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Abstract 

Background  The effects of mesenchymal stem cells (MSCs) on heart failure (HF) have been controversial. This study 
was conducted to investigate whether the transplantation of MSCs after HF could help improve clinical outcomes 
and myocardial performance indices.

Methods  Using a systematic approach, electronic databases were searched for randomized controlled trials 
(RCTs), which evaluated the transplantation of MSCs after HF. The outcomes owf interest included clinical outcomes 
and myocardial function indices. We also assessed the role of age, cause of heart failure, cell origin, cell number, type 
of donor (autologous/allogeneic), and route of cell delivery on these outcomes. Using the random-effects method, 
a relative risk (RR) or mean difference (MD) and their corresponding 95% confidence intervals (CI) were pooled.

Results  Seventeen RCTs including 1684 patients (927 and 757 patients in the intervention and control arms, 
respectively) were enrolled. The RR (95% CI) of mortality was 0.78 (0.62; 0.99, p = 0.04) in the MSC group compared 
to the controls. HF rehospitalization decreased in the MSC group (RR = 0.85 (0.71–1.01), p = 0.06), but this was only sig-
nificant in those who received autologous MSCs (RR = 0.67 (0.49; 0.90), p = 0.008). LVEF was significantly increased 
among those who received MSC (MD = 3.38 (1.89; 4.87), p < 0.001). LVESV (MD = −9.14 (−13.25; −5.03), p < 0.001), LVEDV 
(MD = −8.34 −13.41; −3.27), p < 0.001), and scar size (standardized MD = -0.32 (-0.60; -0.05), p = 0.02) were significantly 
decreased. NYHA class (MD = −0.19 (−0.34; −0.06), p = 0.006), BNP level (standardized MD = −0.28 (−0.50; −0.06), 
p = 0.01), and MLHFQ (MD = −11.55 (−16.77; −6.33), p = 0.005) significantly decreased and 6-min walk test significantly 
improved (MD = 36.86 (11.22; 62.50), p = 0.001) in the MSC group. Trials were not affected by the participants’ etiology 
of heart failure, while trials with the autologous source of cells, MSC doses lower than 100 million cells, and intracoro-
nary injection performed significantly better in some of the outcomes.

Conclusion  Transplantation of MSCs for ischemic or dilated heart failure patients may reduce all-cause mortality 
and improve clinical condition. Moreover, this treatment would improve left ventricular function indices and reduce 
scar size.
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Graphical Abstract

Background
Over the past few decades due to advancements in the 
treatment of myocardial infarction (MI), a reduction in 
the mortality rate after MI was observed. However, this 
caused a rise in the incidence of heart failure (HF), a 
fatal and disabling syndrome [1]. HF affects more than 
64 million people worldwide leading to significant mor-
bidity and mortality, poor quality of life, and imposition 
of high costs on healthcare systems [2]. The global eco-
nomic burden of HF is estimated to be $108 billion per 
annum; with an aging, rapidly expanding, and industri-
alizing global population, this value will continue to rise 
[3]. Although the current management for HF, which 
imposes approximately 65 billion dollars annually 
[3], only increases the longevity of the patients while 
improving their symptoms, they do not restore the 
heart’s normal function by inducing regeneration in the 
damaged myocardium [4]. Therefore, improving con-
firmed treatments and developing approaches to treat 
heart failure patients that restore the normal function 
of the myocardium is strongly required [4]. One of the 
proposed methods of treatment, which probably could 

lead to the reconstruction of the damaged myocardium 
thus restoring the normal functions of the patients, is 
stem cell therapy [5, 6].

As a result of promising outcomes of stem cell ther-
apy in animal studies in MI and HF models [7], cell 
therapy instantly moved forward to human studies, 
using skeletal myoblasts in patients with HF in 2001[8]. 
Since then, different types of stem cells including bone 
marrow mononuclear cells (BM-MNCs), skeletal myo-
blasts, endothelial progenitor cells, mesenchymal stem/
stromal cells (MSCs), cardiac stem/progenitor cells, 
embryonic stem cells, and induced pluripotent stem 
cells have been investigated to select the optimal type 
of cell for treating patients with heart diseases [9]. 
Based on a meta-analysis by Fisher and colleagues, 
most of the studies on cell therapy in HF are done by 
BM-MNCs and cell therapy showed promising results 
in reducing mortality and increasing left ventricular 
ejection fraction (LVEF) in HF by 4.66% [6]. However, 
investigations on MSCs yielded more promising out-
comes and it was shown that MSCs are almost twice as 
effective as BM-MNCs in the TAC-HFT study [10] and 
a meta-analysis comparing the efficacy of MSCs with 
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BM-MNCs in patients with acute myocardial infarction 
showed better results in MSCs [11].

MSCs are defined as a population of cells that adhere to 
plastic in standard culture conditions and express CD73, 
CD90, and CD105 in the absence of CD34, CD45, HLA-
DR, CD14, or CD11b, CD79a, or CD19 surface mole-
cules, and can differentiate into osteoblasts, adipocytes, 
and chondroblasts in vitro [12]. This population of cells 
is discovered in organs and tissues other than its initial 
source, the bone marrow (BM), including Wharton’s jelly, 
peripheral blood, menstrual blood, and adipose tissue [7, 
13]. These tissues are becoming the dominant source for 
the isolation of MSCs due to their safety and availability 
[7]. Furthermore, MSCs are progressively used in cell 
therapy trials because of their desirable features, such as 
a readily obtainable source of adult stem cells, multilin-
eage potential, ease of isolation and expansion, mainte-
nance of stem cell niches, the potential of off-the-shelf 
cell therapy, and recruitment of endogenous stem cells 
and its anti-inflammatory effects through secretion of 
paracrine factors [14].

A meta-analysis of patients who were randomized to 
receive MSCs as a treatment for acute myocardial infarc-
tion [5] has shown that transplantation of MSCs after 
acute MI significantly increases LVEF and may have ben-
eficial effects on some clinical outcomes. On the other 
hand, clinical trials using MSCs in HF showed contro-
versial results and most of them were conducted with a 
low sample size. Furthermore, many questions such as 
the optimal number of stem cells that must be injected, 
feasibility of allogenic transplant and donor selection, 
optimal source of mesenchymal stem cells, the effective-
ness of this treatment for ischemic and non-ischemic HF, 
the process of patient selection for this treatment based 
on demographic and clinical characteristics, and the 
optimal time course of delivery to maximize recovery of 
cardiac function remain to be determined. In this study, 
we report a meta-analysis of clinical evidence from ran-
domized controlled trials of MSCs in patients with heart 
failure caused by ischemic and non-ischemic cardiomyo-
pathy and discuss the effects of this treatment on clinical 
outcomes and cardiac function indices.

Methods
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement was used for 
reporting this study [15]. The protocol for the present 
systematic review and meta-analysis was registered at 
PROSPERO (CRD42024502831).

Search strategy
Relevant studies were identified by searching PubMed, 
Scopus, Embase, Cochrane Library, and clinicaltials.gov 

up to July 2023. The following search terms were used 
alone or in combination: heart failure, congestive heart 
failure, dilated cardiomyopathy, ischemic cardiomyopa-
thy, mesenchymal stem cell, progenitor, stromal cell, and 
multipotent stromal cell. Following the removal of dupli-
cates, two reviewers (SK, FB) independently reviewed all 
the titles and abstracts considering the pre-specified eli-
gibility criteria. The full texts of the papers were obtained 
and looked over for any references for which the title and 
abstract alone could not determine eligibility. The refer-
ence lists of the related systematic reviews found through 
the search were also assessed. Disagreements were set-
tled by discussions with a third reviewer (AA).

Eligibility criteria
Studies were eligible for inclusion in the meta-analy-
sis if they met all of the following inclusion criteria: (1) 
randomized controlled trials (RCTs), (2) participants 
presented with symptoms of HF (both ischemic and 
non-ischemic) according to the New York Heart Asso-
ciation (NHYA) functional classification (class II–IV) or 
clear evidence of left ventricular (LV) dysfunction, (3) 
the intervention group receiving mesenchymal stem cell 
therapy by any route of administration compared with 
the control groups receiving either no intervention or 
placebo in addition to the standard care, and (4) trials 
assessing clinical outcomes and cardiac function indices. 
The intervention group was required to receive trans-
plantation of MSCs through either the vessels (either 
intracoronary or intravenous) or direct injection to the 
myocardium (intramyocardial or transendocardial) with 
any cell origin (bone marrow, umbilical cord, and adi-
pose tissue). The source of cell donor was either autolo-
gous (the cells harvested from the same individual who 
received the transplant) or allogenic (harvested from a 
donor and transplanted to a different individual) stem 
cells The studies were excluded if: (1) animal or lab stud-
ies, (2) conference abstracts with no published full-length 
articles, (3) observational studies, and (4) studies com-
paring outcomes other than the endpoints of interest.

Data extraction
Data extraction was carried out separately by two 
reviewers (SK, AH). A third reviewer (AA) verified the 
obtained accuracy of the extracted data. If the included 
studies failed to provide the necessary data, the corre-
sponding authors were contacted. The extracted data 
including authors, year of publication, manuscript 
type, clinical trial registration ID, study design (setting, 
methods of treatment allocation, randomization, blind-
ing), characteristics of the participants (age, gender, 
cause of cardiomyopathy, New York Heart Association 
(NYHA) functional class, smoking, and comorbidity), 



Page 4 of 16Kavousi et al. Journal of Translational Medicine          (2024) 22:786 

interventions (allogeneic/autologous donor, age of the 
donor, cell origin, cell number, route of delivery, num-
ber of adverse events during the intervention, measure-
ment tools, duration of heart failure, lost to follow-up, 
and follow-up duration were recorded. Specific data 
regarding the analyses including the sample size of each 
group, the number of events for clinical outcomes, and 
data regarding pre and post-intervention and also the 
absolute change for the continuous outcomes were 
extracted.

The primary outcomes of this systematic review were 
clinical outcomes including all-cause mortality, rehospi-
talization for heart failure, major adverse cardiovascular 
events (MACE), and HF worsening. HF worsening was 
defined as the number of participants experiencing a 
decline in the NYHA functional class. Also, MACE was 
defined as a composite of myocardial infarction, stroke, 
and cardiovascular death. Secondary outcomes were 
changes in echocardiographic indices (LVEF, left ven-
tricular end-systolic volume (LVESV), left ventricular 
end-diastolic volume (LVEDV)), health-related quality 
of life (Minnesota living with heart failure questionnaire 
(MLHFQ) score), NYHA functional class, 6-min walk 
test (6MWT), brain natriuretic peptide (BNP), NT-
proBNP levels, and scar size. Where multiple times of 
follow-ups were reported, data were extracted from 
the longest possible duration of follow-up. Whenever, 
the mean and standard deviation (SD) of the change in 
desired outcomes were reported as other measures such 
as median, interquartile range, or range, we calculated 
the mean and SD using the formula proposed by Wan 
and colleagues [16].

Risk of bias (quality) assessment
Two authors (SK, FB) independently assessed the qual-
ity of the studies using the Revised Cochrane risk-of-bias 
tool for randomized trials (RoB 2) [17]; the studies were 
assessed in 5 domains including randomization process, 
deviations from the intended interventions, missing out-
come data, measurement of the outcome, and selection 
of the reported result. Then, each domain was labeled 
as low, with some concerns, or high. For each study, 
we assessed the overall risk of bias. If all domains were 
scored low, the study was judged as low risk of bias. The 
study was judged to raise some concerns when at least 
one domain scored some concern, but not at high risk of 
bias for any domain. When one domain was scored high 
risk of bias or multiple domains of a study were labeled 
with some concerns, the study was judged to be at high 
risk of bias. Any disagreement was resolved by discus-
sion. Finally, the traffic light and summary plot were 
drawn using the robvis tool [18].

Statistical analysis
All the statistical procedures were performed using 
the Comprehensive Meta-Analysis version 3.7 (Bio-
stat Inc. 14 North Dean Street Englewood, NJ 07631 
USA). Meta-analysis was restricted to outcomes that 
were reported in at least three trials. The results of the 
dichotomous data were presented as relative risk (RR) 
with a 95% confidence interval (CI) and for continuous 
variables, the studies were pooled to present the mean 
difference (MD) with 95% CI. For MACE, we reported 
a rate ratio (RR) and for two of the other outcomes 
(BNP/NT-proBNP and scar mass), the results were pre-
sented using standardized mean difference (SMD) and 
its 95% CI. In case the mean change and SD were not 
reported in each study, we calculated the mean changes 
and estimated SD using the correlation coefficient for-
mula. A random-effects model was used throughout 
the analyses due to the likely heterogeneity arising from 
the different study settings. Multiple modalities [mag-
netic resonance imaging (MRI), echocardiography, 
and single-photon emission computed tomography 
(SPECT)] were considered in the analysis of LVEF, with 
some studies reporting data for multiple techniques. 
Wherever the results of more than one modality were 
reported, we extracted data from echocardiographic 
variables. For trials with more than two treatment arms 
and a single control or placebo group, multiple pairwise 
comparisons of treatment groups were avoided by pool-
ing treatment groups [19]. The heterogeneity between 
studies was assessed using Cochran’s Q test and I2.

We used meta-regression and subgroup analysis to find 
the possible sources of heterogeneity in variables. Type 
of donor (allogeneic/autologous), age of the donor (≥ 45 
vs. < 45  years of age), cell origin (bone marrow/umbili-
cal cord/ adipose tissue), number of transplanted cells 
(≥ or < 100 million cells), route of delivery (through ves-
sels (intracoronary or intravenous) vs direct injection into 
the heart muscle (intramyocardial or transendocardial), 
age of participants (< 60 vs. ≥ 60 years of age), cause of HF 
(ischemic vs. non-ischemic) were specified for conduct-
ing subgroup analyses. The non-linear potential effects 
for age, donors’ age, follow-up duration, cell number, per-
centage of male participants, percentage of patients with 
ischemic etiology, and baseline mean values of LVEF, and 
NYHA functional class were examined using fractional 
polynomial modeling. Sensitivity analyses were used 
to assess the impact of risk of bias on significant results 
from meta-analyses, by “one study removed” test. Influ-
ence analysis was performed to test the possible effect of 
individual studies on results. We explored the potential 
small-study effects (publication bias) using Egger’s test 
and funnel plots. P ≤ 0.05 were considered statistically 
significant.
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Results
Eligible studies and quality assessment
Figure 1 shows the PRISMA flow diagram of the study. 
During the initial search in databases, 1,872 articles 
were identified; 298 duplicate records were removed, 
of which 1574 studies were screened. 1474 stud-
ies were excluded during the screening of titles and 
abstracts. Among the remaining 100 studies, a total of 
17 trials [10, 19–34] were included in the quantitative 
synthesis.

Figure  2 depicts the risk of bias in the included tri-
als. Among the seventeen studies, all studies were ran-
domized however five studies [19, 20, 24, 26, 30] had 
some concerns in their randomization process (domain 
1). In one study the randomization process was not 
mentioned [20] and all five of them did not provide any 
information regarding the allocation concealment [19, 
20, 24, 26, 30]. Regarding domain 2, deviation from the 
intended intervention, 4 studies raised some concerns 
[20, 23, 26, 30]. Two studies were not blinded [23, 26]; 

Records identified from:
PubMed (n=551)
Embase (n=119)
Scopus (n=1005)

Cochrane Library (n=154)
clinicaltrials.gov (n =43)

Records removed before screening:
Duplicate records removed (n =298)

Records screened
(n =1574)

Records excluded
(n =1474)

Reports assessed for eligibility
(n =100) Reports excluded (n= 83)

Reasons:
1. Animal studies
2. Insufficient data
3. Combining MSC with growth factors or 

scaffolds
4. any other intervention rather than 

injection of stem cell
5. lack of control group

Studies included in meta-analysis
(n = 17)

Identification of studies via databases and registers
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Fig. 1  PRISMA flowchart of the screening and inclusion process
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one was unclear [20], and three were single-blinded 
[19, 21, 30]. None of the trials had concerns regarding 
domain 3 either being without missing outcome data or 
there was evidence that the result was not biased due to 
missing outcome data. Only one study had some con-
cerns regarding domain 4 (bias in the measurement of 

the outcomes) [23]. Four studies had some concerns 
regarding selective reporting [20, 23, 26, 30]. Overall, 
four studies were judged as having a high risk of bias 
[20, 23, 26, 30], two had some concerns [19, 24], and 
the remaining 11 studies had a low risk of bias.

Fig. 2  risk of bias assessment using RoB 2
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Characteristics of the enrolled studies
As shown in Table  1, a total of 1684 patients were 
included in our final synthesis, of which 927 patients 
underwent MSC therapy and 757 received either pla-
cebo or no intervention. The pooled mean age in 
the control and treatment groups was 60.70 (95% CI 
58.79–62.80) and 59.85 (95% CI 57.38–62.32), respec-
tively. Eight studies extracted the autologous cells [10, 
20–22, 25–27, 31] while the remaining studies used 
allogenic cells extracted [19, 23, 24, 28–30, 32–34]. In 
11 studies, the origin of cells was bone marrow [10, 
19–22, 25, 26, 28, 29, 31, 34], three used the umbili-
cal cord as their source of cells [23, 24, 30], and the 
remaining three studies extracted cells from adipose 
tissue [27, 32, 33]. The injected cell dose ranged from 
5.55 × 106 [20] to 733 × 106 [21]. Twelve studies used 
echocardiography as the measurement tool [10, 19–21, 
24–26, 28, 30, 32–34], four studies used SPECT [19, 
20, 26, 30], seven studies used MRI for measuring ejec-
tion fraction [10, 22, 24, 27, 29–31], and the method 
of measurement in one study was not mentioned [22].

The method of delivery in the included trials could 
be categorized into two main groups: group A consist-
ing of three studies that delivered cells via vessels [23, 
24, 26], and group B including 13 studies in which the 
cells were directly injected into the heart muscle [10, 
19, 21, 22, 25, 27–34]. In group A, 2 trials used the 
intracoronary method (IC) to deliver the cells [23, 26] 
and one study used the intravenous (IV) route for the 
delivery of the cells [24]. One study used both groups 
of delivery methods including intramyocardial (IM) 
and IC [20]. Among group B studies, eight trials deliv-
ered the cells via the IM method [21, 22, 25, 27, 28, 30, 
32, 33] while the remaining 5 trials injected the cells 
into the heart muscle via the transendocardial (TE) 
method [10, 19, 29, 31, 34].

The number of participants randomized to these 
trials ranged from 16 [20] to 537 [34] and the dura-
tion of follow-up ranged from six months [22, 23] to 
over 52  months [29]. Overall, the number of adverse 
events during the procedure of MSC administration 
was few and ranged from 0 [10, 24, 29–31] to 14 [25]. 
The cause of heart failure in two studies was non-
ischemic HF [26, 29], five studies included patients 
with both ischemic and non-ischemic causes of HF 
[19, 23, 24, 28, 34], and the remaining studies only 
enrolled patients with Ischemic HF [10, 20–22, 25, 27, 
30–33]. All trials administered standard medical ther-
apy to all participants. The baseline LVEF of patients 
ranged from 16.2 [28] to 54% [27]. Characteristics of 
the patients enrolled in the included trials are summa-
rized in Table 2.

Clinical outcomes
Mortality
Mortality was reported in all but one trial includ-
ing 905 participants in the treatment group and 426 
participants in the control group [29]. The pooled 
risk ratio showed that the risk of death in the MSC 
group was 21% lower compared to the control group 
(RR = 0.79; 95% CI 0.62–0.99, p = 0.043) (Fig.  3a). 
Subgroup analysis (Table  S1) showed no difference 
in the risk of mortality between any subgroups of tri-
als. Meta-regression (Table  S2) was done to assess 
the effect of age, donors’ age, follow-up duration, cell 
number, percentage of male participants, percentage 
of patients with ischemic cause, baseline mean values 
of LVEF, and NYHA that yielded no significant rela-
tionship with mortality. The risk of publication bias 
was not significant (Figure S1).

Rehospitalization
All-cause rehospitalization was reported in twelve trials 
[10, 19, 22–25, 28, 29, 31–34] including 827 participants 
in the treatment group and 715 participants in the con-
trol group. Although the risk of re-hospitalization in the 
treatment group was lower in comparison with the con-
trol group, it was not statistically significant (RR = 0.85; 
95% CI 0.71–1.01, p = 0.06) (Fig.  3b). In this outcome, 
the risk of publication bias was significant (Figure S2). 
Although the overall difference between groups was not 
significant (p = 0.06), subgroup analysis showed that the 
trials using less than 100 million cells had a significantly 
lower risk of rehospitalization (RR = 0.72; 95% CI 0.55–
0.93, p = 0.01) (Figure S3). Subgroup analysis showed 
a significantly lower risk of rehospitalization in trials 
using autologous cells compared to trials using an allo-
geneic source of cells (p = 0.04; autologous (RR = 0.67; 
95% CI 0.49–0.90; p = 0.008) vs allogeneic (RR = 0.96; 
95% CI 0.80–1.15; p = 0.64)) (Fig.  4a). Moreover, meta-
regression showed that trials injecting a higher number 
of cells to the patients had a higher risk of re-hospitali-
zation and the risk of rehospitalization would increase 
by 1% with each million more cells injected (Coeffi-
cient = 0.00000001; p = 0.03; R2 = 0.27) (Figure S4).

Heart failure worsening
HF worsening was reported in ten trials [19, 22, 24, 25, 
27, 29, 31–34] including 700 participants in the treat-
ment group and 635 participants in the control group. 
However, one trial dominated [34] the results of this 
outcome, and with that trial removed, the lower risk of 
HF worsening in the treatment group became significant 
(RR = 0.65; 95% CI 0.45–0.93, p = 0.019) (Fig. 3c). Similar 
to rehospitalization, subgroup analysis showed that the 
trials using less than 100 million cells had a significantly 
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lower risk of HF worsening compared to trials injecting 
more than 100 million cells (p = 0.012; < 100 million cells 
(RR = 0.63; 95% CI 0.43–0.91; p = 0.01) vs ≥ 100 million 
cells (RR = 1.01; 95% CI 0.96–1.08; p = 0.58)) (Figure S5). 
However, Meta regressions showed no significant result.

Major adverse cardiovascular events
Major adverse cardiovascular events were reported in 
ten trials [10, 19, 22, 27, 29–34] including 14,164 person-
time at risk in the treatment group and 12,802 person-
time at risk in the control group. The rate ratio of the 

Study name Subgroup within study Dead / Total Sta�s�cs for each study Risk ra�o and 95% CI

MSC Weight Risk Lower Upper 
therapy control (Random) ra�o limit limit p-Value

Bartolucci, 2017 . 1 / 15 1 / 15 0.54 1.000 0.069 14.553 1.000

Bartunek, 2013 . 0 / 21 2 / 15 0.44 0.145 0.007 2.828 0.203

Bartunek, 2016 . 26 / 120 45 / 151 21.87 0.727 0.478 1.106 0.136

Bolli, 2021 . 3 / 29 4 / 32 1.93 0.828 0.202 3.390 0.793

Heldman, 2014 . 1 / 19 1 / 11 0.54 0.579 0.040 8.364 0.688

Mathiasen, 2015 . 7 / 40 4 / 20 3.15 0.875 0.290 2.642 0.813

Perin, 2015 Combined 5 / 45 12 / 45 4.19 0.417 0.160 1.086 0.073

Perin, 2023 . 42 / 265 46 / 272 26.25 0.937 0.639 1.374 0.740

Qayyum, 2019 . 4 / 28 0 / 13 0.47 4.345 0.251 75.208 0.313

Qayyum1, 2023 . 3 / 54 0 / 27 0.45 3.564 0.191 66.608 0.395

Qayyum2, 2023 . 3 / 90 2 / 43 1.25 0.717 0.124 4.132 0.709

Ulus, 2020 . 1 / 26 1 / 16 0.53 0.615 0.041 9.165 0.725

Xiao, 2017 . 0 / 17 2 / 20 0.44 0.233 0.012 4.550 0.337

Yau, 2019 . 15 / 106 8 / 53 6.12 0.938 0.425 2.070 0.873

Zhao, 2015 . 2 / 30 7 / 29 1.74 0.276 0.062 1.221 0.090

113 / 905 135 / 762 0.785 0.621 0.992 0.043

0.01 0.1 1 10 100

MSC no cell

Mortality

Heterogeneity: Tau Squared= 0.00; Q-value= 9.178, df(Q)= 14, P= 0.820; I-squared= 0.00

a

Study name Subgroup within study Statistics for each study Risk ratio and 95% CI

MSC Weight Risk Lower Upper 
therapy control (Random) ratio limit limit p-Value

Bartolucci, 2017 . 1 / 15 4 / 15 0.87 0.250 0.032 1.983 0.190
Bartunek, 2016 . 50 / 120 75 / 151 19.68 0.839 0.643 1.094 0.195
Bolli, 2020 . 1 / 14 5 / 17 0.91 0.243 0.032 1.844 0.171
Bolli, 2021 . 4 / 29 7 / 32 2.78 0.631 0.206 1.934 0.420
Heldman, 2014 . 6 / 19 5 / 11 3.91 0.695 0.275 1.753 0.441
Mathiasen, 2015 . 13 / 40 16 / 20 10.33 0.406 0.247 0.668 0.000
Perin, 2015 Combined 9 / 45 24 / 45 7.10 0.375 0.197 0.715 0.003
Perin, 2023 . 223 / 265 219 / 272 29.39 1.045 0.966 1.130 0.270
Qayyum1, 2023 . 21 / 54 11 / 27 8.67 0.955 0.543 1.679 0.872
Qayyum2, 2023 . 49 / 90 16 / 43 12.35 1.463 0.950 2.253 0.084
Yau, 2019 . 99 / 106 49 / 53 28.87 1.010 0.921 1.108 0.829
Zhao, 2015 . 5 / 30 9 / 29 3.63 0.537 0.204 1.412 0.208

481 / 827 440 / 715 0.847 0.713 1.007 0.060

0.01 0.1 1 10 100

MSC no cell

Rehospitalization

Heterogeneity: Tau Squared= 0.032; Q-value= 33.857, df(Q)= 11, P= 0.00; I-squared= 67.51

b

Study name Subgroup within study Dead / Total Statistics for each study Risk ratio and 95% CI

MSC Weight Risk Lower Upper 
control therapy (Random) ratio limit limit p-Value

Bartolucci, 2017 . 3 / 15 1 / 15 0.83 0.333 0.039 2.853 0.316
Bartunek, 2016 . 18 / 151 10 / 120 7.11 0.699 0.335 1.458 0.340
Bolli, 2020 . 1 / 17 0 / 14 0.39 0.400 0.018 9.117 0.566
Bolli, 2021 . 1 / 32 1 / 29 0.52 1.103 0.072 16.849 0.944
Mathiasen, 2015 . 5 / 20 9 / 40 4.24 0.900 0.347 2.333 0.828
Perin, 2015 Combined 24 / 45 9 / 45 9.23 0.375 0.197 0.715 0.003
Qayyum, 2019 . 0 / 13 4 / 28 0.47 4.345 0.251 75.208 0.313
Qayyum1, 2023 . 2 / 27 4 / 54 1.44 1.000 0.195 5.121 1.000
Qayyum2, 2023 . 7 / 43 14 / 90 5.56 0.956 0.416 2.194 0.915

61 / 363 52 / 435 0.650 0.454 0.931 0.019

0.01 0.1 1 10 100

MSC no cell

HF worsening (perin 2023 removed)

Heterogeneity: Tau Squared= 0; Q-value= 6.686, df(Q)= 8, P= 0.571; I-squared= 0

c d

Fig. 3  Forest plot of the comparison between the changes in treatment and control groups regarding primary outcomes: a death, b 
rehospitalization, c heart failure worsening, and d major adverse cardiac events

Fig. 4  Forest plot of the comparison between the changes in the treatment and control groups regarding a rehospitalization compared 
between allogenic and autologous subgroups and b ejection fraction compared between routes of delivery
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MACE compared between the MSC and control group 
was not statistically significant (RR = 1.02; 95% CI 0.89–
1.19, p = 0.73) (Fig.  3d). Neither sub-group analysis nor 
meta-regression yielded any significant results.

Paraclinical parameters
LVEF
LVEF was reported in all except one trial [32] (Fig.  5a). 
Meta-analysis revealed a significant difference in mean 
change from baseline values in favor of cell therapy 
(MD = 3.38; 95% CI 1.89–4.87, p < 0.001). The risk of pub-
lication bias was not significant in this outcome (Figure 
S6). As mentioned earlier, to perform subgroup analysis 
for the route of delivery, all methods of cell delivery were 
grouped based on direct injection into the myocardium 
or injection into vessels [22, 24, 26] except for one study 
using both methods[20]. There was a statistically signifi-
cant difference (p-value = 0.006) between the LVEF mean 
difference of these groups (Fig. 4b). Moreover, trials deliv-
ering MSC through vessels (MD = 6.83; 95% CI 4.06–9.61, 
p < 0.001) were superior to trials directly injecting MSC 
into the myocardium (MD = 2.46; 95% CI 1.12–2.80, 

p < 0.001). Although no meta-regression resulted in sig-
nificant correlations, meta-regression to assess the effect 
of the mean age of patients revealed that a year increase 
in patients’ age would decrease the mean change of LVEF 
by 0.29 (Coefficient = −0.29, p = 0.07) (Figure S7). Addi-
tionally, meta-regression to assess the effect of cell counts 
showed that with each 100 million increases in cell num-
ber, the mean change of LVEF will slightly increase by 0.6 
(Coefficient = 0.000000006, p = 0.07) (Figure S8).

LVESV
The mean change of LVESV could be obtained from 
twelve trials that were included in the meta-analysis 
[10, 19, 22, 24, 25, 27, 29–34]. Pooled estimates (Fig. 5b) 
showed that LVESV decreased significantly after cell 
therapy in treatment groups compared to controls by 
9.14 ml in the last follow-up (MD = -9.14; 95% CI −13.25 
to −5.03, p < 0.001). Subgroup analysis indicated a sig-
nificantly higher decrease of LVESV in trials using the 
autologous source of cells compared to trials with an allo-
geneic source (MD = −12.01 vs MD = −3.01; P = 0.045) 
(Figure S9). Similarly, subgroup analysis based on donor 

Study name Subgroup within study Statistics for each study Difference in means and 95% CI

Weight Difference Lower Upper 
(Random) in means limit limit p-Value

Bartolucci, 2017 . 0.08 5.210 0.237 10.183 0.040
Bartunek, 2013 . 0.12 6.800 3.798 9.802 0.000
Bartunek, 2016 . 0.15 1.380 -0.389 3.149 0.126
Bolli, 2020 . 0.08 0.760 -4.254 5.774 0.766
Bolli, 2021 . 0.12 2.170 -0.991 5.331 0.178
Heldman, 2014 . 0.05 1.310 -6.186 8.806 0.732
Mathiasen, 2015 . 0.15 6.300 4.278 8.322 0.000
mohyeddin, 2007 . 0.03 9.380 -0.458 19.218 0.062
Perin, 2015 Combined 0.11 3.415 -0.068 6.897 0.055
Perin, 2023 . 0.16 1.300 -0.058 2.658 0.061
Qayyum, 2019 . 0.08 1.200 -3.810 6.210 0.639
Qayyum2, 2023 . 0.12 1.500 -1.421 4.421 0.314
Ulus, 2020 . 0.08 0.550 -4.283 5.383 0.824
Xiao, 2017 . 0.11 6.300 2.888 9.712 0.000
Yau, 2019 . 0.13 0.300 -2.200 2.800 0.814
Zhao, 2015 . 0.14 8.000 5.612 10.388 0.000

3.381 1.888 4.874 0.000
-50.00 -25.00 0.00 25.00 50.00
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(Random) in means limit limit p-Value

Bartolucci, 2017 . 0.005 -6.400 -33.735 20.935 0.646
Bartunek, 2016 . 0.045 -12.850 -22.128 -3.572 0.007
Bolli, 2020 . 0.005 -1.138 -29.644 27.368 0.938
Bolli, 2021 . 0.006 -18.443 -42.948 6.061 0.140
Heldman, 2014 . 0.001 -14.385 -72.962 44.191 0.630
Mathiasen, 2015 . 0.079 -13.000 -19.964 -6.036 0.000
Perin, 2015 Combined 0.013 -6.043 -23.476 11.391 0.497
Perin, 2023 . 0.034 -2.900 -13.560 7.760 0.594
Qayyum, 2019 . 0.024 -5.300 -17.985 7.385 0.413
Qayyum1, 2023 . 0.004 -0.100 -29.709 29.509 0.995
Qayyum2, 2023 . 0.009 -0.300 -21.524 20.924 0.978
Ulus, 2020 . 0.003 -0.700 -34.825 33.425 0.968
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Heldman, 2014 . 6.69 -0.601 -1.359 0.157 -1.553 0.120
Mathiasen, 2015 . 13.23 -0.264 -0.803 0.274 -0.962 0.336
Ulus, 2020 . 9.60 -0.520 -1.152 0.113 -1.610 0.107
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Fig. 5  Forest plot of the comparison between the changes in treatment and control groups regarding echocardiographic measurements: a LVEF b 
LVESV c LVEDV d scar size as a percentage of LV mass
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age resulted in the same results due to including the same 
trials (Figure S10). However, meta-regressions showed no 
significant result.

LVEDV
The mean change of LVEDV could be obtained from 
eleven trials [10, 19, 22, 24, 25, 27, 29–31, 33, 34]. Meta-
analysis of this outcome showed a significant decrease 
in LVEDV in patients treated with MSC (MD = −8.33; 
95% CI −13.41 to −3.26, p = 0.001) (Fig. 5c). Neither sub-
group analysis nor meta-regression showed any signifi-
cant results.

Scar size as a percentage of LV mass
Scar size was reported as an outcome in five trials [10, 
22, 29–31]. Since scale and units of measurement were 
not the same, this outcome was estimated and converted 
to the percentage of LV mass. Therefore, in this analy-
sis we used SMD. Accordingly, there was a statistically 
significant decrease in scar size in the treatment group 
compared to the control (SMD = −0.32; 95% CI −0.59 
to −0.05, p = 0.02) (Fig. 5d). Due to the small number of 

studies, subgroup analysis and meta-regression were not 
performed.

NYHA functional class
Eight studies were included for this outcome [19, 20, 22, 
24, 26, 27, 32, 33]. There was a significant improvement 
in NYHA functional class after MSC therapy in compari-
son with the control group (MD = −0.20; 95% CI −0.34 to 
−0.06, p = 0.006) (Fig. 6a; Figure S11). The NYHA score 
decreased more in trials delivering cells via intracoro-
nary path compared to trials injecting cells directly to the 
heart (p = 0.016; vessels (MD = −0.54; 95% CI −0.88 to 
−0.19; p = 0.002) vs direct intramyocardial transplanta-
tions (MD = −0.10; 95% CI −0.203 to −0.003; p = 0.058)) 
(Figure S12). Moreover, subgroup analysis showed big-
ger improvement in trials with younger patients com-
pared to trials with higher mean age (p = 0.002; middle 
age (MD = −0.59; 95% CI −0.88 to −0.29; p < 0.001) vs old 
(MD = −0.10; 95% CI −0.203 to −0.003; p = 0.058)) (Fig-
ure S13). In addition, meta-regression showed that the 
NYHA score would improve more in trials with lower 
mean age of patients (Coefficient = 0.036, p = 0.005) 

Study name Subgroup within study Statistics for each study Difference in means and 95% CI

Weight Difference Lower Upper 
(Random) in means limit limit p-Value

Bartolucci, 2017 . 16.28 -0.390 -0.818 0.038 0.074
Mathiasen, 2015 . 18.55 -0.210 -0.603 0.183 0.295
mohyeddin, 2007 . 9.19 -0.750 -1.354 -0.146 0.015
Perin, 2015 Combined 41.17 -0.080 -0.282 0.121 0.434
Qayyum, 2019 . 13.84 -0.100 -0.574 0.374 0.679
Qayyum1, 2023 . 46.43 -0.100 -0.273 0.073 0.259
Qayyum2, 2023 . 41.43 -0.090 -0.290 0.110 0.378
Xiao, 2017 . 10.29 -0.800 -1.366 -0.234 0.006

-0.195 -0.335 -0.055 0.006

-2.00 -1.00 0.00 1.00 2.00
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Study name Subgroup within study Statistics for each study Difference in means and 95% CI

Weight Difference Lower Upper 
(Random) in means limit limit p-Value

Bartunek, 2013 . 0.00 77.000 -3.167 157.167 0.060
Bolli, 2020 . 0.00 38.020 -11.510 87.550 0.132
Bolli, 2021 . 0.00 13.660 -33.751 61.071 0.572
Heldman, 2014 . 0.00 20.150 -44.118 84.418 0.539
Mathiasen, 2015 . 0.00 10.730 -30.420 51.880 0.609
Perin, 2015 Combined 0.00 13.522 -33.359 60.402 0.572
Qayyum1, 2023 . 0.00 21.220 -25.386 67.826 0.372
Qayyum2, 2023 . 0.00 28.000 -7.747 63.747 0.125
Ulus, 2020 . 0.00 28.360 -70.620 127.340 0.574
Zhao, 2015 . 0.00 114.990 79.656 150.324 0.000

36.856 11.216 62.497 0.005
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Study name Subgroup within study Statistics for each study Difference in means and 95% CI

Weight Difference Lower Upper 
(Random) in means limit limit p-Value

Bartolucci, 2017 . 0.01 -11.650 -29.721 6.421 0.206
Bolli, 2020 . 0.01 -12.820 -32.159 6.519 0.194
Bolli, 2021 . 0.03 -14.120 -25.586 -2.654 0.016
Heldman, 2014 . 0.01 -18.190 -34.777 -1.603 0.032
Perin, 2015 Combined 0.08 -9.154 -16.263 -2.045 0.012
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Bartolucci, 2017 . 7.36 -0.391 -1.114 0.331 0.289
Bolli, 2020 . 7.51 -0.421 -1.136 0.294 0.249
Bolli, 2021 . 15.14 -0.202 -0.706 0.301 0.431
Mathiasen, 2015 . 13.31 -0.129 -0.666 0.408 0.638
Perin, 2015 Combined 21.38 -0.549 -0.973 -0.125 0.011
Qayyum1, 2023 . 18.00 -0.031 -0.493 0.431 0.896

-0.280 -0.495 -0.064 0.011

-2.00 -1.00 0.00 1.00 2.00
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Fig. 6  Forest plot of the comparison between the changes in treatment and control groups regarding a NYHA b Quality of Life c 6MWT d BNP
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(Figure S14) and more female participants (Coeffi-
cient = 0.23, p = 0.04) (Figure S15).

Quality of life assessed with MLHFQ
To assess the impact of MSC therapy on MLHFQ score, 
five studies were eligible [10, 19, 24, 29, 31]. Meta-analy-
sis showed a significant decrease in the treatment group 
in comparison with controls regarding the MLHFQ 
score (MD = −11.55; 95% CI −16.76 to −6.33, p < 0.001) 
(Fig. 6b). Due to the small number of studies, subgroup 
analysis and meta-regression were not performed.

Six‑minute walk test
The mean change of the 6-min walk test from base-
line was available from ten trials [10, 19, 21–23, 29–33]. 
The meta-analysis of the included trials showed that 
treatment group patients performed significantly bet-
ter than the control group in this exercise capacity test 
(MD = 36.85; 95% CI 11.21–62.49, p = 0.005) (Fig.  6c). 
Assessing the trials based on the mean age of partici-
pants, subgroup analysis showed that trials with mid-
dle-aged participants performed better than trials in 
the old age group and 6MWT was significantly more 
increased in middle-aged patients (p = 0.004; middle age 
(MD = 73.01; 95% CI: 43.82 to 102.21; p < 0.001) vs old 
patients (MD = 18.53; 95% CI −3.60 to 40.67; p = 0.101)) 
(Figure S16). Subgrouping trials based on the origin of 
stem cells showed that trials using umbilical cord cells 
(MD = 105.20; 95% CI 71.92–138.47; p < 0.001) signifi-
cantly performed better than two other sources although 
this result must be interpreted with caution due to only 
two studies in umbilical cord and adipose tissue groups 
(p < 0.001; adipose tissue (MD = 25.49; 95% CI −2.88 to 
53.85; p = 0.078) vs bone marrow (MD = 28.18; 95% CI 
1.31 to 43.05; p = 0.037) (Figure S17). Meta-regression 
to assess the effect of the mean age of patients showed 
that trials with overall younger participants had better 
improvement in this test (Coefficient = −6.20, p < 0.001) 
(Figure S18). Moreover, meta-regression also showed 
better improvement when the donor of cells was younger 
(Coefficient = −1.11, p = 0.01) (Figure S19). Although not 
significant, meta-regression showed that studies with 
more patients with non-ischemic causes of heart failure 
showed better improvement in this outcome (Coeffi-
cient = −0.55, p = 0.052) (Figure S20).

BNP/ NT‑proBNP
Four trials reported NT-proBNP [22, 29, 31, 32] while 
2 trials reported BNP [19, 24]. As mentioned in a simi-
lar study [6], since no meaningful difference except for 
measurement scales exists between them, the stand-
ardized MD (SMD) was used to allow analysis of both 
BNP/ NT-proBNP. Pooled estimation of SMDs from six 

trials [19, 22, 24, 29, 31, 32], showed a statistically sig-
nificant decrease of BNP/NT-proBNP in the treatment 
group (SMD = −0.28; 95% CI −0.50 to −0.06, p = 0.011) 
(Fig.  13). Due to the small number of studies subgroup 
analysis and meta-regression were not performed.

Sensitivity analysis
Except for one trial [34] dominating HF worsening 
outcome, sensitivity analysis showed no critical study 
(specifically those with a high risk of bias) that made 
remarkable changes in the results (Figure S21, S22).

Risk of publication bias
The Egger’s test and funnel plot were performed to inves-
tigate the risk of bias. Except for two outcomes includ-
ing NYHA and rehospitalization (Table S2), none of the 
p-values were significant (ranging from 0.01 to 0.94). 
The funnel plot of NYHA did not show any significant 
deviation while this was not the case for rehospitaliza-
tion hence, the results drawn from this outcome should 
be cautiously interpreted.

Discussion
In the present study, using a meta-analysis of randomized 
clinical trials we have shown that transplantation of 
MSCs in HF patients would improve both clinical and 
paraclinical outcomes. To the extent of our knowledge, 
this is the largest available piece of evidence and the first 
demonstrating that such treatment would reduce mor-
tality in these patients. Also, other outcomes including 
myocardial function indices such as LVEF, and HF condi-
tion including NYHA class, 6-min walk test, BNP level, 
quality of life, and in some subgroups even HF rehospi-
talization rates were improved.

Here, we noticed that transplantation of MSCs would 
improve LVEF (3.38%) and reduce LVEDV (8.33 ml) and 
LVESV (9.14 ml). Most previous studies and meta-anal-
yses reached similar findings. In a meta-analysis con-
ducted on 6 trials that only used Bone marrow-derived 
MSCs, LVEF was shown to be improved by 6.37%. [35] 
In another larger study including 14 trials with a sample 
volume of 1445 patients, LVEF improvement was 3.35% 
[36] which was closer to our results. It is noteworthy that 
in our study we also found a significant reduction in scar 
mass which may be translated to a more normal physiol-
ogy of the heart in HF patients treated with mesenchymal 
stem; however, more studies evaluating this outcome in 
their patients with CMR are required to draw more con-
clusive results [5].

In the present study, we demonstrated a survival bene-
fit for transplantation of MSCs in HF patients (RR = 0.78, 
P = 0.043). Although all previous meta-analyses were in 



Page 14 of 16Kavousi et al. Journal of Translational Medicine          (2024) 22:786 

favor of MSC transplantation, none reached such sig-
nificance in this outcome. This can be explained by the 
fact that all previous studies did not reach a sample vol-
ume large enough to demonstrate this effect, while we 
enrolled 17 trials with 1684 participants which to the 
best of our knowledge is the largest available piece of evi-
dence. Regarding the rehospitalization for HF rate, we 
saw a trend toward reduction with a borderline p-value 
(RR:0.85, p = 0.06) and this outcome reached significance 
when only trials using an autologous source of cells were 
included (RR = 0.67, P = 0.04). The results of this out-
come in most other studies were in favor of MSC trans-
plantation. Shen et  al. (N = 823; RR = 0.53; p = 0.0004) 
[37], Fan et al. (n = 612; RR = 0.66; P = 0.001) [38], and Fu 
et al. (N = 625, RR = 0.41; p = 0.003) [39]found significant 
reduction in rehospitalization rate among these patients. 
However, Krishna Mohan and collogues [36] did not find 
a significant benefit although there was a trend toward 
reduction (N = 1445; RR = 0.55; p = 0.07).

In this meta-analysis, we assessed several factors that 
would affect the efficacy of MSC transplantation in HF 
patients. To the best of our knowledge, this is the first 
meta-analysis that has assessed these factors exten-
sively. In general, subgroup analysis and meta-regres-
sion explained the heterogeneity among different trial 
outcomes. As shown in supplementary Tables S1 and 2, 
trials were not affected by the participant’s ischemic or 
non-ischemic etiology of heart failure, baseline EF, base-
line NYHA score, and follow-up duration of trials. Con-
versely, trials using an autologous source of cells, less 
than 100 million cells, delivering cells intracoronary or 
intravenous, and younger participants (< 60  years old) 
showed better results in different outcomes compared 
to other trials. Here, we found that the route of delivery 
through vessels is much more effective than that of direct 
injection to the myocardium. This issue can be related 
to the fact that the healing properties of these cells are 
mainly through Mesenchymal stem cell-derived extracel-
lular vesicles [40, 41]. Moreover, the number of adverse 
events during injection of cells was higher in routes of 
direct injection to the myocardium. As a result, the safer 
and more effective route of delivery which is through ves-
sels, especially intracoronary injection can be the choice 
method of delivery for MSC deliveries. A similar finding 
was noticed in the meta-analysis by Fan and co-work-
ers [38]. In addition, we assessed the efficacy of MSC 
transplantation in ischemic vs non-ischemic patients. 
Although trials investigating the effect of MSCs in DCM 
patients are rare and most trials investigating the effect of 
this intervention on this population used a mixed sam-
ple of ischemic and DCM patients; overall, our subgroup 
analyses showed similar effects for both groups in most 
outcomes.

An interesting finding in the present meta-analysis was 
the outperformance of autologous MSCs in decreasing 
the relative risk of HF rehospitalization compared with 
allogenic stem cells. This finding has not been mentioned 
in the previous studies. A meta-analysis of animal stud-
ies showed similar improvement of LVEF in both allo-
genic and autologous cell types. Both of these cell lines 
showed better results compared to placebo [42]. The 
immunophenotype and potent immunosuppressive 
activity of MSCs enable them to be transplanted from an 
allogeneic donor. Furthermore, MSCs exhibit moderate 
expression of major histocompatibility complex class I, 
while they do not express major histocompatibility com-
plex class II molecules. Additionally, these cells lack the 
expression of costimulatory molecules such as B7 and 
CD40 ligands and interact with both innate and adaptive 
immune cells, resulting in an immunomodulatory impact 
which is accomplished through direct contact with tar-
geted immune cells and the release of factors, such as 
nitric oxide, indoleamine 2,3-dioxygenase, and heme oxy-
genase-1 [7]. Furthermore, there was no observed differ-
ence between allogenic vs. autologous transendocardial 
injection of MSCs in terms of LVEF which was shown 
in the results of the POSEIDON trial [43]. Although 
the previous studies have shown no difference between 
autologous and allogenic stem cells, we found that autol-
ogous injection of MSCs may be superior to allogenic 
stem cells regarding hospitalization. The results of future 
randomized trials are warranted to further address the 
potential differences between these two types of MSCs.

To obtain autologous cells, all of the trials included 
in this study used bone marrow-derived MSCs, while 
MSCs obtained from BM showed no superiority to other 
sources of cells in this study, including adipose tissue 
and umbilical cord. Furthermore, the associated morbid-
ity from the acquisition of MSCs from the bone marrow 
and the different properties of MSCs isolated from dif-
ferent tissues led to the investigation of alternative stem 
cell sources to determine the optimal source for thera-
peutic transplantation [44]. However, so far, only three 
sources of MSCs have been investigated in Randomized 
controlled trials -mostly using bone marrow- while other 
sources of MSCs are easier to obtain and have shown 
promising results such as Dental pulp [45, 46], menstrual 
blood [13], and peripheral blood cells [47].

Limitations
Our study faces some limitations. First of all, the stud-
ies included in this meta-analysis used various protocols 
for cell transplantation, patient follow-up, and study out-
comes. However, we tried to address this issue by per-
forming several subgroup analyses. In addition, there 
may be some factors that may affect the efficacy of MSC 
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transplantation that were not reported in many studies 
and we could not analyze them such as the level of CRP 
at the baseline. Furthermore, most of the studies included 
have a small sample volume and our finding may be influ-
enced by the two large included trials.

Lastly, although the quality of life in heart failure 
patients is an important factor to be considered, the 
meta-analysis of the Quality of life included only 6 stud-
ies due to different questionnaires being used. Therefore, 
we suggest the use of the same questionnaire in future 
trials on cell therapies in heart failure patients besides 
whatever questionnaire that investigators find suitable 
for the study population. In the end, since some of the 
previous studies have assessed baseline and final quality 
of life with these tools, we recommend the use and report 
of MLHFQ [10, 19, 24, 25, 29, 31] and NYHA [20, 22, 24, 
26, 27, 32, 33] in future cell therapy trials on heart failure 
patients.

Conclusions
It can be concluded that transplantation of MSCs for 
ischemic and dilated heart failure patients may reduce 
all-cause mortality, improve HF symptoms and quality 
of life, improve ejection fraction, and reduce scar size. 
These results should be interpreted with caution as the 
included studies used various routes of transplantation, 
number of cells, and duration of follow-up. Perfor-
mance of large clinical trials with long duration of fol-
low-up would better clarify this situation. Furthermore, 
there are some unsolved issues including the cost-effec-
tiveness that should be further investigated.
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