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Effects of Carvedilol on Cardiovascular Events and Mortality in 
Hemodialysis Patients, A Systematic Review and Meta-Analysis

Zhouke Tan,1 Guibao Ke,2,3 Junlin Huang,4 Die Yang,5 
Mingjing Pi,6 Li Li,6 Xiaolin Liu,7 Shaohua Tao,8 Lvlin Chen,8 
Guobiao Liang,9 Shuangxin Liu2,3

Carvedilol, the third generation of vasodilators; serves as the 
blocker of non-selective beta-adrenergic receptor and alpha1 
adrenergic receptor. It could protect the cardiovascular system of 
patients receiving dialysis treatment. However, current clinical 
trials discussing the therapeutic benefit of carvedilol on patients 
receiving dialysis treatment remain inconsistent. Consequently, we 
decided to perform a meta-analysis to evaluate the clinical efficacy 
of carvedilol on patients receiving dialysis treatment.
A search was conducted using EMBASE, Pubmed, Cochrane Central 
Register of Controlled Trials, Wanfang database, Chinese National 
Knowledge Infrastructure (CNKI), and VIP information database 
up to February 2020. We research publications (include English 
and Chinese language) that discuss the effects of carvedilol on 
cardiovascular events, all-cause mortality, hospitalizations or left 
ventricular ejection fraction (LVEF) in dialysis population. 
Our analysis included 4 randomized control trials and 2 observational 
studies. We discussed the therapeutical effects of carvedilol on 
all-cause mortality, cardiovascular events, hospitalizations, and 
LVEF of patients receiving dialysis treatment. Totally, this analysis 
reported 2998 hemodialysis (HD) patients. We found a significant 
association between carvedilol and reduced incidence of all-cause 
mortality, cardiovascular events and hospitalizations in HD patients. 
In addition, carvedilol significantly improves LVEF (n = 241; 
WMD = 6.95; 95% CI, 0.54 to 13.36; I2 = 90%) in HD population.
Our systematic review and meta-analysis demonstrates that 
carvedilol is associated with a reduced incidence of cardiovascular 
events, all-cause mortality and hospitalizations in patients on HD. 
Besides; carvedilol significantly improves LVEF in HD population. 
Nevertheless, high-quality and well-powered evidence is still needed, 
so as to further confirm the impacts of carvedilol on HD patients.
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INTRODUCTION
Cardiovascular events is the major killer of 

Hemodialysis (HD) patients because of the following 

reasons.1-3 First, approximately 80% of HD patients 
have one or more types of cardiac diseases,4 which 
increases the possibility of cardiovascular events. 
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The mortality rate of chronic kidney disease (CKD) 
patients receiving dialysis is 6.1 to 7.8 times higher 
than the general population. Second, intermittent 
HD sessions expose patients to a high variability 
in hemodynamics, heart rate and electrolytes, 
which also increase the risk of cardiovascular 
events and mortality. Third, over activated 
sympathetic nervous system in HD patients can 
trigger cardiovascular events.5-7 Finally, due to the 
lack of evidence-based drug therapy strategies and 
the complex pathophysiology in dialysis patients, 
cardiovascular events remains a big challenge to 
improve the survival rate of patients receiving 
dialysis.8 Carvedilol, the blocker of non-selective 
beta-adrenergic receptor and alpha1 adrenergic 
receptor; offers multiple favorable effects such 
as antioxidant, antiapoptotic, and antiarrhythmic 
actions.9-11 Thus, it may theoretically play a unique 
cardiovascular protective role in the patients 
receiving dialysis. However, only a clinical trial 
demonstrated that carvedilol improved survival 
rate of chronic dialysis patients with severe heart 
failure,12 while other studies failed to demonstrate 
that carvedilol could help improve the survival 
rate13,14 in the dialysis population. Considering 
the fact that the effect of carvedilol on dialysis 
patients still remains controversial, we thus aimed 
to perform a meta-analysis to evaluate the effects 
of carvedilol on patients requiring dialysis.

MATERIALS AND METHODS
We perform the systematic review and meta-

analysis in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement. Ethical approval is not 
required because this meta-analysis does not 
directly involve any patient.

Data Sources and Search Strategy
A search was conducted using EMBASE, Pubmed, 

Cochrane Central Register of Controlled Trials, 
Wanfang database, Chinese National Knowledge 
Infrastructure (CNKI), and VIP information database 
up to February 2020. We research publications 
(include English and Chinese language) that discuss 
the effects of carvedilol on cardiovascular events, all-
cause mortality, hospitalizations or left ventricular 
ejection fraction (LVEF) in dialysis population. The 
search strategy comprised a combination of free 
text terms and MeSH terms, primarily including: 

“Carvedilol”, “Hemodialysis”, “Hemodialyses”, 
“Dialysis”, and “Renal Replacement Therapy”. 
We also reviewed the reference lists in order to 
search additional relevant studies.

Inclusion and Exclusion Criteria 
Inclusion criteria was considered: a) participants: 

adult HD patients, b) study design: randomized 
controlled trial and observational studies, c) 
outcomes:  cardiovascular events,  al l-cause 
mortality, and hospitalizations, d) intervention: 
the intervention group received standard care + 
carvedilol treatment, while the comparison group 
received standard care + placebo therapy or only 
standard care. 

Exclusion criteria was considered: abstracts, 
reviews, duplicate publications,  editorials, 
comments, case reports, publications without 
available data, and cell or animal experiments.

Data Extraction and Study Quality Assessment
Data from the included studies were extracted 

and recorded independently by two authors (D.Y. 
and J.H.) and disagreements were resolved by 
consensus. The following information recorded 
in each included study were extracted for both 
RCTs and observational studies: first author, year 
of publication, study design, dosage of carvedilol, 
sample size, follow-up, cardiovascular events, all-
cause mortality, hospitalizations, mean and SD of 
LVEF (if the LVEF data was presented as mean and 
SE, it was converted to mean and SD). For RCTs, 
two reviewers (L.L. and M.P.) evaluated risk of bias 
of studies with the Cochrane collaboration risk of 
bias (ROB) tool.15 For observational studies, the 
Newcastle-Ottawa Scale16 was used to assess the 
quality of our included studies by the reviewers 
(L.L. and M.P.). Conflicts were resolved by the 
third reviewer (G.K.).

Statistical Analysis
We used the risk ratio (RR) and weighted mean 

difference (WMD) to compare dichotomous and 
continuous variables respectively. All results were 
reported with a 95% confidence intervals (CIs). 
Heterogeneity among studies was assessed using 
the I2 statistics (I2 > 50% suggested substantial 
heterogeneity). We used fixed effects or random 
effects model because it takes into account the 
heterogeneity across studies. Pre-stratified subgroup 
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analysis was performed to investigate possible 
sources of heterogeneity, including study design. 
The presence of publication bias was also evaluated 
with Egger’s tests and funnel plots. If the all-causes 
mortality were present merely in figures, two authors 
(L.L. and G.K.) would use Engauge Digitizer 10.8 to 
collect data from the statistical graphs independently. 
Then, the mean values of all-cause mortality would 
be used to perform meta-analysis.17 All analyses 
were performed using RevMan 5.3 and Stata 12.0. 
We considered P < .05 as statistically significant.

RESULTS
Search Results

In total, our comprehensive search yielded 248 
articles. First, 36 duplicate articles were excluded 
and 212 articles were remained for screening. Then, 
we excluded 167 of the 212 articles after examining 
the title and abstract in more detail. We scrutinized 

the full texts of the remaining 45 studies, of which 
39 were excluded, due to a lack of necessary data 
related to our study. Eventually, after a careful 
selection based on our above-mentioned inclusion 
criteria, 6 studies (Figure 1) with a total of 2998 
participants were included in this meta-analysis 
(4 RCTs7,12,14,18 and 2 observational studies13,19). 

Study Characteristics
The main characteristics of the 6 studies included 

are shown in Table 1 and 2. Patients in these 6 studies 
had a long-term HD history. The intervention groups 
received standard care + carvedilol treatment, 
while the control groups received standard care + 
placebo therapy or only standard care. All LVEF 
measurements were estimated by echocardiogram. 
The author’s judgments over the risk of bias for 
each included study were shown in Supplementary 
Table 1 and 2. Four RCTs and 2 observational 

Additional records identified

through other sources

(n=0)

167 articles excluded

according to title or abstract

39 studies without complete

data excluded according to

reading the full article

45 articles assessed for

eligibility

212 records assessed after

similar and reduplicate

studies removed

6 studies included finally

Records identified through

electronic database searching

(n=248 )

Pubmed database (n=26);

Embase database (n=149);

Cochrane database (n=11);

CNKI database (n=33);

Wangfang database (n=16);

VIP information database (n=13).

Figure 1. It shows flow diagram illustrating the selection of studies for this meta-analysis.
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studies were at low risk.

Association of Carvedilol Therapy with All-
cause Mortality 

In the pooled analysis of 6 studies (n = 2998), 
compared with the patients with no carvedilol 
treatment, carvedilol reduced all-cause mortality in 
HD patients (RR = 0.79, 95% CI: 0.74 to 0.84; P < .01 
in the fixed effects model, Figure 2a). There was 
no heterogeneity among studies (P > .05, I2 = 0%). 
Besides, subgroup analysis also showed that the 
results of 4 RCTs and 2 observational studies were 
consistent.

Association of Carvedilol Therapy with 
Cardiovascular Events 

Meta-analysis of 5 studies (n = 290, 4 RCTs and 
1 observational study) showed a significant decline 
in cardiovascular events of patients who received 
carvedilol treatment (RR = 0.51, 95% CI: 0.35 to 
0.75; P < .01 in the fixed effects model, Figure 2b). 

Heterogeneity was detected among studies (P > .05, 
I2 = 34%). Since we only use one observational 
study, we did not perform subgroup-analysis. 

Association of Carvedilol Therapy with 
Hospitalizations 

Meta-analysis of 3 RCTs (n = 183) showed a 
noticeable reduction in hospitalizations with 
carvedilol treatment (RR = 0.68, 95% CI: 0.49 to 
0.93; P < .05 in the fixed effects model, Figure 2c). 
Heterogeneity was found among studies (p = 0.2, 
I2 = 39%). 

Association of Carvedilol Therapy with LVEF 
Change

Meta-analysis of 4 studies (n = 241, 3 RCTs, 1 
observational study) showed carvedilol significantly 
improves LVEF (WMD = 6.95, 95% CI: 0.54 to 13.36; 
P < .05 in the random effects model, Figure 2d) in 
HD patients. However, heterogeneity was detected 
among studies (P < .01, I2 = 90%). Similarly, since 

Study
All-cause Mortality Cardiovascular Events Hospitalizations LVEF

Carvedilol Placebo Carvedilol Placebo Carvedilol Placebo Carvedilol Placebo
Cice et al, 2003 30 (52%) 41 (73%) 17 (29%) 39 (70%) 20 (34%) 33 (59%) 37 [10] 24 [10]
Kojima et al, 2007 0 0 0 0 0 0 63.5 [5.4] 66.4 [5.1]
Tang et al, 2008 0 0 2 (11%) 1 (6%) Unclear Unclear 46.8 [5.4] 38.8 [5.3]
Roberts et al, 2016 1 (4%) 0 1 (4%) 3 (13%) 14 (54%) 14 (61%) Unclear Unclear
Ma et al, 2018 5 (36%) 19 (36%) 3 (21%) 10 (17%) Unclear Unclear 68.6 [8.0] 59.2 [9.7]
Tang et al, 2016 555 (55%) 1190 (70%) Unclear Unclear Unclear Unclear Unclear Unclear

Table 2. All-cause Mortality, Cardiovascular Events, Hospitalizations, and LVEF in Studies Using Carvedilol

Data shown as mean [± SD] or absolute (percentage). LVEF, left ventricular ejection fraction.

Study
Adequate random 

sequence 
generation

Allocation 
concealment

Blinding of 
participants and 

personnel

Adequate 
assessment of 
each outcome

Selective outcome 
reporting avoided

Free of Other 
Bias

Cice 2003 Yes Unclear Unclear Yes Yes Yes
Kojima 2007 Yes Unclear Unclear Yes Yes Yes
Roberts 2016 Yes Unclear Unclear Yes Yes Yes
Tang 2008 Yes Unclear Unclear Yes Yes Yes

Supplementary Table 1. Risk of bias assessment quality of included RCTs

Note: Risk of bias was assessed with use of the Cochrane risk-of-bias tool. The overall risk of bias of a study was considered “high” if more than 
1 item was rated as “high risk” or if fewer than 2 items were rated as “low risk”; The overall risk of bias of a study was considered “moderate” if 2 
or 3 items were rated as “low risk”; The overall risk of bias of a study was considered “low” if more than 4 items were rated as “low risk”. 

Study
Selection

Comparability
Outcome

Total 
scoreExposed

cohort
Nonexposed

cohort
Ascertainment

of exposure
Outcome
of interest

Assessment
of outcome

Length of
follow-up

Adequate 
follow-up

MA 2018 * * * - ** * * * 8
Tang 2016 * * * * ** * * * 9

Supplementary Table 2. Risk of Bias in Observational Studies Using Newcastle-Ottawa Scale

Note: A higher overall score corresponds to a lower risk of bias, a study awarded with ≥ 5 stars was defined as a high-quality study.
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we only use one observational study, we did not 
perform subgroup-analysis. 

Publication Bias
The potential publication bias was detected 

by Egger’s test and funnel plots (Figure 3a and 
3b). We found no publication bias for carvedilol 
on all-cause mortality (Egger’s test, P > .05) and 
cardiovascular events (Egger’s test, P > .05). Besides, 
apart from all-cause mortality and cardiovascular 
events, we do not draw the funnel plots for other 
parameters in this meta-analysis, due to the small 
size of these parameters in our included studies.

DISCUSSION
To the best of our knowledge, the present research 

is the first meta-analysis that evaluated the clinical 
efficacy of carvedilol on HD patients. Our analysis 
included 4 RCTs and 2 observational studies, 
reporting 2998 HD patients. First, Carvedilol was 
associated with a 49% reduction in cardiovascular 
events, a 21% reduction in all-cause mortality and 
a 32% reduction in hospitalizations in HD patients. 
Besides, carvedilol significantly improves LVEF 
in HD population. Our research outcome could 
help update the information over the unique role 
of carvedilol in protecting patients receiving HD.

Approximately 80% of HD patients have one or 
more types of cardiac disease.4 Also, intermittent 
HD sessions (usually three times a week) expose 
patients to a high variability in hemodynamics, heart 

rate and electrolytes. What’s more, overactivated 
sympathetic nervous system in HD patients 
further triggers off cardiovascular events.5-7 Given 
the high incidence of cardiovascular events, HD 
patients may benefit from β-blockers therapy,20,21 
especially the carvedilol, which is widely used in 
patients with heart failure (HF),22,23 chemotherapy-
induced cardiotoxicity,24 arterial stiffness,25 left 
ventricular function dysfunction,26 acute coronary 
syndrome,27 and hypertension28. However, few 
high-quality and well-powered studies have 
evaluated cardiovascular therapy’s effects on HD 
patients. Most studies have excluded patients with 
advanced CKD due to the risk of side effects, such 
as hyperkalemia, hypotension, fluid overload, 
anemia and so forth.29-32 Wali et al. reported a 
meta-analysis on RCTs addressing the efficacy 
and safety of carvedilol in HF treatment on CKD 
patients.33 They suggested that treatment with 
carvedilol in CKD patients reduced the relative risks 
for all-cause, cardiovascular, and HF mortality in 
HF patients with CKD.33 However, their finding 
did not determine whether carvedilol therapy 
could benefit advanced CKD or HD patients. Our 
meta-analysis filled such a gap by including data 
of 2998 HD patients and extracted from six studies. 
The pooled result suggested that carvedilol might 
play a unique cardiovascular protective role in the 
patients receiving dialysis. 

First, our analysis focused on the association 
of carvedilol therapy with mortality rate, in that 

(d)

Figure 2. It demonstrates forest plots for all-cause mortality, cardiovascular events, hospitalizations, and LVEF outcomes; respectively: 
carvedilol associated with reduced all-cause mortality (a), cardiovascular events (b), and hospitalizations (c) in HD patients. 
Furthermore, carvedilol significantly improves LVEF (d) in dialysis population (LVEF, left ventricular ejection fraction; HD, hemodialysis).
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mortality rate is one important clinical index, and 
mortality rates are high for HD patients. For HD 
patients initiating their renal replacement therapy 
within 3 years, the mortality rate almost reached 
50%.34 In addition, we also discussed the association 
of carvedilol therapy with Cardiovascular events, 
because Cardiovascular events is the leading killer 
of HD patients.2,3,35 Moreover, we continued to 
analyze the association between carvedilol therapy 
and LVEF, as LVEF is the most frequently used 

parameter to define left ventricular systolic (dys-) 
function36 and is strongly associated with the 
increased mortality rate in CKD patients.37,38 Volume 
overload, chronic pressure and non-hemodynamic, 
such as oxidative stress and abnormal renin-
angiotensin-aldosterone system (RAAS) activation, 
lead to the development of left ventricular systolic 
and diastolic dysfunction39 of CKD patients. Our 
meta-analysis showed that carvedilol significantly 
improves LVEF in HD population, and thus was 

Figure 3. It shows publication bias assessment by funnel plot for all-cause mortality (a) and cardiovascular events(b).

(a)

(b)
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consistent with the findings which showed that 
carvedilol was associated with a 49% reduction in 
cardiovascular events, a 21% reduction in all-cause 
mortality, and a 32% reduction in hospitalization 
of HD patients. 

In sum, carvedilol is associated with a reduced 
possibility of cardiovascular events, all-cause 
mortality and hospitalizations in patients receiving 
HD. Besides; carvedilol significantly improves 
LVEF in dialysis population. Carvedilol can 
block sympathetic neural and RAAS activation, 
antioxidant, antiapoptotic, antiarrhythmic actions 
and so forth. Hence, it can provide a potential 
protective mechanism for HD patients.

Limitations of this systematic review and meta-
analysis are as follows. Firstly, we were unable 
to minimize the heterogeneity’s impacts through 
stratified analyses or subgroup, especially in LVEF 
comparisons, because of the limited number of 
included studies. The random effects model might 
reduce the effect of heterogeneity, but does not 
minimize it. Secondly, the included RCTs have 
a relatively small sample size and a short-term 
follow-up, which may lack strong persuasiveness. 
Thirdly, because of the limited number of studies 
(such as metoprolol, nebivolol, and bisoprolol), 
we could just quantitatively assess the effects of 
carvedilol. Hence, further clinical trials are needed 
to test the effects of other beta-blockers. Fourthly, 
different doses, different lengths of intervention time 
in each study might cause a potential bias. Also, 
different experiments had different designs, and 
the condition of patients also differed. Moreover, 
the small number of included studies could afford 
modest ability to detect the presence of publication 
bias.40 Thus, high-quality and well-powered 
evidence is needed for future study. 

CONCLUSION
The results of this meta-analysis support the 

argument that treatment with carvedilol can reduce 
rates of cardiovascular events, all-cause mortality 
and hospitalization in HD patients. Besides, 
carvedilol significantly improves LVEF in HD 
population. Nevertheless, high-quality and well-
powered evidence is still needed to confirm the 
therapeutic impacts of carvedilol on HD patients.
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