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Abstract
Although beta blockers have been used as initial therapy for ischemic heart diseases and heart failure, the beneficial effects
of beta blockers are controversial compared with other antihypertensive agents as initial therapy for hypertension without
compelling indications. Moreover, atenolol has been most commonly used with beta blockers. The objective of the present
systematic review associated with the Japanese Society of Hypertension (JSH) 2019 Hypertension Guideline (Clinical
Question 6) was to assess the outcomes (cardiocerebrovascular mortality, total cause mortality, hypotension, bradycardia,
other adverse effects, and changes in systolic blood pressure (SBP)) of currently used carvedilol and bisoprolol as initial
therapy for adult hypertension without compelling indications. Two independent systematic reviewers searched randomized
controlled trials (RCTs) up to October 2017 in the Cochrane Hypertension Specialized Register, the Cochrane Central
Register of Controlled Trials (CENTRAL), MEDLINE Ovid, EMBASE Ovid, and ClinicalTrials.gov. Finally, eight RCTs
with 2494 participants were identified to meet our inclusion criteria. There were no RCTs in which cardiocerebrovascular
mortality, total cause mortality, hypotension, and bradycardia were assessed between carvedilol or bisoprolol and placebo.
SBP-lowering effects were significantly increased for bisoprolol compared with placebo. Here, 50 mg carvedilol
significantly reduced SBP compared with placebo, whereas 12.5 mg or 25 mg did not. Regarding adverse effects, no
differences were noted between carvedilol and placebo (two RCTs, 286 participants, moderate certainly evidence). In
conclusion, current evidence does not support carvedilol or bisoprolol as first-line therapy for adult hypertension without
compelling indications.
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Introduction

Description of the condition

Hypertension is one of the most common causes of cardio-
vascular diseases, and hypertension treatments significantly

impact cardiovascular mortality [1]. Current available major
classes of antihypertensive drugs include calcium channel
blockers, renin–angiotensin system inhibitors (angiotensin
converting enzyme (ACE) inhibitors and angiotensin
receptor blockers), beta blockers, and diuretics.

Description of the intervention

Beta blockers have been used as initial therapy for
hypertension since the late 1960s because abnormal sym-
pathoexcitation is important in the pathophysiology of
hypertension. A systematic review examined the mortality
and morbidity outcomes of different classes of initial
antihypertensive drugs in patients with hypertension and
revealed that beta blockers significantly reduced stroke and
cardiovascular events but not all-cause mortality and
congestive heart disease [1]. The results of clinical out-
comes with beta blockers were inferior compared with
low-dose thiazides, ACE inhibitors, and calcium channel
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blockers [1]. Regarding the blood pressure (BP)-lowering
effect, two systematic reviews have assessed the effects of
beta1-selective blockers or dual alpha and beta blockers on
BP control. A Cochrane review of the BP-lowering effi-
cacy of dual alpha and beta blockers for primary hyper-
tension revealed low quality evidence suggesting that
dual alpha and beta blockers reduce BP by an average of
−6 / −4 mmHg in patients with mild to moderate hyper-
tension. In addition, the BP-lowering effects were less than
those for beta1-selective blockers [2]. Another Cochrane
review of blood pressure-lowering efficacy of beta1-
selective beta blockers for primary hypertension revealed
low quality evidence that suggested that beta1-selective
blockers reduced BP by an average of −10 / −8 mmHg
compared with placebo. In addition, beta1-selective
blockers reduced BP by a greater magnitude compared
with dual alpha and beta blockers in patients with mild to
moderate hypertension [3].

How the intervention might work

Among beta blockers, propranolol exhibits affinity for beta1
and beta2 receptors and is thus classified as non-selective
beta blocker. Atenolol and bisoprolol preferentially interacts
with beta1 compared with beta2 receptors and are referred
to as selective beta blockers. Carvedilol exhibits affinity for
beta1 and alpha receptors and is classified as dual alpha and
beta blocker.

Why this review is important

Previous systematic reviews have indicated that beta
blockers are not the recommended class of drugs to use as
initial antihypertensive therapy. However, regarding phar-
macological mechanisms, beta blockers with different affi-
nities have different effects on BP reduction. Moreover,
atenolol was the most commonly used beta blocker reported
in previous studies. In Japan, carvedilol and bisoprolol are
currently the most commonly used drugs. The present
systematic review could provide beneficial evidence of
carvedilol and bisoprolol in hypertensive adults without
compelling indications.

Objectives

The objective of the present systematic review associated
with Japanese Society of Hypertension (JSH) 2019 Hyper-
tension Guideline (Clinical Question 6) was to assess the
outcomes (cardiocerebrovascular mortality, total cause
mortality, hypotension, bradycardia, other adverse effects,
and changes in systolic BP (SBP)) of carvedilol and biso-
prolol as initial therapy for adult hypertension without
compelling indications.

Methods

Study design for this review

The present review is a systematic review and meta-
analysis.

Criteria for considering studies for this review

Types of studies

Randomized controlled trials (RCT) were assessed.

Types of participants

Males and non-pregnant females aged 18 years and older
with hypertension as defined by cut-off points operating at
the time of the study were under consideration for inclusion
in this study.

Types of interventions

The treatment group must have received carvedilol or
bisoprolol as monotherapy or as an initial drug. The control
group includes placebo, no treatment, or another anti-
hypertensive drug (including a different beta blocker).

Types of outcome measures

Cardiocerebrovascular mortality, total cause mortality,
hypotension, bradycardia, other adverse effects, and chan-
ges in SBP served as outcomes.

Search methods

Two independent systematic reviewers of the Japanese
Society of Hypertension searched the following databases
for randomized controlled trials up to October 2017: The
Cochrane Hypertension Specialized Register via the
Cochrane Register of Studies (CSR-Web) (searched 18
October 2017); the Cochrane Central Register of Controlled
Trials (CENTRAL) via the Cochrane Register of Studies
(CSR-Web) (searched 18 October 2017); MEDLINE Ovid
(from 1946 to 2017), MEDLINE Ovid Epub Ahead of Print,
and MEDLINE Ovid In-Process & Other Non-Indexed
Citations (searched 18 October 2017); Embase Ovid (from
1974 to 2017) (searched 18 October 2017); and Clin-
icalTrials.gov (www.clinicaltrials.gov) (searched 18 Octo-
ber 2017). We checked reference lists of relevant reviews,
guidelines, and references lists of studies potentially eligible
for inclusion in this review.

Subject strategies for databases on the search
strategy designed for MEDLINE were modeled
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(Supplementary Information). Where appropriate, sub-
ject strategies were combined with subject strategy
adaptations of the highly sensitive search strategy
designed by Cochrane for identifying randomized con-
trolled (as described in the Cochrane Handbook for
Systematic Reviews of Interventions).

Data collections and analysis

Selection of studies

Initial searches of all the databases were performed
to identify citations with potential relevance. The
initial screening of these abstracts excluded those
studies with titles, abstracts or both that were clearly
irrelevant. The full texts of the remaining articles were
retrieved.

Data extraction and management

Two systematic reviewers independently extracted data
using a standard form and crosschecked the data. A second
person confirmed all numeral calculations and graphic
interpolations.

Assessment of risk of bias in included studies

We also assessed the risk of six biases by addressing
selection bias (randomization and concealment), perfor-
mance bias (blinding), detection bias (blinding), and
attrition bias (ITT and incomplete outcome data) as
described in the Cochrane Handbook for Systematic
Reviews of Interventions. For each included study, we
described what the study authors reported for each domain
and then made a decision related to the risk of bias for the
domain by assigning a judgment of the certainty of the
evidence as high (if we are confident that the true effect is
close to that of the estimate of effect), moderate (if the
true effect is likely to be close to the estimate of effect),
low (if the true effect may be substantially different from
the estimate of effect), and very low (if we are very
uncertain about the estimate of effect). The data extracted
for each study included methods, including means of
assigning participants to trials interventions, blinding of
those receiving and providing care and outcome assessors,
losses to follow-up and how they were handled, and
length of trial follow-up; participant characteristics,
including gender, ethnicity, and comorbid conditions;
interventions, including type and dose of carvedilol,
bisoprolol, and other medications used; outcome mea-
sures, including morbidity and mortality endpoints and
adverse events.

Measures of treatment effect

We combined data for changes in BP using mean difference.
We analyzed dropout due to side effects using risk ratios,
which were expressed as risk ratios with 95% confidence
intervals, and conducted random-effects with inverse variance
weighting for all the analysis as appropriate.

Assessment of heterogeneity

Heterogeneity of treatment effects between the trials was
assessed using a standard Chi [2] statistic for heterogeneity.
In addition, we used I2 statistics to describe the percentage
of between study variability.

Data syntheses

We performed data synthesis and analysis using the
Cochrane Review manager software RevMan 5.3.5. Data
for changes in SBP were combined using mean differences.
Dropouts due to side effects were analyzed using risk ratios.

Main results

Description of studies

The PRISMA flow diagram for this systematic review is
presented in Fig. 1 [4]. We obtained 906 records from the
search conducted on October 18, 2017. None of the

PubMed, Cochrane, EMBASE, ClinicalTrials.gov
Pubmed: 898, Cochrane : 8

Total records iden�fied through
database searching (n= 906)

Addi�onal records iden�fied through other sources
(n= 0) 

Records screened  ( 1st Screening ) 
(n= 906)

Records excluded with reason 
(not relevant to the analysis)

(n= 890)

Full-text ar�cles assessed for eligibility
( 2nd Screening ) (n= 16)

Full-text ar�cles excluded
with reason (not relevant to 

the analysis)
(n= 8)

Studies included in qualita�ve synthesis
(n= 8)

Studies included in qualita�ve synthesis
(meta-analysis) (n= 8)

Fig. 1 PRISMA flow diagram for this systematic review
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“ongoing” studies from Clinicaltrials.gov and WHO Inter-
national Clinical Trials Registry Platform were included in
this analysis. We screened these records, and excluded
890 studies that were not relevant to the analysis. Sixteen
full-text articles were assessed for eligibility, and eight
studies were excluded because they were not relevant to the
analysis. From these searches, we identified eight RCTs
with 2494 participants that meet our inclusion criteria:
McPhillips 1988 [5], Asmar 1991 [6], Broekman 1992 [7],
Davidov 1994 [8], Frishman 1995 [9], Deary 2001 [10],
Deary 2002 [11], and Weber 2006 [12]. These RCTs were
conducted between 1980s and 2000s and compared carve-
dilol at 12.5 mg (one RCT, 10 participants) [5], 25 mg (two
RCTs, 85 participants) [5, 12], and 50 mg (two RCTs, 77
participants) [5, 12] or bisoprolol at 5 mg (five RCTs, 2187
participants) [7–11], 10 mg (two RCTs, 74 participants)
[6, 8], and 20 mg (one RCT, 61 participants) [8] with a
placebo. Seven RCTs recruited participants of both sexes,
and one RCT exclusively recruited males [7]. All RCTs
included similar mean aged participants (i.e., approximately
50 years old). All RCTs conducted in industrialized country
provided information on race or ethnicity. We have
described the characteristics and main features of these eight
RCTs included in the present systematic review in
Supplementary Table.

Risk of bias included studies

The risk of bias in included studies is summarized in
Table 1.

Selection bias (randomization and concealment)

Because details regarding selection bias (randomization and
concealment) were poorly reported in many of the included
studies, it was difficult to judge the potential for selection
bias. In the three RCTs, the risk bias of randomization was
low, and we did not identify sufficient information for risk
bias of randomization in the other five RCTs. In addition,
we did not identify sufficient information for risk bias of
concealment in all RCTs in the present systematic review.

Blinding (performance and detection bias)

In the six RCTs in the present systematic review, the
blinding of performance bias is low because placebo was
used. However, in the two RCTs, the blinding of perfor-
mance bias is high because the physician determined the
best treatment for hypertension [10, 11]. Regarding the
blinding of the detection bias, the ability of beta blockers to
reduce heart rate is well known. The assessor could detect
the difference in heart rate when measuring BP. Using an
automated machine to measure BP would mitigate this risk Ta
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of detection bias. However, this procedure was performed in
four RCTs in this systematic review [5, 8, 9, 12]. Therefore,
the risk of performance and detection bias is high.

Attrition bias (ITT and incomplete outcome data)

Most of the RCTs reported the method for handling drop-
outs, and the dropout rates were low. Moreover, most of the
RCTs used an ITT analysis. Therefore, we judged that the
risk of attrition bias in this systematic review was low.

Selective reporting

All studies reported SBP and DBP as outcomes of the
participants. Only one study (McPhillips 1988) did not
report data for heart rate [5]. Withdrawal due to adverse
effects is an importance outcome in clinical trials. Only

three studies reported useful data on withdrawal due to
adverse effects. The risk of reporting bias was high because
most of the studies failed to report withdrawal due to
adverse effects.

Other potential sources of bias

Funnel plots of the pooled data revealed a paucity of small
and less effective studies with positive outliers, and the
asymmetry of funnel plots indicated the high potential for
publication bias in the SBP-lowering efficacy of bisoprolol
and carvedilol (Fig. 2a) and withdrawal due to adverse
effects of carvedilol (Fig. 2b). Given that we only included
eight RCTs in this systematic review, which is an insuffi-
cient number for funnel plot assessment, it was not possible
to prove that these trials were flawed and that they added to
the suspicion of a high risk of bias.

Fig. 2 Funnel plot of systolic blood pressure-lowering efficacy in bisoprolol (5 mg, 10 mg, 20 mg) and carvedilol (12.5 mg, 25 mg, 50 mg)
(a); funnel plot of withdrawal due to adverse effects of carvedilol (b)
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Effects of interventions

There were no RCTs in which cardiocerebrovascular mor-
tality, total cause mortality, hypotension, and bradycardia
were assessed between carvedilol or bisoprolol and placebo.

SBP-lowering efficacy of carvedilol

We included two RCTs that examined the SBP-lowering
efficacy of 12.5 or 50 mg carvedilol once daily in 34 mild
to moderate hypertensive patients [5, 12]. The SBP-
lowering effect was increased for carvedilol at 50 mg
(mean difference −8.33, 95% CI −12.00 to −3.77, I2=
0%; very low certainty evidence) but not 12.5 mg or
25 mg (Fig. 3).

SBP-lowering efficacy of bisoprolol

Two of the included RCTs employed a parallel design [8,
9], and four RCTs employed a cross-over design [6, 7, 10,
11]. The SBP-lowering effect was increased for bisoprolol
compared with placebo (5 mg; mean difference −5.75, 95%
CI −6.38 to −5.13, I2= 93%; very low certainty evidence,
10 mg; mean difference −0.96, 95% CI −11.06 to −2.56,
I2= 35%; very low certainty evidence, 20 mg; mean dif-
ference −7.60, 95% CI −12.64 to −2.56; very low cer-
tainty evidence) (Fig. 4). Significant extreme statistical
heterogeneity was noted between trials comparing 5 mg
bisoprolol to placebo (χ2= 54.59, degrees of freedom= 4,
P < 0.000001, I2= 93%).

Withdrawal due to adverse effects

Regarding adverse effect, no differences were noted
between carvedilol and placebo (2 RCTSs, 286 participants,
I2= 0%; moderate certainty evidence).

Discussion

Summary of main results

Eight RCTs in this systematic review revealed very low
certainty that the SBP-lowering effect of bisoprolol was
increased compared with placebo (5 mg; mean difference
−5.75, 95% CI −6.38 to −5.13, I2= 93%; very low cer-
tainty evidence, 10 mg; mean difference −0.96, 95%
CI −11.06 to −2.56, I2= 35%; very low certainty evidence,
20 mg; mean difference −7.60, 95% CI −12.64 to −2.56;
very low certainty evidence). In addition, 50 mg carvedilol
significantly reduced blood pressure compared with placebo
(mean difference −8.33, 95% CI −12.00 to −3.77, I2=
0%; very low certainty evidence) but not 12.5 mg or 25 mg
carvedilol. Regarding adverse effects, no differences were
noted between carvedilol and placebo (2 RCTs, 286 parti-
cipants, I2= 0%; moderate certainly evidence).

Overall completeness and applicability of evidence

The present systematic review provides the most current
evidence for the SBP-lowering efficacy of carvedilol or

Fig. 3 Forest plot of systolic blood pressure-lowering efficacy of 12.5 mg, 25 mg, and 50 mg carvedilol
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bisoprolol. The RCTs included in the present systematic
review met criteria regarding population, goal of the studies
and outcome measured. Our search strategy was compre-
hensive and thorough. Therefore, we are confident that the
present systematic review represents the best evidence
available for SBP-lowering efficacy of carvedilol and
bisoprolol.

Quality of evidence

The present systematic review included eight RCTs exam-
ining carvedilol and bisoprolol in 2494 adult hypertensive
patients. The sample size of RCTs with carvedilol was
relatively insufficient to allow a robust conclusion (381
participants).

Half of the RCTs in the present systematic review did not
use automated BP machines, which potentially mitigate the
risk of detection bias caused by loss of blinding. Thus, the
risk of detection bias remains high, and the quality of evi-
dence was downgrade by one level.

Potential biases in the review process

The rigidity of the inclusion criteria minimized the potential
of bias during the selection process. Study selection was
exclusively based on methodology. The responsibility of
the review authors was to determine whether the metho-
dology met the inclusion criteria. No other part of the study

played a role in the decision. These strict inclusion criteria
ensured that included RCTs were all performed in a manner
that minimized the risk of bias during the process.

Agreements and disagreements with other studies
or reviews

In the previous systematic reviews of the effects of
beta blockers on morbidity and mortality endpoints in
adults with hypertension (13 RCTs, 40,245 participants),
no differences in all-cause mortality were noted between
beta blockers and placebo, diuretics or renin–angiotensin
system inhibitors; however, the effects of beta blockers
were increased compared with calcium channel blockers
[1]. The evidence on mortality was of moderate certainty
for all comparisons, and most outcome RCTs on beta
blockers as initial therapy for hypertension exhibit a
high risk of bias. In conclusion, these previous reviews
suggested that the effects of beta blockers are inferior
to those of other antihypertensive drugs. Three-quarters
of these RCTs assessed atenolol, and the effects of
carvedilol or bisoprolol were not assessed. No current
evidence is available to assess the effects of carvedilol and
bisoprolol on cardiocerebrovascular mortality and all-
cause mortality in adult patients without compelling
indications.

In the previous systematic review of the dose-related
effects of various types of dual alpha and beta blockers on

Fig. 4 Forest plot of systolic blood pressure-lowering efficacy in 5 mg, 10 mg, and 20 mg bisoprolol
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SBP and DBP versus placebo in patients with primary
hypertension (eight RCTs, 1493 participants), the estimate
of BP-lowering effect (SBP / DBP) were −4 (95% CI −6 to
−2) / −3 (95% CI −4 to −2) for carvedilol (>1000 parti-
cipants) with low quality of evidence [2]. However, this
systematic review involved two large unpublished studies
with carvedilol, which were excluded in the present sys-
tematic review. Similar evidence on the SBP-lowering
effects of bisoprolol compared with previous systematic
reviews with various beta1-selective blockers was revealed
[3]. However, the certainty of evidence was very low in the
present systematic review.

Regarding adverse effects, the present systematic review
revealed similar and moderate quality evidence with car-
vedilol compared with previous reviews. However, evi-
dence demonstrating the adverse effects of bisoprolol is not
available.

Conclusion

Most outcome RCTs on carvedilol or bisoprolol as
initial therapy for hypertensive adults without compelling
indications exhibit a high risk of bias and very low cer-
tainty. A low quality of evidence means that future
research is very likely to have an important impact on
our confidence of the estimate of the effect. Current evi-
dence does not support carvedilol or bisoprolol as first-
line therapy for adult hypertension without compelling
indications.
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