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Abstract 

Background  There is no clear evidence on the comparative effectiveness of bone-marrow mononuclear cell 
(BMMNC) vs. mesenchymal stromal cell (MSC) stem cell therapy in patients with chronic heart failure (HF).

Methods  Using a systematic approach, eligible randomized controlled trials (RCTs) of stem cell therapy (BMMNCs 
or MSCs) in patients with HF were retrieved to perform a meta-analysis on clinical outcomes (major adverse cardio-
vascular events (MACE), hospitalization for HF, and mortality) and echocardiographic indices (including left ventricular 
ejection fraction (LVEF)) were performed using the random-effects model. A risk ratio (RR) or mean difference (MD) 
with corresponding 95% confidence interval (CI) were pooled based on the type of the outcome and subgroup analy-
sis was performed to evaluate the potential differences between the types of cells.

Results  The analysis included a total of 36 RCTs (1549 HF patients receiving stem cells and 1252 patients in the con-
trol group). Transplantation of both types of cells in patients with HF resulted in a significant improvement in LVEF 
(BMMNCs: MD (95% CI) = 3.05 (1.11; 4.99) and MSCs: MD (95% CI) = 2.82 (1.19; 4.45), between-subgroup p = 0.86). Stem 
cell therapy did not lead to a significant change in the risk of MACE (MD (95% CI) = 0.83 (0.67; 1.06), BMMNCs: RR (95% 
CI) = 0.59 (0.31; 1.13) and MSCs: RR (95% CI) = 0.91 (0.70; 1.19), between-subgroup p = 0.12). There was a marginally 
decreased risk of all-cause death (MD (95% CI) = 0.82 (0.68; 0.99)) and rehospitalization (MD (95% CI) = 0.77 (0.61; 0.98)) 
with no difference among the cell types (p > 0.05).

Conclusion  Both types of stem cells are effective in improving LVEF in patients with heart failure without any notice-
able difference between the cells. Transplantation of the stem cells could not decrease the risk of major adverse 
cardiovascular events compared with controls. Future trials should primarily focus on the impact of stem cell trans-
plantation on clinical outcomes of HF patients to verify or refute the findings of this study.
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Background
Heart failure represents a significant global health bur-
den, affecting a substantial proportion of the worldwide 
population [1]. Although significant progress has been 
made in the development of pharmacological interven-
tions [2] and implantable cardiac devices [3, 4], the over-
all clinical outcomes for patients diagnosed with heart 
failure remain suboptimal, underscoring the need to 
investigate innovative therapeutic modalities. Stem cell-
based therapies are novel approaches with the potential 
to improve the morbidity and mortality associated with 
heart failure [5]. It is believed that stem cell transplanta-
tion can result in higher regional blood flow, angiogen-
esis, and improved cardiac function, which is mediated 
by increased paracrine signaling pathways obtained from 
higher expression of interleukin-1β (IL-1β), tissue necro-
sis factor-α (TNF-α), and vascular endothelial growth 
factor (VEGF) [6–8]. Many types of stem cells have 
been frequently used in the past few years to improve 
the clinical outcomes of patients with heart failure 
(HF). Mesenchymal stromal cells (MSCs) [9] and bone 
marrow-derived mononuclear cells (BMMNCs) [10] 
transplantation have both emerged as possibly impor-
tant therapies for HF patients due to their potential for 
cardiac repair. MSCs, multipotent stromal cells that can 
differentiate into a variety of cell types, including cardio-
myocytes, have shown potential in preclinical and clini-
cal studies [11]. Using the current criteria for isolation, 
MSCs produce heterogenous, non-clonal cultures, com-
prising stromal cells with varying multipotential capabili-
ties, along with committed progenitors and differentiated 
cells. These cultures demonstrate a wide range of dif-
ferentiation potentials resulting in a diverse array of cell 
types within the cultures [12, 13]. On the other hand, 
BMMNCs, a heterogeneous population of cells, includ-
ing hematopoietic stem cells and endothelial progenitor 
cells, have also demonstrated beneficial effects on car-
diac function and structure [14, 15]. Although a previous 
meta-analysis has compared BMMNCs with MSCs in 
patients with acute myocardial infarction, a clear com-
parison between the two types of therapies in chronic 
heart failure has not been established. This meta-analysis 
was conducted to determine and compare the cardiovas-
cular outcomes and echocardiographic indices of MSCs 
and BMMNCs therapies in heart failure.

Methods
This systematic review was reported based on the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [16]. Prospective 
protocol registration was done with the registration ID of 
CRD42024504239.

Search sources and strategies
An extensive search of the literature was carried out in 
three different online databases including PubMed, Sco-
pus, and Embase Library to find the eligible studies pub-
lished from database inception up until February 20th, 
2024. No time frame or restriction was placed on the 
search results. The search strategy of our study included 
the relevant keywords mentioned in Table S1.

Study selection and risk of bias
First, the duplicate records were removed and they were 
subsequently imported into the Rayyan web-based tool 
for managing systematic reviews [17]. Two reviewers 
(ND and SM) autonomously assessed the records based 
on their titles and abstracts. Subsequently, full texts were 
obtained for each study to undergo screening based on 
the eligibility criteria. Discrepancies were addressed 
through discussion with a third author (AH) until con-
sensus was reached. Eligible studies were required to 
meet the following criteria: (a) randomized controlled 
trials (RCTs), (b) patients with chronic heart failure or 
cardiomyopathy (ischemic or non-ischemic), (c) adminis-
tration of BMMNCs or MSCs in at least one trial arm, (d) 
presence of one or more control arms who were treated 
with standard therapy with or without placebo injection, 
and (e) reporting clinical outcomes or echocardiographic 
indices. Studies with potential overlapping population 
were identified and the study with the larger sample size 
was included.

For the present study, the primary outcome of interest 
was major adverse cardiovascular events (MACE), all-
cause mortality, and hospitalization for heart failure at 
the longest available follow-up. The secondary outcomes 
were echocardiographic indices (left ventricular ejec-
tion fraction (LVEF), left ventricular end-diastolic vol-
ume (LVEDV), and left ventricular end-systolic volume 
(LVESV)), 6-min walk test (6MWT), and B-type natriu-
retic peptide (BNP).

The reviewers (ND, SM) extracted data into a prede-
fined form within Microsoft Excel Spreadsheet Software. 
A third author (AH) cross-checked the data accuracy and 
resolved any extraction discrepancies through discussion. 
For each study, the following data were extracted: (a) 
study characteristics (first author, publication year, trial 
name, and country), (b) subject characteristics (sample 
size, type of heart failure, and baseline demographics of 
treatment and control group), (c) intervention specifics 
(dosage and type of stem cells administered), (d) clinical 
outcomes (MACE, all-cause mortality, and rehospitaliza-
tion), (e) echocardiographic indices (baseline, final meas-
urements, changes from baseline during follow-up 
period) including LVEF, LVEDV, and LVESV, and (f ) the 
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baseline and follow-up values of 6MWT and BNP. The 
clinical outcomes and echocardiographic indices were 
extracted at the longest available follow-up.

The quality assessment of the eligible studies was con-
ducted using the Cochrane Collaboration’s tool for evalu-
ating bias in randomized trials [18]. The included RCTs 
each underwent quality assessment and were assigned 
to categories of high, low, or some concerns risk of bias 
within various domains. A total risk of bias was then 
assigned to each of the studies based on the risk of bias 
within each domains. Risk of Bias plots were generated 
using “Risk-of-bias visualization (robvis)” R package [19].

Data synthesis and ICEMAN tool assessment
The analyses performed for the present study was under-
taken in R software version 4.3.2 with “meta” and “meta-
phor” packages being used. For binary outcomes, the 
number of events and total sample size were used to 
perform the analysis and generate a risk ratio (RR) and 
its corresponding 95% confidence interval (CI) with 
Mantel–Haenszel method being used. For continu-
ous outcomes, based on the pre-post intervention data, 
a mean difference (MD) and standard error of the MD 
were calculated and inserted for the analysis with inverse 
variance method. We used both BNP and N-terminal 
proBNP (NT-proBNP) levels and since there is difference 
in measurement scales between the two parameters, we 
used standardized mean difference (SMD) to pool the 
results. For both types of outcomes, the random effects 
model was used. The outcomes were analyzed for both 
an overall effect and subgroup difference. The studies 
were stratified based on the type of the stem cell used 
(BMMNC vs. MSC) to test for any potential difference 
between the subgroups in all the analyses. A subgroup 
analysis was also conducted to investigate the difference 
between the routes of injection. For better evaluation of 
potential differences between the two types of stem cells, 
we used Instrument to assess the Credibility of Effect 
Modification Analyses (ICEMAN) in meta-analysis of 
randomized controlled trials. It is consisted of a total 
of eight questions to assess the credibility of the results 
and for each outcome, a total rating is given based on 
the answers to each questions [20]. The p-values were 
reported for the overall effect and subgroup differences. 
The statistical significance was met if the pooled estimate 
did not cross the null zone.

Results
Characteristics of the included studies
A total of 20 randomized controlled trials involving 
BMMNCs (622 participants receiving stem cell and 
495 controls) [14, 21–39] and 17 trials [24, 40–55] with 
MSCs (927 receiving stem cells and 757 controls) were 

considered eligible for meta-analysis. The search of Sco-
pus, PubMed, and Embase library yielded a total of 7316 
citations. After adjusting for duplicates, 5393 records 
remained. Upon abstract review and screening, it was 
determined that 5147 of these studies did not fulfill the 
established criteria and were consequently excluded. 
The full-text of the remaining 246 citations underwent a 
detailed examination. It was determined that 211 studies 
did not meet the inclusion criteria as described and were 
subsequently discarded.

The final selection for the systematic review and meta-
analysis comprised 36 studies (one study including data 
for both MSCs and BMMNCs [24]), all of which were 
randomized controlled trials (Fig.  1). In the included 
MSCs studies, the origin of the cells was diverse: Seven 
studies [24, 41–43, 45, 46, 53] utilized autologous bone 
marrow, while four studies [44, 47, 48, 54] employed 
allogenic bone marrow. MSCs derived from adipose tis-
sue were used in three studies [49–51], and three stud-
ies used allogenic MSCs from umbilical cord [40, 52, 
55]. The sample size ranged from 16 to 537 patients with 
HF. The lowest and highest LVEF among groups were 
16.2 ± 6.0 and 54.0 ± 8.0, respectively. Table 1 provides an 
overview of the data pertaining to each individual study. 
This includes information such as the countries where 
the studies were conducted, the sample sizes used in each 
study, and the mean age range of the participants. Addi-
tionally, it also details the type of cells used in each study, 
among other relevant factors.

Risk of bias
Utilizing the Cochrane Collaboration’s tool for Risk 
of bias (ROB) assessment, a diverse range of bias risk 
across the evaluated studies was revealed. On average, 
nearly 44% of the studies were classified as having a low 
risk of bias. Approximately 28% of the studies fell into 
the category of “Some Concerns” risk of bias and 28% of 
the studies were identified as having a high risk of bias. 
A total of thirteen studies provided a comprehensive 
description of all domains as per the Cochrane Collabo-
ration’s tool. Figure  2 and Figure S1 provide visual rep-
resentations of ROB assessment of each study in every 
domain.

Clinical outcomes following stem cell therapy
A total of 33 studies (1402 patients in the stem cell 
group and 1166 patients in the control group) reported 
data regarding mortality. Pooled estimate showed a 
18% decrease in the risk of all-cause mortality in the 
stem cell group compared with the controls (RR (95% 
CI) = 0.82 (0.68, 0.99), p = 0.04). Although the RR of 
mortality was marginally significant, BMMNC and 
MSC therapy could not decrease the risk of mortality 
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in the longest follow-up period (BMMNC: RR (95% 
CI) = 0.84 (0.54, 1.32), MSC: RR (95% CI) = 0.83 (0.69, 
1.01), between-subgroup p = 0.96). Stem cell therapy 
could not change the risk of long-term MACE com-
pared to the controls (RR (95% CI) = 0.83 (0.64, 1.06), 
p = 0.13) and the subgroups were similar regarding 
risk reduction of MACE (BMMNC: RR (95% CI) = 0.59 
(0.31, 1.13), MSC: RR (95% CI) = 0.91 (0.70, 1.19), 
between-subgroup p = 0.12). The transplantation of 
stem cells resulted in a marginally significant decrease 
in the risk of rehospitalization in long-term follow-up 
(RR (95% CI) = 0.77 (0.61, 0.98), p = 0.04) with no differ-
ence between subgroups (p = 0.68) (Fig. 3).

Echocardiographic parameters
After inclusion of 17 studies performing BMMNC 
therapy and 16 studies with MSC transplantation, stem 
cell transplantation resulted in a significant increase 
in LVEF compared with the control group (MD (95% 
CI) = 2.94% (1.71, 4.17), p < 0.001). Both subgroups of 
BMMNCs and MSCs were effective in increasing LVEF 
although there was not a statistically significant dif-
ference between the subgroups (BMMNC: MD (95% 
CI) = 3.05% (1.11, 4.99), MSC: MD (95% CI) = 2.82% 
(1.19, 4.45), p = 0.86). There was no statistically signifi-
cant difference in LVEDV change following stem cell 
therapy compared with the control group (MD (95% 

Fig. 1  PRISMA flowchart demonstrating the search and screening process
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CI) = -4.11 (-10.35, 2.12), p = 0.20) with no difference 
across subgroups (p = 0.71). Regarding the change in 
LVESV, transplantation of stem cells was concomitant 
with a statistically significant decrease in LVESV (MD 
(95% CI) = -8.02 (-13.24, -2.80), p < 0.001) mainly driven 
from MSC therapy rather than BMMNC transplanta-
tion (BMMNC: MD (95% CI) = -9.16 (-18.98, 0.66), 
MSC: MD (95% CI) = -8.57 (-13.44, -3.71), p = 0.92) 
(Fig. 4).

6‑min walk test and brain natriuretic peptide
The results of the 6MWT from 18 studies were pooled 
and the estimate showed no statistically significant dif-
ference between stem cells and control group (MD (95% 
CI) = 21.91 (-3.22; 47.03), p = 0.09). No noticeable differ-
ence was also observed among the two types of stem cells 
(BMMNC: MD (95% CI) = 21.84 (-30.70, 74.39), MSC: 
MD (95% CI) = 20.37 (-8.06, 48.80), p = 0.96). After pool-
ing the results of 14 studies reporting the changes in BNP, 
stem cell therapy led to a significant decrease in BNP 
levels compared with placebo (SMD (95% CI) = -0.29 
(-0.55; -0.04), p = 0.02) although no difference was shown 
between BMMNCs (SMD (95% CI) = -0.40 (-0.87; 0.08)) 
and MSCs (SMD (95% CI) = -0.20 (-0.43; 0.04)) (Fig. 5).

Route of stem cell delivery
The routes of injection included intracoronary, 
intramyocardial, through graft vessel during coro-
nary artery bypass grafting (CABG), transendocardial, 
and intravenous. Regarding LVEF, all of the injection 
routes including intracoronary, intramyocardial, and 
transendocardial could improve the ventricular func-
tion significantly. In terms of MACE, the transendocar-
dial injection of stem cells was superior compared with 
other cell types. For other outcomes, there was no con-
siderable difference among subgroups (Figure S2-S9).

ICEMAN credibility assessment
According to Table  2, all the included variables were 
assessed by the ICEMAN instrument. Except for one of 
the studied parameters (LVESV), the endpoints of inter-
est were unlikely to have different magnitude of effect 
across the two subgroups (BMMNC and MSC) and 
therefore, they were rated as “likely no effect modifica-
tion”. For LVESV, the MSC subgroup showed superior 
results compared with BMMNC as BMMNCs could not 
demonstrated a statistically significant change in LVESV 
compared with their controls.

Discussion
In this systematic review and meta-analysis, which 
included 35 clinical trials, effectiveness of stem cell 
transplantation therapy using mesenchymal stem cells 
(MSCs) or bone marrow-derived mononuclear cells 
(BMMNCs) in heart failure patients was assessed 
and compared using different clinical outcomes and 
echocardiographic indices. The primary findings of 
this meta-analysis are as follows: (1) The combined 
effect from these clinical trials supports the hypoth-
esis that both MSC and BMMNC therapy are effective 
in increasing LVEF, with estimates slightly favoring 
BMMNCs (MD of 3.05% vs 2.82%), however there 
is no statistically significant difference between the 
effects of the interventions (p = 0.86). (2) The improve-
ment in LVEF was not translated to superior results 
of stem cells compared with placebo regarding MACE 
although a marginally significant decrease in the risk 
of all-cause mortality and rehospitalization was noted 
compared with placebo. (3) Other secondary outcomes 
and indices extracted from the studies were also pooled 
to make a better comparison between the efficacy of 
MSCs and BMMNCs, however no statistical difference 
was observed between MSCs and BMMNCs groups 
in any of the indices (p-value of interaction ranging 

Fig. 2  Risk of bias assessment
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from 0.12 to 0.96). Based on our current understand-
ing, although there have been meta-analyses which 
compared these cell types as a part of their subgroup 
analysis [56], analyses performed may have been under-
powered, with few studies in each group. Subsequently, 
this meta-analysis represents a more inclusive investi-
gation comparing the impact of these two distinct cell 

therapies in patients suffering from heart failure. Our 
results demonstrated that although the stem cells may 
result in a significant increase in LVEF, it may not cause 
a decrease in the rates of long-term MACE and future 
randomized trials powered to assess clinical outcomes 
are needed to evaluate the efficacy of stem cells com-
pared with placebo in HF patients.

Fig. 3  Forest plot demonstrating the comparison of stem cell transplantation compared with placebo stratified by the type of cell A: MACE, 
B: all-cause mortality, and C: rehospitalization for heart failure (MACE: major adverse cardiovascular events, RR: risk ratio, CI: confidence interval, 
BMMNC: bone-marrow mononuclear cell, MSC: mesenchymal stem cell)
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Prior studies have shown that MSC treatment 
exhibits remarkable efficacy in enhancing echocardi-
ographic parameters among patients with acute myo-
cardial infarction [57]. Similarly, BMMNC treatment has 

demonstrated comparable effects, showing promise as a 
viable therapeutic approach for patients with heart fail-
ure [58]. A meta-analysis done by Kalou et al. [59], was 
conducted to determine the efficacy of MSCs for heart 

Fig. 4  Forest plot demonstrating the comparison of stem cell transplantation compared with placebo stratified by the type of cell A: LVEF, B: LVEDV, 
and C: LVESV (LVEF: left ventricular ejection fraction, LVEDV: left ventricular end-diastolic volume, LVESV: left ventricular end-systolic volume, MD: 
mean difference, CI: confidence interval, BMMNC: bone-marrow mononuclear cell, MSC: mesenchymal stem cell)
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failure treatment. Results from that study showed that 
treatment with MSCs resulted in a significant improve-
ment in LVEF, with an increase of 4.43% when compared 
to the control groups [59]. Another systematic review 
and meta-analysis done by Fan et al. [60], made a pooled 
analysis of several indices to investigate efficacy of MSCs 
therapy in systolic heart failure. According to their study, 
MSCs therapy increased LVEF by 5.25% compared to the 
placebo group. The TAC-HFT trial was a randomized 
study including a direct comparison of MSCs with 
BMMNCs showing better function of MSCs in terms of 
reducing the infarct size and improving regional myocar-
dial infarction compared with BMMNCs and placebo but 
no difference regarding LVEF change[24]. Regarding the 
subject of LVEF, the findings of these studies align with 
the results of our meta-analysis. An interesting finding in 
our analysis was that although both cells were proved to 
increase LVEF, there was no superior type of cell and this 
was further confirmed with assessing the credibility of 
the results using ICEMAN tool. It should be mentioned 
that a meta-analysis comparing MSCs and BMMNCs 
showed that MSCs may have better efficacy regarding 
LVEF in the setting of acute myocardial infarction [61] 
but according to this study, this was not the case for 
patients with chronic heart failure.

The findings from our meta-analysis suggest that treat-
ment with MSCs and BM-MNCs is linked to a notable 
enhancement in LVEF and LVESV, as pooled mean dif-
ferences of LVEF and LVESV both excluded the null 
zone and were statistically significant regardless of the 
type of cell therapy. However, overall mean difference of 

LVEDV was not statistically significant in any of the sub-
groups. A systematic review and meta-analysis carried 
out by Wang et al. [62], also found similar outcomes for 
these three echocardiographic parameters following stem 
cell transplantation. This consistency of results further 
substantiates the notion that, for reasons yet to be fully 
understood and further investigated, the transplantation 
of MSCs or BM-MNCs appears to improve ventricular 
function by increasing LVEF and reducing LVESV with-
out having any considerable effect on LVEDV.

An earlier meta-analysis conducted by Fisher et  al. 
concluded that cell therapy could decrease the risk of all-
cause mortality with a medium grade efficacy [56]. How-
ever, our analysis does not support the previous finding. 
The combined risk ratio of all cell therapies (RR 0.82, 95% 
CI 0.68 to 0.99) for all-cause mortality was statistically 
significant and excluded the null zone but indicated a 
small grade efficacy that is borderline trivial. On the other 
hand, the combined effect size of BMMNCs (RR 0.84, 
95% CI 0.54 to 1.32) and MSCs therapy (RR 0.83, 95% CI 
0.69 to 1.01) suggests that the impact of this intervention 
on all-cause mortality is not even statistically significant. 
This rather considerable discrepancy between our study 
and Fisher et  al., might be due to the larger number of 
participants in our study.

The pooled analysis on major adverse cardiac events 
(MACE) rates yielded no statistically significant differ-
ence between any of the cell therapy groups and the pla-
cebo, nor was there a significant difference among the 
cell therapy groups themselves. However, looking at the 
combined effect size from all studies, stem cell therapy 

Fig. 5  Forest plot demonstrating the comparison of stem cell transplantation compared with placebo stratified by the type of cell A: 6MWT and B: 
BNP (6MWT: 6-min walk test, BNP: B-type natriuretic peptide, SMD: standardized mean difference, MD: mean difference, CI: confidence interval, 
BMMNC: bone-marrow mononuclear cell, MSC: mesenchymal stem cell)
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can have a marginal effect in reducing the rate of rehos-
pitalization (RR 0.77, 95% CI 0.61 to 0.98) in patients 
receiving it compared to placebo. Also, the pooled esti-
mate showed a marginally significant risk reduction of 
all-cause death by 18% compared with placebo. This is 
the first meta-analysis comparing the clinical outcomes 
between MSCs and BMMNCs using randomized trials. 
Our results are consistent with a previous meta-analysis 
that showed MSCs could not reduce the risk of adverse 
clinical events[60]. The mentioned study showed bet-
ter outcomes regarding readmission in comparison to 
the control group after inclusion of five trials. It is note-
worthy that our analysis included 12 studies in the MSC 
subgroup which may have yielded more reliable results 
compared to previous ones and showed no difference 
efficacy compared with placebo. Furthermore, although 
the contemporary evidence has shown no superior effi-
cacy of stem cells compared with placebo in HF patients, 
the majority of the trials were not powered to assess the 
clinical outcomes and this may have led to the non-sig-
nificant results. Also, a previous meta-analysis has shown 
the better cardiovascular outcomes after BMMNC ther-
apy in the setting of acute myocardial infarction[63]. 
Future well-designed and large-scale trials should pri-
marily focus on clinical outcomes to assess if improve-
ment in echocardiographic indices can be translated into 
favorable clinical outcomes or not.

Previous studies have presented 6MWT and BNP as 
potential prognostic factors in patients with heart failure. 
It has been demonstrated that each 100 pg/mL increase in 
BNP levels can increase the hazard of adverse outcomes 
by 14% [64, 65]. Our results showed that stem cell therapy 
can cause a more considerable decrease in serum BNP 
compared with no stem cell transplantation although no 
apparent difference was noted between BMMNCs and 
MSCs. Regarding the distance walked during 6MWT, 
stem cell group could increase the distance of 6MWT by 
21.9 m but this difference was marginally non-significant. 
Also, there was no difference among the stem cell groups. 
It can be assumed that although stem cell transplanta-
tion may result in improvements in prognostic factors 
(as demonstrated by reduction in BNP levels and margin-
ally non-significant improvement in 6MWT), there may 
be no superior type of stem cell in this regard and these 
results present opportunities for future investigations in 
randomized trials.

The primary limitation of this meta-analysis, similar 
to any review, lies in the fact that there is a lack of uni-
formity across studies in terms of the patient popula-
tion, the implementation of the intervention, and the 
definitions of outcomes. Another limitation of our study 
was the fact that the quality of the studies varied. In the 
majority of the trials, the process of randomization was 

executed appropriately. However, there were three stud-
ies that did not clearly indicate that their data analysis 
was conducted in accordance with the intention-to-treat 
principle. This omission could potentially result in an 
overestimation of the treatment effect in these particu-
lar trials. Moreover, head-to-head comparison of cell 
types was not performed in any of the studies except one, 
hence, the only way to compare MSCs vs. BMMNCs was 
through subgroup analysis and the test to spot any dif-
ference between subgroups. Also, many of the included 
trials were focused on echocardiographic indices rather 
than long-term clinical outcomes and hence, they were 
not powered to compare clinical outcomes.

Conclusion
In conclusion, we showed that both MSCs and BMMNCs 
were effective in terms of improving LVEF and decreas-
ing BNP compared with placebo in patients with chronic 
heart failure and no apparent difference was observed 
between the two types of cells. Transplantation of MSCs 
and BMMNCs was not translated into better MACE but 
a marginally significant improvement in rehospitaliza-
tion and all-cause mortality at long-term. Future well-
designed randomized trials are warranted to further 
investigate the possible benefits of stem cell therapy in 
patients with heart failure.
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