Patients With Heart Failure Undergoing Cardiac Reha-
bilitation: A Psychometric Study. Arch Phys Med Rehabil 2016; 97: 
1953-62. [CrossRef]

17. Sullivan MD, Levy WC, Russo JE, Crane B, Spertus JA. Summary 
health status measures in advanced heart failure: relationship to 
clinical variables and outcome. J Card Fail 2007; 13: 560-8. [CrossRef]

18. Garin O, Ferrer M, Pont A, Wiklund I, Van Ganse E, Vilagut G, et al. 
Evidence on the global measurement model of the Minnesota Living 
with Heart Failure Questionnaire. Qual Life Res 2013; 22: 2675-84.

19. Bilbao A, Escobar A, Garcia-Perez L, Navarro G, Quiros R. The Min-
nesota living with heart failure questionnaire: comparison of differ-
ent factor structures. Health Qual Life Outcomes 2016; 14: 23.

20. Bland JM, Altman DG. Cronbach's alpha. BMJ 1997; 314: 572.
21. Vizzardi E, Sciatti E, Bonadei I, D'Aloia A, Tartiere-Kesri L, Tartiere 

JM, et al. Effects of spironolactone on ventricular-arterial coupling 
in patients with chronic systolic heart failure and mild symptoms. 
Clin Res Cardiol 2015; 104: 1078-87. [CrossRef]

22. Johansen CD, Olsen RH, Pedersen LR, Kumarathurai P, Mouridsen 
MR, Binici Z, et al. Resting, night-time, and 24 h heart rate as mark-
ers of cardiovascular risk in middle-aged and elderly men and wom-
en with no apparent heart disease. Eur Heart J 2013; 34: 1732-9.

23. Kannel WB, Kannel C, Paffenbarger RS Jr, Cupples LA. Heart rate 
and cardiovascular mortality: the Framingham Study. Am Heart J 
1987; 113: 1489-94. [CrossRef]

24. Vazir A, Claggett B, Jhund P, Castagno D, Skali H, Yusuf S, et al. Prog-
nostic importance of temporal changes in resting heart rate in heart 
failure patients: an analysis of the CHARM program. Eur Heart J 
2015; 36: 669-75. [CrossRef]

25. Pascual-Figal DA, Ferrero-Gregori A, Gomez-Otero I, Vazquez R, 
Delgado-Jimenez J, Alvarez-Garcia J, et al. Mid-range left ventricu-
lar ejection fraction: Clinical profile and cause of death in ambula-
tory patients with chronic heart failure. Int J Cardiol 2017; 240: 265-
70. [CrossRef]

26. Lam CS, Teng TH. Understanding Heart Failure With Mid-Range 
Ejection Fraction. JACC Heart Fail 2016; 4: 473-6. [CrossRef]

27. Stewart S, Hart CL, Hole DJ, McMurray JJ. A population-based 
study of the long-term risks associated with atrial fibrillation: 20-
year follow-up of the Renfrew/Paisley study. Am J Med 2002; 113: 
359-64. [CrossRef]

28. Lüscher TF. Mechanisms and outcomes of heart failure: from HF-
pEF, HFmrEF, and HFrEF to transplantation. Eur Heart J 2018; 39: 
1749-53. [CrossRef]

https://doi.org/10.1016/j.apmr.2016.05.010
https://doi.org/10.1016/j.cardfail.2007.04.001
https://doi.org/10.1007/s11136-013-0383-z
https://doi.org/10.1186/s12955-016-0425-7
https://doi.org/10.1136/bmj.314.7080.572
https://doi.org/10.1007/s00392-015-0877-5
https://doi.org/10.1093/eurheartj/ehs449
https://doi.org/10.1016/0002-8703(87)90666-1
https://doi.org/10.1093/eurheartj/ehu401
https://doi.org/10.1016/j.ijcard.2017.03.032
https://doi.org/10.1016/j.jchf.2016.03.025
https://doi.org/10.1016/S0002-9343(02)01236-6
https://doi.org/10.1093/eurheartj/ehy296



