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ABSTRACT

Objective: On evaluating the guidelines from previous studies, we found no randomized controlled trials on the use of beta-blockers for heart
failure (HF) that employed as evidence for heart rate targets of 60 or 70 beats/min. In this study, we aimed to assess the target heart rate in
patients with HF treated with beta-blockers.

Methods: We used the keywords, “heart failure” and “beta-blocker” to search PubMed, Ovid, EMBASE, and Cochrane from 1966 to June 2021.
Two authors independently reviewed the results of the search strategy and selected all the studies that reported the effect of beta-blockers on
all-cause mortality in patients with HFrEF. We conducted analyses using Review Manager, version 5.0 and Stata version 12.0. Risk of bias was
assessed regarding randomization, allocation sequence concealment, blinding, incomplete outcome data, and other biases. Sensitivity analysis
was carried out to compare the results of fixed effect model with the results of random effect.

Results: No clinical trial supported the optimal heart rate of 60 beats/min. Risk ratio (RR) and 95% confidence interval (Cl) were 0.77 (0.71, 0.83)
and 0.86 (0.76, 0.97) in the subgroup with a baseline heart rate >80 beats/min and subgroup with baseline of <80 beats/min, respectively. RR and
95% CI were 0.92 (0.82, 1.02) and 0.77 (0.65, 0.92) in 2 subgroups with heart rate controlled >70 beats/min and 60-70 beats/min, respectively.
Accumulated to MOCHA 1 trial (heart rate controlled 70 beats/min), there was no significant difference in mortality between the experimental
group and the control group (RR=0.91, 95% CI 0.82-1.02). Accumulated to SENIORS trial (heart rate controlled 68.8 beats/min), there was a dif-
ference in mortality between the experimental and the control groups (RR=0.90, 95% CI 0.82—0.99).

Conclusion: The main effect of beta-blockers in the treatment of HF is achieved by lowering heart rate. The use of beta-blockers did not ben-
efitin people with HFrEF whose heart rate was 77 beats/min before they started the treatment regimen. In patients with HFrEF, the purpose of
beta-blockers is to control the heart rate to 65-70 beats min.
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Introduction start using beta blockade as early as possible and eventually
continue to use it at the maximum tolerable dose. However, there
Beta-blockers are the cornerstone of treatment for heart  are no specific targets for the use of beta blockers.

failure with reduced ejection fraction (HFrEF) (1, 2). Current
guidelines (3-5) recommend that patients with stable, symptom-
atic HF [New York Heart Association (NYHA) class 1l1-1V] should

Heart rate is an independent risk factor for HF (6). An observa-
tional study involving 112,680 people showed that people in the
general population with heart rate controlled at approximately 65
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HIGHLIGHTS

e This meta-analysis assesses target heart rate (HR) in
patients with heart failure (HF) with reduced ejection
fraction (HFrEF) treated with beta-blockers.

e This meta-analysis confirms a clear and specific rela-
tionship between HR and beta blockers in the treatment
of HE

e The use of beta-blockers did not significantly benefit
people with HFrEF whose HR was 77 beats/min before
the use of beta-blockers.

beats/min have the lowest total mortality rates and cardiovascu-
lar mortality rates (7). An observational study of 145,211 patients
with HF reported a J-shaped relationship between hospital mor-
tality and heart rate. They found that the mortality rate was the
lowest among those with a heart rate of 70-75 beats/min (8). Both
the American College of Cardiology/American Heart Association
(3, 9) and European Society of Cardiology (5) guidelines recom-
mend that patients with a heart rate higher than 70 beats/min after
beta-blocker use should consider using ivabradine. This suggests
that the heart rate should be controlled at about 70 beats/min with
beta blockers. However, so far, no randomized controlled trials of
beta blockers for HF were used as evidence for heart rate targets
of 60 or 70 beats/min.

This systematic review of randomized controlled trials of beta-
blockers in patients with HFrEF was conducted to assess the target
heart rate of patients with HF treated with beta blockers.

Methods

We searched PubMed, Ovid, EMBASE, and Cochrane from
1966 to June 2021. No language restrictions were applied, and
only human studies, clinical trials, randomized and controlled
trials” publications were considered. “Heart failure” and “beta-
blocker” were used as keywords. In addition, we searched
recent meta-analyses or reviews of beta-blocker in heart failure
and HF guidelines.

Selection and data abstraction

Two authors independently reviewed the results and select-
ed studies that reported the effect of beta-blockers on all-cause
mortality in patients with HFrEF. Studies were excluded if they
did not report death at the end of the follow-up, used beta-
blockers for one month or less, or enrolled less than 50 patients.
Trials were excluded if there was no difference in the heart rate
between the two groups at the end of the trial.

Two authors independently extracted all outcome data with
subsequent discussion of any discrepancies. The outcomes from
each study were extracted in intention-to-treat categories rather
than per-protocol categories (that is, all outcomes were analyzed
by randomization group to avoid bias from excluding patients who
dropped out, were withdrawn, or did not adhere to treatment).

Statistical analysis

A meta-analyses and subgroup analysis were conducted
using Review Manager, version 5.0 (The Cochrane Collaboration,
Copenhagen, Denmark). We did cumulative analyses using Stata
version 12.0. Owing to the relatively common outcome of inter-
est, we calculated risk ratios (RRs) and 95% confidence interval
(Cl). We assessed and quantified statistical heterogeneity for
each outcome of interest using the Cochran Q test and the 12
statistic, respectively. The 12 statistic quantifies the percentage
of statistical heterogeneity due to between-study variability. By
convention, values <25%, 25% to 50%, and >50% are considered
to have low, moderate, and high amounts of heterogeneity,
respectively. If the heterogeneity was high, the statistical meth-
od chose the random effect model.

Results

Study selection and evaluation

Among the 8 citations that we identified in our search, 106
were potentially eligible for inclusion. Consequently, 84 were
excluded after a detailed review (Fig. 1).

Studies included in the systematic review

Table 1 shows the features from 22 (10-31) randomized trials.
Three trials (13, 17, 28) reported outcome data in subgroups
(each of these subgroups is reported as a separate row in Table
1). Therefore, a total of 27 trials or subgroups were included in
the statistical analysis. The randomization scheme was used in
all the experiments, and loss of follow-up and withdrawal were

Records identified through
Pubmed, Ovid, Embase and
Cochrane searching N=931

Additional records identified
through other sources N=17

A

» Records after duplicates removes
N=445

A4
Records pulled following
title/abstacts screend
N=503

Records excluded, with reasons:
Abstract, letter, reviews and system
review: 50

Ejection fraction retention of heart

»| failure: 133

Pharmacologic test of heart failure: 41
Drug cost, tolerance and safety: 83
The efficacy of Ivabradine and
beta-blocker

A4
Full-text articles assessed for
eligibility
N=106

Full-text articles excludes, with reason:
Did not report death: 35
Compared 2 -blockers group: 21
Trial duration <Tmo: 3
A4 Did not report heart rate at the end of
Studies included in quantitative follow-up period: 12

synthesis (meta-analysis) There was no statistical difference in

N=22 heart rate at the end of follow-up

period between the experimental group
and the control group: 1

\4

Figure 1. Study flow diagram
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Table 1. Characteristics of inclusion trials (Continue)

Baseline Baseline

Baseline
heart

Heart
rate in

heartrate systolic

Beta-

Sample
size, n

Heart rate

in control pressure in Baseline

rate in

blocker

Men, %
beta-

Mean age,
year beta-

follow-up infollow-

mean LVEF

treatment  group, treatment
group,

therapy,

Average

beta-

up control
group

in treatment treatment
group

0.30

group, mm
Hg

127

beats/

beats/min min

7711

final dose,
mg/day

follow-up

time

blocker vs.
control

blocker vs.
control

blocker vs.
control
CHRISTMAS, 193vs. 194 62+9vs.

2003 (27)

group

Objects of study

Stable chronic

Study

8113

65+13

+

Carvedilol,
12.5-100

6 months

90 vs. 90

heart failure owing
to coronary artery

6319

disease, NYHA class
|-, LVEF <0.40

75-80

70-75

Carvedilol,  77+10.5 78+10.9 129
479

18 months

Stable mild CHF, LVEF

<0.40

191vs. 190 61.9vs. 77 vs. 84

CARMEN |,
2004 (28)

62.9

191vs. 190 62.1vs.

75-80

70-75

131

78+10.9 78+10.9

Carvedilol,

48.7

81vs. 84

CARMEN I,
2004 (28)

62.9

505vs. 505 72.4+5.8

67.5£12.7

0.288+0.048 66.7+11.8

Bisoprolol, 78.8+13.8  79.5+13.2 134.5+17.0
5-10

1.22 years

NYHA class Il or I,
LVEF <0.35

65.9 vs.

CIBIS 111,

vs. 72.5+5.7 705

134vs. 126  71.97+£5.02 70.15vs.

2005 (29)
ENECA,

75.00+9.62

76.90+1088 75.29+9.96 134.64:1657 0.2541+0.0709 67.08+9.21

Nebivolol,
14

NYHA class II-IV, LVEF 2 months

<0.35

76.98

VS.

2005 (30)

72.19+5.20

0.360.13 68.8+12.5  77.4£135

138.6

78.9+13.7

79.2+13.6

Nebivolol,
7.7+3.6

12 months

A clinical history of
chronic heart failure,

LVEF <0.35

76.1+4.8 vs. 61.6 vs.
LVEF - left ventricular ejection fraction; NYHA - New York Heart Association

76.1+4.6

1067 vs.
1061

SENIORS,
2005 (31)

64.7

reported. The other experiments were carried out with a
double blind design scheme, except Anderson1985,
MDC1993, CIBIS1994, BEST2001, CAPRICORN200T1,
CARMEN2004. According to the Jadad scoring scale, all
included trials were high-quality studies.

Data synthesis

Only 19 out of 27 trials or subgroups described end-
point heart rate. Except for the CARMEN trial, which con-
trolled the heart rate within the range 70-75 beats/min, the
remaining reports described specific heart rate at the end
of the trial (Fig. 2). The lowest end-point heart rate was
reported in the CHRISTMAS trial, which controlled the
heart rate at 65 beats/min. No clinical trial controlled the
heart rate at 60 beats/min. Heart rate was controlled at
65-70 beats/min in 12 trials, 7080 beats/min in 5 trials, and
above 80 beats/min in 3 trials. Only MERIT-HF and MOCHA
Il trials showed that beta-blockers reduced mortality in
patients with HF in the 19 trials. The heart rate was con-
trolled at 67 beats/min in both trials.

Atotal 25/27 trials or subgroups provided baseline heart
rate. The lowest baseline average heart rate was 76.90
beats/min in 25 clinical trials or subgroups, and the highest
was 91 beats/min. Subgroup analysis was based on the
baseline heart rate level (Fig. 3). RR and 95% Cl were 0.77
(0.71, 0.83) and 0.86 (0.76, 0.97) in the subgroup with base-
line heart rate >80 beats/min and subgroup with baseline
<80 beats/min, respectively. The use of beta-blockers in the
treatment of HF in people with a baseline heart rate >80
beats/min and <80 beats/min was beneficial. However, the
benefits of beta-blockers decreased in people with heart
rate lower than 80 beats/min. It is still unclear whether the
benefits of beta-blocker therapy for HF are likely to disap-
pear with a further reduction in baseline heart rate. The
lowest baseline heart rate (approximately 77 beats/min)
was reported in ENCA, CAPRICORN, CHRISTMAS, and
CARMEN I. A meta-analysis of the four trials (Fig. 4)
showed that RR and 95% Cl were 0.82 (0.67, 1.00), indicating
no significant difference in the mortality rate between the
beta-blockers and control groups. The sensitivity analysis
using the random-effect model yielded significantly similar
results.

Furthermore, subgroup analysis was performed accord-
ing to the heart rate at the end of the trial (Fig. 5). The het-
erogeneity was low, and the fixed-effect model was used.
RR and 95% CI were 0.92 (0.82, 1.02) and 0.77 (0.65, 0.92) in
two subgroups with heart rate control =70 beats/min and
60-70 beats/min, respectively. These data suggested no
significant difference in mortality of patients with HF who
used beta-blockers and controlled their heart rate above 70
beats/min compared with placebo therapy. Controlling
heart rate at 60—70 beats/min can significantly reduce mor-
tality. We can infer that the benefit of beta-blockers in the
treatment of HF mainly occurs through the reduction of
heart rate. Beta-blockers are beneficial only when used to
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Figure 2. Endpoint heart rate of included trials

reduce heart rate below 70 beats/min. The sensitivity analysis
using the random-effect model yielded significantly similar
results.

The cumulative meta-analysis was performed according to
the end-point heart rate from high to low (Fig. 6). Accumulated to
MOCHA | trial, there was no significant difference in mortality
between the experimental group and the control group (RR=0.91,
95% Cl 0.82-1.02). Accumulated to SENIORS trial (heart rate
controlled 68.8 beats/min), there was a difference in mortality
between the experimental and the control groups (RR=0.90, 95%
Cl 0.82-0.99). The end-point heart rate of MOCHA | trial was 70
beats/min and that of SENIORS trial was 68.8 beats/min. The
results showed no significant differences in mortality between
placebo and beta-blockers in controlling the heart rate to 70
beats/min. The mortality rate was reduced when the heart rate
was lowered to 68.8 beats/min by beta-blockers compared with
that of the control group. This outcome was consistent with the
results of subgroup analysis.

In 27 trials or subgroups, only CIBIS II, MERIT-HF, and
MOCHA 11l showed that the use of beta-blockers reduced the
mortality in patients with HFrEF, whereas there was no signifi-
cant difference in the mortality between the experimental and
the control groups in other 24 trials or subgroups. The heteroge-
neity of the inclusion test was low, and the fixed effect model
was adopted. Our meta-analysis (Fig. 7) showed that beta-
blocker therapy reduced the mortality in patients with HFrEF
(RR=0.79, 95% Cl 0.74-0.84).

Discussion

Heart rate is an independent risk factor for HF (6). The rest-
ing heart rate has been identified as a particular modifying risk
factor for HFrEF (32). Previous evidence (33, 34) suggests that the
higher reduction in the heart rate resulted in a better overall
prognosis in patients with HE Therefore, recent guidelines (3, 5)
recommend stricter heart rate control with a target of 60 or 70
beats/min. However, there is no sufficient basis for setting these
heart rate targets. Observational studies (7) have shown that for
the general population, the total mortality and cardiovascular
mortality rates were the lowest in people with heart rate of
approximately 65 beats/min. For patients with HFrEF, the mortal-
ity rate was the lowest when the heart rate was between 70 and
75 beats/min (8). All these results suggest that for patients with
HF heart rate is clearly related to mortality. Not the lower the

better, but there is a heart rate range to make mortality the low-
est. Subgroup analysis according to baseline heart rate showed
that there was no significant benefit from beta-blockers in the
population with baseline heart rate of 77 beats/min. In addition,
the cumulative meta-analysis showed statistical differences
until the end-stage heart rate was below 70 beats/min. The RR
values gradually decreased along with the decrease of heart
rate, but the decrease range became smaller and smaller.
Accumulated to CHRISTMAS trial, RR value was higher than
before, which may be related to the sample size of the test itself.
It may also be that when the heart rate is controlled to 65 beats/
min, the heart rate further decreases without more benefit or
even the benefit begins to decrease. This needs further trial
confirmation.

Beta-blockers reduce morbidity and mortality in patients
with HFrEF (1). Nonetheless, it remain unclear whether the key
mechanisms underpinning their benefits are protection of
adrenergic receptors from heightened sympathetic activity or
reduction in heart rate. It is also uncertain whether the efficacy
of beta-blocker is related to dose, reduction in heart rate, or the
achieved heart rate (35, 36). Whether clinicians should strive to
achieve a target heart rate or a target dose of beta-blocker
remains unanswered.

A large retrospective clinical (37) study involving 1,669
patients suggested that the use of beta-blockers to achieve the
target dose or target heart rate (50-70 beats per minute) had
similar benefits and that controlling the heart rate after reaching
the target dose was still beneficial. The new premise was that
the aim of using beta blockers is not to achieve the maximum
tolerable dose, but to control heart rate (38, 39).

The SHIFT (32) trial is the first trial to specifically test the
effect of isolated heart-rate reduction on outcomes in a popula-
tion with HE. Treatment with ivabradine was associated with an
average reduction in heart rate of 15 bpm from a baseline value
of 80 bpm, which was largely maintained throughout the course
of the study. In the SHIFT population, patients with heart rates
higher than the median were at increased risk of an event and
received greater event-reducing benefit from ivabradine than
did those with heart rates lower than the median. This is consis-
tent with our conclusion.

The relationship between dose and efficacy of beta-blockers
was not evaluated in this paper. However, our subgroup analysis
confirmed that the use of beta blockers did not reduce mortality
in patients with baseline heart rate of 77 beats/min. In the SHIFT
(32) trial, 3,181 (56%) patients on beta blockers were treated with
at least 50% of the target doses, and 1,488 (26%) were at target
doses. The results showed that the use of ivabradine on this
basis benefited by lowering the heart rate, which suggests that
the dose of the Beytagh blocker is not critical. Compared with
placebo treatment, there was no significant difference in mor-
tality among those using beta blockers that controlled heart rate
over 70 beats/min. Controlling heart rate at 60—70 beats/min can
significantly reduce mortality. The cumulative meta-analysis
also showed that there was no significant difference in the mor-
tality between placebo and beta-blocker groups when control-



Geng et al.

/68

Heart rate target in patients with heart failure treated with beta-blockers

Anatol ) Cardiol 2021; 25: 762-73
DOI:10.5152/Anatol)Cardiol.2021.90

Experimental  Control Risk Ratio Risk Ratio
Study or Subgroup _ Everts  Total Everts Total Weight IHH, Fixed, 95% Cl HH. Fixed, 95% CI
15.2.1 baseline HR -8 0beatsmin
Anderson 385 5 % B 25 04%  083[029,238) —
BEST 2001 #11350 M9 1384 272%  092[082,102) L
Bristovy 1934 1 @ 23 01%  045[004,477)
Bristow 1934 O M 01%  159[028,8.99 E—
Bristowd 11934 0 ® 2 a0 02%  019[001,391 ¢
CIBI31994 55 a0 67 321 41%  0.79[057,1.10] =
CIBIS 11399 186 1377 228 1320 138% (068 [056, 052 -
Conl997 70 73 02%  050[007,340]
Fisher! 394 1 % 225 04%  050[005,517)
MDC 1993 2% 1% 2 189 13%  1.07[061,1.86) T
MERIT HF 2002 97 1806 154 1845 92%  OB4[040,082) -
MOCH 11395 12 8 13 84 08%  093[045199) T
MOCH 1395 B 13 B4 08%  0.44[047,109] —
MOCHAI 1995 1 @ 13 84 08% 007[00,054] *
Olsen1995 1 & 0 24 00%  203[009,47.78]
PACKERZ0M 130 1% 190 1133 116% 067 [054, 053] -
PRECISE1996 Eoo1®m 11 145 0E%  059[023,158] — T
Stum 2000 g 024 17 72 10%  047[021,108] —
Subtotal (9% CI) 7026 6982 To.4%  0.TT[0.71,0.83] J
Total events 916 1192
Heterogeneity: Chiz= 27 49, df=17 (P = 0.05); I = 38%
Test for overall efiect: Z = 6.80(P < 0.00001)
15.2.2 baseline HR<80beats min
CAPRICORNZ001 116 97 151 984 91%  0.78[062,0.97] -
CARMEN 12004 1419 14 190 09%  0.99[049,2.09] T
CARMEN 12004 1419 14 190 09%  0.99[049,2.03] T
CHRISTMAS2003 7 1% 5194 03%  1.41[045,436] T
CEISND05 B5 505 73 505 44%  0B9[0E5121] T
ENECAZ005 713 7126 04%  0.94[034,261) —T
SENIORS2005 169 1067 192 1061 117%  088[072,1.06] ™
Subtotal (9% CI) 3256 3250 2T6%  0.86[0.76,0.97] L]
Total events 392 456
Heterogeneity: Chiz=1.97, df = & (P = 0.92) I*= 0%
Test for overall eflect 7= 2.38(P = 0.02)
Total (957 CI) 10282 10232 100.0%  0.79 [0.74,0.85] }
Total events 1308 1645
Heterogeneity: Chi?= 3055, df= 24 (P = 017) P = 21% Ium n=1 1 1’0 mul

Test for overall efect: 7 = B33 (P < 0.0000)
Test for subaroun differences: Chi* = 2.30.df=1F = 013017 = 87 4%

Favours [expeimental]  Favours [control]

Figure 3. Assessment of the effect of beta-blockers on mortality by subgroup analysis grouped according to baseline heart rate in the experimental group
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Figure 5. Assessment of the effect of beta-blockers on mortality by subgroup analysis grouped according to end-stage heart rate in the experimental group
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Figure 6. Cumulative meta-analysis based on end-point heart rate

ling the heart rate above 70 beats/min. The use of beta-blockers
lowered the heart rate to 68.8 beats/min and reduced the mortal-
ity compared with that in the control groups. Our findings sug-
gest that beta-blockers can reduce mortality in the treatment of
HF depending on the specific heart rate.

Study limitations

This was a meta-analysis. Background therapy of the includ-
ed trials would have changed since these trials were conducted.
In addition, the heart rate was not measured in a standardized
fashion. Moreover, different patient study groups and different
beta-blockers were used in different trials, which is a major
reason for heterogeneity. The degree of heterogeneity is also
assessed. A certain degree of heterogeneity does not affect the
stability of the results.

Our analysis plan specified that only mortality should be
analyzed as an outcome. The benefits of beta-blockers may
manifest as improved symptoms, shortened hospitalization
times and duration, reduced heart-related events, and so forth.
These benefits are not analyzable in this paper.

Conclusion

The main benefit of beta-blockers in the treatment of HF is
achieved by lowering heart rate. Patients with HFrEF whose
heart rate is approximately 70 beats/min have the lowest mortal-
ity rate. In addition, the use of beta-blockers did not significantly
benefit patients with HFrEF whose heart rate was 77 beats/min
before the use of beta-blockers. In patients with HFrEF with a
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Figure 7. Forest flop for reducing mortality using beta-blockers

higher heart rate, the administration of beta-blockers to control
heart rate to 70 beats/min can significantly reduce mortality.
Further reduction of heart rate to 65 beats/min may notincrease
the benefit.
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