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Abstract

Background: The clinical significance of stem cell therapy in the treatment of dilated cardiomyopathy remains
unclear. This systemic appraisal and meta-analysis aimed to assess the efficacy and safety of stem cell therapy in
patients with dilated cardiomyopathy. After searching the PubMed, Embase, and Cochrane library databases until
November 2017, we conducted a meta-analysis to evaluate the efficacy and safety of stem cell therapy in patients
with dilated cardiomyopathy.

Methods: The weighted mean difference (WMD), standard mean difference (SMD), relative risk (RR), and 95% confi-
dence interval (Cl) were summarized in this meta-analysis. Both fixed effects and random effects models were used to
combine the data. Sensitivity analyses were conducted to evaluate the impact of an individual dataset on the pooled
results.

Results: A total of eight randomized controlled trials, which involved 531 participants, met the inclusion criteria

in this systematic appraisal and meta-analysis. Our meta-analysis showed that stem cell therapy improves left ven-
tricular ejection fraction (SMD = 1.09, 95% Cl 0.29 to 1.90, I =92%) and reduces left ventricular end-systolic volume
(SMD=—0.36,95% Cl — 0.61 to —0.10, > =20.5%) and left ventricular end-diastolic chamber size (SMD = — 0.48, 95%
Cl —0.89to — 0.07, P =64.8%) in patients with dilated cardiomyopathy. However, stem cell therapy has no effect on
mortality (RR=0.72,95% Cl 0.50 to 1.02, ?=30.2%) and 6-min-walk test (WMD=151.52, 95% C| — 24.52 to 127.55,
[°=94.8%).

Conclusions: This meta-analysis suggests that stem cell therapy improves left ventricular ejection fraction and
reduces left ventricular end-systolic volume and left ventricular end-diastolic chamber size in patients with dilated
cardiomyopathy. However, future well-designed large studies might be necessary to clarify the effect of stem cell
therapy in patients with dilated cardiomyopathy.

Keywords: Stem cell therapy, Dilated cardiomyopathy, Meta-analysis, Systematic appraisal

*Correspondence: czsrsl@sina.com; libaoxys@163.com

! Department of Cardiology, The Second Hospital of Shanxi Medical
University, Taiyuan, Shanxi, People’s Republic of China® Department
of Neonatology, The Second Hospital of Shanxi Medical University,
Taiyuan, Shanxi, People’s Republic of China

Full list of author information is available at the end of the article

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-019-1966-4&domain=pdf

Rong et al. J Trans| Med (2019) 17:221

Background

Cardiomyopathies represent a complex group of het-
erogeneous heart muscle diseases caused by mechani-
cal and/or electrical dysfunction, usually manifesting
as inadequate ventricular hypertrophy or dilatation
[1]. Dilated cardiomyopathy is characterized by the
presence of left ventricular chamber enlargement and
contractile dysfunction without abnormal stress condi-
tions and severe coronary artery disease [2, 3]. Dilated
cardiomyopathy is the third major cause of heart failure
and the most frequent indication for heart transplant
worldwide, with a prevalence of 40 in 100,000 persons
and an annual incidence of seven in 100,000 persons [1,
4, 5]. Dilated cardiomyopathy can occur irrespective of
the sex and ethnic group; in dilated cardiomyopathy,
the systolic capacity of the left ventricular decreases
and the patient often suddenly dies; about half of the
people are reported to have died within 5 years of diag-
nosis [6].

Current treatments for dilated cardiomyopathy, such
as beta-blockers, angiotensin receptor antagonists, angi-
otensin-converting enzyme inhibitors, and mechano-
therapy, are aimed at reducing the rate of damage to the
myocardium and not increasing its regenerating poten-
tial. Thus, the development of new therapeutic methods
for this condition is required for this significant, unmet
medical need. Over the last one and half decades, sev-
eral stem cell studies have been conducted in patients
with cardiovascular disease who underwent autologous
and allogeneic stem cell transplantation using various
stem cell types and have used numerous strategies for
the management of stem cell deficiency [7]. Autologous
bone marrow stem cell implantation in coronary artery
has been proven to be safe and effective in improv-
ing the cardiac function of patients with infarction and
chronic ischemia in preclinical and clinical conditions
[8, 9]. Greatly reduced coronary blood flow reserve and
restricted microvascular function have been found in
patients with dilated cardiomyopathy [10, 11]. Several
clinical studies have shown the safety of cell therapy in
these patients [12, 13], although there’s still some con-
troversy over the underlying mechanisms [14-16] and
specific procedures at the methodological level [13, 17].
To provide a comprehensive assessment of the effects of
stem cells therapy in patients with dilated cardiomyo-
pathy, we aimed to perform a systematic appraisal and
meta-analysis of published studies.

Methods

The present meta-analysis was performed in accord-
ance with the Preferred Reporting Items for Systematic
Reviews and Meta-analysis guidelines [18].
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Search strategy

We searched for relevant studies in the Embase, Pub-
Med and Cochrane Library databases from January 1990
to November 2017. The following search terms were
used: “dilated cardiomyopathy’, “dilative cardiomyopa-
thy’, “stem cell’, “bone marrow cells’, “mesenchymal stem
cell’; “hematopoietic stem cells”, “progenitor stem cell’,
“mother cells’, and “colony forming units” Two review-
ers independently searched the above mentioned data-
bases, and the third reviewer resolved all disputes about
eligibility. The article search was not limited by study
design; however, only articles published in English were
searched. All scanned summaries, studies, and quota-
tions were reviewed. In addition, a manual cross retrieval
of the bibliography of the retrieved manuscripts was con-

ducted to further search for relevant publications.

Selection criteria

Studies that (1) involved patients with dilated cardiomyo-
pathy; (2) used at least two comparison groups, that is,
one group that received stem cell therapy/transplantation
and another group that received control treatment with-
out stem cell therapy/transplantation; (3) were published
in English; and (4) used mortality and left ventricular
ejection fraction (LVEF) as primary outcome measures
and left ventricular end-systolic volume (LVESV), left
ventricular end-diastolic chamber size (LVEDCS), and
6-min-walk test as second outcome measures were
included. Studies that (1) used the same population or
overlapping database and (2) were performed in animal
models were excluded.

Data extraction and quality assessment

Two researchers independently extracted data from indi-
vidual studies based on the descriptions provided by the
authors of the included studies. Any disagreement was
resolved by discussion, and a third author was consulted
where necessary. The following data were obtained from
each article: first author, year of publication, country,
mean age, intervention, time of follow-up, study design,
and outcomes assessed. When results were presented in
a figure, we used GetData Graph Digitizer 2.25 (http://
getdata-graph-digitizer.com) to determine the exact val-
ues. The quality of randomized controlled trials (RCTs)
was assessed using the Cochrane Collaboration’s tool
for assessing risk of bias [19]. The assessment included
the following components: random sequence genera-
tion, blinding of patients and study personnel, allocation
concealment, blinding of outcome assessment, selective
reporting of outcomes, completeness of outcome data,
and other threats to validity.


http://getdata-graph-digitizer.com
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Statistical analysis

The meta-analysis was performed using Stata 12.0 (Stata-
Corp, College Station, TX, USA). The standard mean dif-
ference (SMD)/weighted mean difference (WMD) and
95% confidence intervals (CI) were calculated for the
continuous data, and the risk ratio (RR) and 95% confi-
dence intervals were calculated for dichotomous data.
Q-statistics and I index were used to evaluate the het-
erogeneity between various effects. The heterogeneity
was at I*>50%, which was statistically significant. The
random-effects model was used in the analysis. By con-
trast, we used a fixed-effects model to calculate the sum-
mary effect. We conducted a series of sensitivity analyses
to estimate the influence of each study by omitting one
study at a time. We used STATA 12.0 software to perform
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Begg’s and Egger’s test to quantify the publication bias.
Significant publication bias was defined as a two-sided P
value of < 0.05, which was statistically significant.

Results

Study selection

As demonstrated in Fig. 1, from our electronic search,
we identified 125 studies. We found one additional
study by cross-referencing the reference lists of other
relevant articles. According to the inclusion criteria,
101 studies were retained after removing the dupli-
cates. Fifty-two articles, whose titles or abstracts were
screened, were excluded as the studies were irrel-
evant. Of the remaining 49 articles, 33 were excluded
as they were categorized as letters, reviews, and
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Fig. 1 Flow diagram of studies identification
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meta-analyses. The remaining 16 studies were evalu-
ated in detail. Eight of these studies were excluded, of
which five had no control group and three did not pre-
sent the usable data. As a result, only eight randomized
controlled trials [14, 20-26] with 524 participants that
fulfilled our inclusion criteria were analyzed.

Characteristics of the studies

The eight RCTs assessed 531 participants, including
276 participants who received stem cell therapy and
255 controls. The characteristics of the studies are
shown in Table 1. The included articles were published
between 2010 and 2017. The average age of patients in
each trial ranged from 45 to 57.9 years old (Table 1).
We also used a tool recommended by the Cochrane
Collaboration to assess for risk of bias. A graph and
summary of selection bias, detection bias, perfor-
mance bias, reporting bias, attrition bias, and other
bias identified in each RCT are shown in Figs. 2 and
3. Three studies lacked allocation concealment, five
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studies lacked blinding to participants, and one study
lacked blinding to outcome assessment.

Quantitative synthesis

Mortality

Eight articles involving 471 participants presented
the mortality data. The heterogeneity test indicated
that there was no statistical heterogeneity (Pyeterogene-
ity="0.187, I?=30.2%), and there was no significant differ-
ences in mortality (RR=0.72, 95% CI 0.50 to 1.02) (Fig. 4)
between the stem cell therapy group and control group.

LVEF

Eight articles involving 398 participants presented the
LVEF data. The heterogeneity test indicated that there
was significant statistical heterogeneity (Pyegerogene-
ity <0.001, I*=92%), and a significant increase in LVEF
(SMD =1.09, 95% CI 0.29 to 1.90) (Fig. 5) was observed
in the stem cell therapy group compared with the control

group.

Table 1 Characteristics of the studies included in this meta-analysis

Authors/year
of publication

Country Male (%) Mean age

Intervention

Follow-up Study design Outcomes assessed

Stem cell Control

Seth/2010 [20] India 83.9 Stem cell: 45415 years

Control: 4949 years

Vrtovec/2011 [14] USA 79 5349 years

Vrtovec/2013 [21] USA 54+9 years

Stem cell:
5794+ 11 years
Control: 523+ 11 years

Stem cell:
48.3£8.71 years

Control:
51.6+£7.79 years

Stem cell:
57.67£12.32 years
Control:
56.7949.84 years

Stem cell:
51+11.1 years

Control:
49.6£11.1 years

Stem cell:
51.6+£122 years

Control:
544+11.6years

Henry/2014 [22] USA 68.9

Sant Anna/2014 [23] Brazil 60

Hamshere/2015 [26] UK 758

Martino/2015 [24] Brazil 70.6

Xiao/2017 [25] China 75.6

4

28

55

20

82

40 36 M RCT Mortality, LVEF, LVEDCS,
and LVESV

27 12M RCT Mortality, LVEF, LVEDCS,
and 6-min-walk test

55 60 M RCT Mortality, LVEF, LVEDCS,
and 6-min-walk test

11 12M RCT Mortality, LVEF, LVESY, and
6-min-walk test

10 12M RCT Mortality, LVEF, LVESY,
LVEDCS, and 6-min-walk
test

14 12M RCT Mortality, LVEF, LVEDCS,
and LVESV

78 12M RCT Mortality, LVEF, LVESV, and
6-min-walk test

20 12M RCT Mortality, LVEF, LVEDCS,

and 6-min-walk test

LVEDCS left ventricular end-diastolic chamber size, LVEF left ventricular ejection fraction, LVESV left ventricular end-systolic volume, M months, NA not available, RCT

randomized controlled trial
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LVESVY

Five articles involving 248 participants presented the
LVESV data. The heterogeneity test indicated that there
was no statistical heterogeneity (Pyererogencity =0-284,
P=20.5%), and a significant decrease in LVESV
(SMD=—0.36, 95% CI —0.61 to —0.10) (Fig. 6) was
observed in the stem cell therapy group compared with
the control group.

LVEDCS

Seven articles involving 310 participants presented the
LVEDCS data. The heterogeneity test indicated that
there was a significant statistical heterogeneity (Pheteroge-
neity = 0-009, I=64.8%), and the outcome showed that a
significant decrease in LVEDCS was observed between
the two groups (SMD = —0.48, 95% CI —0.89 to — 0.07)
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erogeneity < 0-001, P =94.8%), and no significant difference
Martino 2015 | (2 ? was observed in the 6-min-walk test between the two
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groups (WMD =51.52, 95% CI — 24.52 to 127.55) (Fig. 8).
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Sensitivity analysis

We performed a series of sensitivity analyses by sequen-
tially deleting each qualifying study to assess the impact
of a single dataset on the pooled results. As seen in

Seth 2010 | (?

Vrtovec 2011 | (2

® O OO D ® | O sbindingof outcome assessment (detection bias)
® OO OO ® | @ | ncomplete outcome data (attrition bias)

® e e
-~

Vrtovec 2013 | (2 2 Figs. 9, 10, 11, 12, and 13, any individual study was omit-

ted, but the overall statistical significance remained

Xiao 2017 | (? . ? unchanged, suggesting that our results were statistically
robust.

Fig. 2 Risk of bias summary for the randomized trials included in the
meta-analysis. Symbols: (+): low risk of bias; (?): unclear risk of bias;
(=): high risk of bias
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Fig. 3 Risk of bias graph for the randomized trials included in the meta-analysis
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NOTE: Weights are from random effects analysis

|
|
1
1
1
!

Study %
D RR (95% Cl) Weight
|
Seth (2010) —_— 0.84 (0.44, 1.58) 24.26
Vrtovec (2011) —o—i— 0.24 (0.06, 1.03) 13.94
Vrtovec (2013) _._;_ 0.42 (0.20, 0.88) 32.52
Henry (2014) i 0.56 (0.03, 12.23)  1.93
Sant Anna (2014) i 3.15(0.45,21.96) 2.36
Hamshere (2015) E 5.00 (0.26, 95.02)  0.86
Martino (2015) —|—~— 1.05 (0.51, 2.14) 19.98
Xiao (2017) : 0.21 (0.01, 4.10) 416
Overall (I-squared = 30.2%, p = 0.187) <i> 0.72 (0.50, 1.02) 100.00
i
i
i
| :
008 Stem cell ' Control o4
Fig. 4 Forest plot of the mortality of stem cell therapy versus controls in patients with dilated cardiomyopathy
Study %
ID SMD (95% ClI) Weight
E
Seth (2010) —— 0.56 (0.11, 1.00) 13.29
Vrtovec (2011) E —— 3.15(2.26, 4.04) 11.84
Vrtovec (2013) E 2.69 (2.06, 3.33) 12.74
Henry (2014) ——*—é— 0.51(-0.25, 1.27) 12.31
i
Sant Anna (2014) —-0—5 0.18 (-0.70, 1.06) 11.87
Hamshere (2015) —O—é— 0.83(0.07, 1.59) 12.32
i
Martino (2015) — E -0.21(-0.63,0.21)  13.35
i
Xiao (2017) —é‘— 1.18 (0.41, 1.95) 12.30
Overall (I-squared = 92.0%, p = 0.000) <> 1.09 (0.29, 1.90) 100.00

T
-4.04

Stemcell ° Control
Fig. 5 Forest plot of the LVEF of stem cell therapy versus controls in patients with dilated cardiomyopathy
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Study %
D SMD (95% Cl) Weight
i
Seth (2010) —Eo—— -0.28 (-0.72, 0.15) 33.60
Henry (2014) E -1.24 (-2.06, -0.42) 9.58
Sant Anna (2014) : -0.28 (-1.16, 0.61) 8.22
Hamshere (2015) —é—o—— -0.16 (-0.89, 0.57) 12.10
i
Martino (2015) —é—o—— -0.28 (-0.70, 0.14) 36.50
Overall (l-squared = 20.5%, p = 0.284) <> -0.36 (-0.61,-0.10) 100.00
|
i
T { T
208 Stem cell ° Control 208
Fig. 6 Forest plot of the LVESV of stem cell therapy versus controls in patients with dilated cardiomyopathy
Study %
ID SMD (95% Cl) Weight
Seth (2010) -'—-— -0.15 (-0.59,0.28)  18.34
Vrtovec (2011) —%—o—— -0.28 (-0.87,0.31)  15.56
Vrtovec (2013) —50— -0.43 (-0.90,0.04) 17.80
Henry (2014) —_ , -2.06 (-2.99, -1.13) 10.55
Sant Anna (2014) —;—— -0.01(-0.89,0.87) 11.17
Hamshere (2015) ——-— 0.01(-0.72,0.73)  13.36
Xiao (2017) —o—'— -0.86 (-1.60, -0.12) 13.21
Overall (I-squared = 64.8%, p = 0.009) <> -0.48 (-0.89, -0.07) 100.00
NOTE: Weights are from random effects analysisi
T ' T

° Stem cell ° Control

Fig. 7 Forest plot of the LVEDCS of stem cell therapy versus controls in patients with dilated cardiomyopathy

Publication bias LVEF (Begg’s test: P=0.386; Egger’s test: P=0.425),
Publication bias in literature was assessed by funnel plot, LVESV (Begg’s test: P=0.462; Egger’s test: P=0.448),
Begg’s and Egger’s test. As shown in Figs. 14, 15, 16, 17, LVEDCS (Begg’s test: P=0.230; Egger’s test: P=0.589),
and 18, there was no evidence of publication bias for  and 6-min walk test (Begg’s test: P=0.806; Egger’s test:
mortality (Begg’s test: P=0.902; Egger’s test: P=0.875), pP=0.417).
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Study %

ID WMD (95% Cl) Weight

I
1
1
Vrtovec (2011) ! ———%——— 130.00 (100.76, 159.24) 21.89
1
1
1
Vrtovec (2013) ! _— 110.00 (82.20, 137.80) 21.96
1
1
1
Henry (2014) —_— | -34.00 (-62.58, -5.42) 21.92
1
1
1
1
Sant Anna (2014) -~ 53.66 (-7.00, 114.32) 19.78
Martino (2015) . -29.50 (-149.82, 90.82) 14.44

NOTE: Weights are from random effects analysis

1
1
1
1
;
1
1
Overall (-squared = 94.8%, p = 0.000) <<> 51.52 (2452, 127 .55) 100.00
1
1
1
1
1
1
1
1

[ [
-159 0 159
Stem cell Control

Fig. 8 Forest plot of the 6-min-walk test of stem cell therapy versus controls in patients with dilated cardiomyopathy

Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit

Seth (2010) | [oofr @

Vrtovec (2011) O

Vrtovec (2013) O

Sant Anna (2014) [ O

Hamshere (2015) B O o It I

Martino (2015) o

Xiao (2017) | o |

0.42 0.50 0.72 1.02 1.30
Fig. 9 Sensitivity analysis of the mortality of stem cell therapy versus controls in patients with dilated cardiomyopathy
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Seth (2010)

Vrtovec (2011)

Vrtovec (2013)

Henry (2014)

Sant Anna (2014)

Hamshere (2015)

Martino (2015)

Xiao (2017)

Meta-analysis estimates, given named study is omitted
| Upper CI Limit

| Lower CI Limit

O Estimate

g

0.08 0.29
Fig. 10 Sensitivity analysis of the LVEF of stem cell therapy versus controls in patients with dilated cardiomyopathy

1.09

|
1.90 217

Seth (2010)

Henry (2014)

Sant Anna (2014)

Hamshere (2015)

Martino (2015)

Meta-analysis estimates, given named study is omitted

| Lower CI Limit O Estimate | Upper CI Limit
[ O |
o
\
-0.72 -0.61 -0.36 -0.10 0.00

Fig. 11 Sensitivity analysis of the LVESV of stem cell therapy versus controls in patients with dilated cardiomyopathy
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Meta-analysis estimates, given named study is omitted

| Lower CI Limit O Estimate | Upper CI Limit
Seth (2010) |- Qe 1
Vrtovec (2011) | O
Vrtovec (2013) | | O
Henry (2014) @)
Sant Anna (2014) O
Hamshere (2015) | o)
Xiao (2017) \ 0 |
|
-1.06 -0.89 -0.48 -0.07 0.03
Fig. 12 Sensitivity analysis of the LVEDCS of stem cell therapy versus controls in patients with dilated cardiomyopathy
Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit
Vrtovec (2011) | D o
Vrtovec (2013) o
Henry (2014) o]
Sant Anna (2014)
Martino (2015) | ¢} |
|
-0.84 -0.40 0.82 2.04 2.57

Fig. 13 Sensitivity analysis of the 6-min-walk test of stem cell therapy versus controls in patients with dilated cardiomyopathy
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Discussion

In this study, we evaluated the efficacy and safety of stem
cell therapy in patients with dilated cardiomyopathy by
a systematic appraisal and meta-analysis. Our meta-
analysis showed that stem cell therapy improves left
ventricular ejection fraction and reduces left ventricular
end-systolic volume and left ventricular end-diastolic
chamber size in patients with dilated cardiomyopathy.
However, stem cell therapy has no effect on mortality and
exercise capacity. A promising result has been achieved
in this systematic appraisal and meta-analysis; stem cell
therapy significantly improved LVEF in terms of left ven-
tricular systolic function. Consistently, the final volume
of left ventricular contraction and the decrease in ven-
tricular diameter at the end of left ventricular diastolic
were observed. Recent studies [27, 28] have also shown
that stem cell transplantation can prevent remodeling
and stimulate reverse remodeling of left ventricular.

The efficacy and safety of stem cell therapy in patients
with dilated cardiomyopathy have been investigated by
previous meta-analysis. Recently, Jiao et al. [29] con-
ducted a systematic review and meta-analysis about the
efficacy of stem cell therapy in dilated cardiomyopathy.
Jiao’s study found that stem cell therapy has no effect
on LVEDCS; however, our study showed that stem cell
therapy significantly improved LVEF and reduced LVESV
and LVEDCS. Between-trial heterogeneity is a common
problem when interpreting the results of meta-analyses.
Heterogeneity was found in the overall comparisons in
this study; hence, the random-effects model was used.
Different patient selection criteria, intervention options,
and time intervals may have influenced the interpretation
of heterogeneity.

Dilated cardiomyopathy is an important cause of
heart failure. It is a primary myocardial disease with
unknown pathogenesis, accompanied by a large num-
ber of cardiomyocytes loss, and fibroblast replacement,
known as ventricle remodeling [1, 30]. Therefore, the
recovery of non-functional cardiomyocytes is further
studied and gained much attention. Beltrami et al. [31]
found that myocardial cells were not terminal differen-
tiated cells; however, the number of regenerative cells
was far less than the number needed for cardiac repair.
Exogenous functional cells transplantation replaces,
repairs, or enhances the biological function of non-
functional cardiomyocytes, i.e., cell development and
exploration based on myocardial regeneration therapy,
is a promising new strategy for the treatment of cardi-
ovascular diseases [32, 33]. Although global LVEF has
been used as the gold standard for measuring cardiac
function, especially in large trials such as the CADIL-
LAC trial [34, 35], its use in cell therapy trials remains
controversial [36]. LVEF is an important predictor of
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Funnel plot with pseudo 95% confidence limits

o 4
7N
SN
/ \
/ \
// \\
o / N ® °
/ N

o | /! \

« / N
g / .

/ \

= / \
; // ° \\
T / \
n s \

o / \

< /! \

/ \
/ \
/ \
/ \
/ \
/ \,
/ \
/ \
ol 7/ \
© 7/ ° \
T T T T T T
-50 0 50 100 150 200
WMD

Fig. 18 Funnel plot for publication bias test for the 6-min-walk test of

stem cell therapy

mortality in patients with left ventricular dysfunction
[37], the cohort of patients included in BMSC trials
after AMI [38, 39]. Consistent with previous studies, we
observed a certain degree of improvement in LVEF in
this systematic review and meta-analysis, which is con-
ducive to stem cell therapy. Our results demonstrated
that stem cell therapy improved LVEF and LVESV in
patients with dilated cardiomyopathy. However, stem
cell therapy has no effect on mortality (RR=0.72, 95%
CI 0.50 to 1.02) and 6-min-walk test (WMD =51.52,
95% CI — 24.52 to 127.55). According to the effect value
of the RR and WMD, there was a change trend in favor
of stem cell therapy group, although neither of them
reached statistical significance. We speculate that this
may be related to the small sample size of the included
trials (the total sample is less than 300 cases in stem cell
therapy group).
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At the same time, we noted some limitations in this
meta-analysis. Firstly, meta-analysis may be biased
when the literature search does not identify all relevant
trials or subjectively apply the selection criteria for the
trial. To minimize these risks, we conducted thorough
searches in multiple bibliographic databases and used
clear criteria for research selection, data extraction, and
data analysis. Secondly, language can also lead to bias.
Specifically, we only chose articles published in Eng-
lish so that other qualified studies published in other
language may be excluded. Finally, only a few quali-
fied studies were included. Finally, the number of stud-
ies included was relatively small. Only four studies had
more than 50 participants in the experimental group
in the included studies. The number of participants
in most studies was small, so there was a risk of small
research biases that could lead to exaggerated effects.

Considering the above problems and limitations, more
rigorous clinical randomized controlled trials with larger
samples are needed to further verify the role of stem cell
therapy in dilated cardiomyopathy patients in the future.

Conclusions

This meta-analysis suggests that stem cell therapy
improves LVEF and reduces LVESV and LVEDCS in
patients with dilated cardiomyopathy. However, future
well-designed large studies are warranted to clarify
the effect of stem cell therapy in patients with dilated
cardiomyopathy.
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