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Abstract

Background Over the past decade, there has been no clear evidence regarding the comparative effectiveness of
bone-marrow mononuclear cell BMMNC) therapy in patients with chronic heart failure (HF).

Methods We retrieved eligible randomized controlled trials (RCTs) of bone marrow mononuclear cells (BMMNCs)

in patients with heart failure (HF) using a systematic approach of PRISMA guideline and focusing on studies

published between 2015 and 2025. We performed a meta-analysis on clinical outcomes, including major adverse
cardiovascular events (MACE), hospitalization for HF, and mortality, as well as echocardiographic indices, such as left
ventricular ejection fraction (LVEF). The analysis was conducted using a random-effects model. Risk ratios (RR) or mean
differences (MD) with corresponding 95% confidence intervals (Cl) were pooled based on the type of outcome.

Results The analysis pooled data from 379 patients from 7 RCT studies, including 189 patients experienced BM-MNC
and 190 patients in control group. While the stem cell group showed a slight improvement in left ventricular ejection
fraction (LVEF) [MD=-0.73, 95%Cl (-2.14,0.68), P=0.31] at both 3 months [MD=2.34, 95%Cl (-1.94,6.62), P=0.28]

and 1 year [MD=1.69, 95%Cl (-2.29,5.66), P=0.41] compared to controls, these differences did not reach statistical
significance (P> 0.05). Furthermore, stem cell therapy demonstrated no significant benefits in reducing morbidity
[RR=0.99, 95%Cl (0.40, 2.49), P=0.99], mortality [RR=1.55, 95%Cl (0.50,4.85), P=0.45], rehospitalization rates [RR=1.09,
95%Cl (0.63,1.88) P=0.75], or major adverse cardiac events (MACE) [RR=0.59, 95%Cl (0.14, 2.46), P=0.47], as well as
injection route used (P> 0.05 for all outcomes).

Conclusion The analysis of 7 RCTs found no statistically significant benefits of stem cell therapy on LVEF, clinical
outcomes, or MACE, regardless of injection route. Current evidence does not support its routine use; further research
is warranted.

fJingjing Wu and Yangjiu Shi are the first co-author and equally
contributed to this study.

*Correspondence:
Suxia Han
hsx0016@163.com
Xue Yang
yiyushanjv@163.com

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

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12872-025-04938-8
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-025-04938-8&domain=pdf&date_stamp=2025-6-30

Wu et al. BMC Cardiovascular Disorders (2025) 25:486

Page 2 of 13

[Keywords Chronic heart failure, Stem cell therapy, Bone-marrow mononuclear cells, RCT ]

Introduction

Heart failure is a significant global health issue, affecting
millions of individuals and posing a substantial burden
on healthcare systems [1]. Despite advances in medi-
cal therapy, the prognosis for patients with heart fail-
ure remains poor, highlighting the need for innovative
and effective treatments [2]. One promising avenue of
research has been the use of cell-based therapies, spe-
cifically bone marrow mononuclear cells (BMMNCs), to
improve cardiac function and outcomes in patients with
heart failure [3].

Over the past decade, numerous studies have explored
the therapeutic potential of BMMNCs in the context of
heart failure. BMMNC:s are a heterogeneous population
of cells derived from bone marrow that include hemato-
poietic stem cells and other progenitor cells. These cells
have demonstrated potential benefits in improving car-
diac function through mechanisms such as neovascular-
ization and anti-inflammatory effects [4]. For instance,
a recent meta-analysis of 36 RCTs (1549 HF patients
receiving stem cells and 1252 patients in the control
group) showed that BMMNC transplantation resulted
in a significant improvement in left ventricular ejec-
tion fraction (LVEF) [MD (95% CI)=3.05 (1.11; 4.99)].
However, stem cell therapy did not lead to a significant
change in the risk of major adverse cardiovascular events
(MACE) [RR (95% CI)=0.59 (0.31; 1.13)]. There was a
marginally decreased risk of all-cause death [RR (95%
CI)=0.84 (0.54; 1.32)] and rehospitalization [RR (95%
CI)=0.77 (0.61; 0.98)] with no significant difference
among the cell types [5].

Several randomized controlled trials (RCTs) have been
conducted to compare the efficacy and safety of BMMNC
transplantation versus control treatments in patients
with heart failure. A study published in 2021 found that
BMMNCs demonstrated significant restorative effects
on right ventricular (RV) hemodynamics and vascular
remodeling in a monocrotaline (MCT) model of pulmo-
nary arterial hypertension [6]. Another study reported
that a single dose of CardiAMP Cell Therapy, which uti-
lizes BM-MSCs, showed increased survival and reduced
major adverse cardiac and cerebrovascular events
(MACCE) in patients with ischemic heart failure [7].

Given these findings, there is a need for a comprehen-
sive meta-analysis to synthesize the available evidence
and provide a more definitive answer regarding the com-
parative effectiveness of BMMNC transplantation versus
control treatments in heart failure. In this meta-analysis,
we aim to systematically review and synthesize the data
from RCTs published between 2015 and 2025 that com-
pare the efficacy and safety of BMMNC transplantation

versus control treatments in patients with heart failure.
By pooling the results of these studies, we hope to pro-
vide a clearer understanding of the relative benefits and
risks of BMMNC transplantation, thereby informing
clinical practice and guiding future research directions in
the field of regenerative medicine for heart failure.

Materials and methods

Inclusion and exclusion criteria

We included randomized controlled trials (RCTs) com-
paring single BMMNC to heart failure, published in
between 2015 and 2025, and available in full text from
SCOPUS, Cochrane Library, and PubMed. Studies were
required to report LVEF 3 months to 1 year, MACE, mor-
bidity, mortality and route of injection.

We excluded non-RCTs, studies lacking relevant out-
come data, duplicate or overlapping data, non-compar-
ative studies, non-human studies, and unpublished data.
These criteria ensured the included studies were method-
ologically sound and relevant to our research question.

Data collection and methodology

We used the PRISMA standards in this study to make
sure that the process of selecting articles was rigorous
and organized [8]. Two separate reviewers who per-
formed thorough searches in SCOPUS, MEDLINE, the
Cochrane Library, and PubMed were part of our process.
In order to make sure that our meta-analysis contained
only reliable, peer-reviewed data, we eliminated con-
ference papers and case reports because of their poor
generalizability.

PICO
Population
Patients with chronic heart failure (HF).

Intervention
Bone-marrow mononuclear cell (BMMNC) therapy.

Comparison
Control group receiving standard care without BMMNC
therapy.

Outcome

The primary outcomes include major adverse cardiovas-
cular events (MACE), hospitalization for heart failure,
and mortality, while the secondary outcome focuses on
improvement in left ventricular ejection fraction (LVEF)
as measured by echocardiography
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Data extraction

Two researchers independently searched the included
studies. A unified data extraction table was developed to
extract the main data. The relevant information included
the first author, publication year, country, sample size
(BMMNC and Control), mean age (BMMNC and Con-
trol), and percentage of male (BMMNC and Control),
and route of delivery (Intracoronary or Intramyocardial)
as shown in Table 1. Two researchers resolved differences
conferring with each other, and, if necessary, disagree-
ments were settled by a third reviewer or by reaching a
consensus. avoiding deviations caused by subjective fac-
tors of the extractors.

Statistical analysis

We conducted our meta-analysis using RevMan 5.4. For
dichotomous outcomes, we used the Mantel-Haenszel
method to calculate pooled risk ratios (RR) with 95%
ClIs, weighting studies by the inverse of their variance
to account for sample size and variability differences.
For continuous outcomes, we applied the inverse vari-
ance method to estimate pooled mean differences (MD)
and 95% CIs. Both approaches prioritize studies with
lower variance, enhancing precision in the meta-analysis.
Heterogeneity was assessed using Q statistics for detec-
tion and I” values for quantification, with a significance
threshold set at P<0.05.

Results

Patient characteristics

Using the search terms “Bone marrow,” “Mononu-
clear cell and “RCT; we identified 7,316 records from
PubMed, Scopus, MEDLINE, and Cochrane Library.
After removing 5,393 duplicates, 1,923 articles under-
went title/abstract screening. Of these, 1,916 were
excluded for irrelevance (e.g., non-comparative studies,
case reports, books, or inappropriate study designs). The
remaining 7 full-text articles were retrieved for eligibility
assessment (Fig. 1).

Table 1 Characteristics of the included studies
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Risk of bias in studies

The risk of bias was assessed by two independent review-
ers using the built-in Risk of Bias tool in RevMan [16],
including random sequence generation, allocation con-
cealment, binding of participant and personnel, binding
of outcome assessment, incomplete outcome data, selec-
tive reporting and overall risk of bias as shown in Figs. 2
and 3.

Morbidity

We conducted a meta-analysis of three studies reporting
morbidity, defined as the occurrence of >1 post-operative
complication (e.g., surgical site infection, pneumonia,
or sepsis). The analysis included 60 patients in the BM-
MNC group and 60 patients in the control group. How-
ever, the results did not reach statistical significance, with
a heterogeneity of 0%. The relative risk ratio (RR) was
0.99, with a 95%CI of (0.40, 2.49), and a p-value of 0.99
(Fig. 4A, B).

Mortality

Data from two studies were analyzed to assess mortal-
ity, with a total of 30 patients in the BM-MNC group (6
events) and 33 patients in the control group (4 events).
However, the comparison between the two groups did
not yield a statistically significant result. The relative risk
(RR) was 1.55, with a 95% (CI) (0.50, 4.85) and a p-value
of 0.45. Additionally, the heterogeneity was 0%, as illus-
trated in Fig. 5A and B.

Rehospitalization

Data from seven studies were pooled to compare rehos-
pitalization rates between the BM-MNC group and the
control group. A total of 189 patients were included in
the BM-MNC group, with 22 rehospitalizations, and 190
patients were in the control group, with 20 rehospitaliza-
tions. However, the analysis did not reveal a statistically
significant difference between the two groups. The rela-
tive risk (RR) was 1.09, with a 95% confidence interval
(CI) of (0.63, 1.88) and a P-value of 0.75. Moreover, the
heterogeneity across the studies was 0% as shown in Fig.
6A and B.

Study Year Country Sample size Mean age Percentage of male  Route of delivery
BMMNC Control BMMNC Control BMMNC Control

Hamshere [9] 2015 United Kingdom 15 15 577+123 5494109 67 60 Intracoronary
Lehtinen [10] 2015 Finland 20 19 69.3+9.9 69.0+11.2 NA NA Intramyocardial
Martino [11] 2015 Brazil 82 78 51+11 496+11.1 73 68 Intracoronary
Trifunovic [12] 2015 Serbia 15 15 53.8+10.1 60+6.8 93 93 Intramyocardial
Wang [13] 2015 China 17 16 65.6+4 655+5.6 45 45 Intramyocardial
Choudhury [14] 2017 United Kingdom 30 30 63.7+95 61.6+108 97 97 Intracoronary
Mann [15] 2019 Netherland 19 20 65.0+7 65+8 100 95 Intramyocardial

BMMNC Bone-marrow mononuclear cell, NA not available
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Record identified through database
(n=7316)

Identification

Record after duplicate removed
(n=5393)

Screening
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Irrelevant article,
Inappropriate design/case

Full text articles assessed for
eligibility criteria (n=246)

Eligibility

report/population/review/books/
documents excluded (n=5147)

Not in English, Not on Human,
Not RCT or NRCT, doesn’t
compare BMMNC VS control,

Studies included in gualitative
synthesis (n=7)

k.

Studies included in quantitative
analysis for Meta-analysis (n=7)

Included

Fig. 1 Prisma flow chart
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Fig. 2 Risk of bias

Major adverse cardiovascular events MACE (route of
injection)

We evaluated Major Adverse Cardiovascular Events
(MACE) based on the route of injection using data from
two selective studies. A total of 43 patients received BM-
MNC injections, with 2 experiencing MACE, while 44
patients were in the control group, with 4 experiencing
MACE. The results indicated no significant difference
between the groups, with a relative risk (RR) of 0.59, a
95%CI of (0.14, 2.46), and a P-value of 0.47. Additionally,
the heterogeneity was 0%, as shown in Fig. 7A and B.

Hospital based (route of injection)

Data from two studies hospital-based were analyzed to
compare the outcomes of different routes of injection. A
total of 30 patients received BM-MNC injections, with 6
experiencing the event of interest, while 33 patients were
in the control group, with 4 experiencing the event. The
analysis revealed no significant difference between the
two groups, with a relative risk (RR) of 1.55, a 95% con-
fidence interval (CI) of (0.50, 4.85), and a p-value of 0.45.
Additionally, the heterogeneity across the studies was 0%,
as illustrated in Fig. 8A and B.
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Fig. 3 Risk of bias graph summary
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BM-MNC Control Risk Ratio Risk Ratio
A Study or Subgroup _ Events Total Events Total Weight M-H. Fixed. 95% Cl Year M-H. Fixed. 95% CI
Hamshere 2015 2 13 314 386% 0.72[0.14,3.64] 2015 —
Wang 2015 5 17 3 16 #13%  157[0.45,552) 2015 —T—
Choudhury 2017 0 30 1 30 201% 0.33[0.01,7.87) 2017 -
Total (95% CI) 60 60 100.0%  0.99 [0.40, 2.49] B
Total events 7 7
Heterogeneity: Chi*=1.12, df= 2 (P = 0.57); F= 0% f = f =
. N 0.01 0.1 1 10 100
Testfor overall effect: Z= 0.02 (P = 0.99) BUING Control
B 0__SE(I09[RR)) P
o.51 ’// ; - \\\\
”” o : \‘\\
s x’/ : \\‘\
,” = : \\‘
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Fig. 4 A Forest plot for the comparisons between BM-MNC versus control group. In which total shown the total number of patient and event shown
the performed procedure, 7/60 patients in the BM-MNC group and 7/60 patients in the control group. Risk ratio gives the estimated standardized mean
difference and its [RR=0.99, 95%Cl (0.40,2.49), P=0.99]. B Funnel plot for morbidity.
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BM-MNC Control Risk Ratio Risk Ratio
A _Study or Subgroup  Events Total Events Total Weight M-H, Fixed. 95%Cl Year M-H.Fixeld.QS%Cl
Lehtinen 2015 213 117 2119% 262(027,2581) 2015 .
Wang 2015 4 17 316 781%  1.25(0.33,4.76] 2015
Total (95% Cl) 30 33 100.0%  1.55[0.50,4.85]
Total events ] 4
Heterogeneity: Chi*= 0.30, df= 1 (P = 0.59); F= 0% f - = =
ey N 0.01 01 1 10 100
Testfor overall effect Z=0.76 (P = 0.45) BMING Control
B 0__SE(|OQ[RR]) S
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Fig. 5 A Forest plot for the comparisons between BM-MNC versus control group. In which total shown the total number of patient and event shown
the performed procedure, 6/30 patients in the BM-MNC group and 4/33 patients in the control group. Risk ratio gives the estimated standardized mean
difference and its [RR=1.55, 95%Cl (0.50,4.85), P=0.45]. B Funnel plot for mortality

BM-MNC Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95%Cl Year M.H, Fixed, 95% CI
A Hamshere 2015 2 13 0 14 22% 5.36([0.28,10212] 2015 >
Lehtinen 2015 2 13 1 17 4.0% 262[0.27,2581] 2015
Martino 2015 13 82 11 78 523%  1.12[0.54,2.36] 2015 ——
Trifunovi¢ 2015 2 15 4 15 186% 0.50([0.11,2.33] 2015 - = I
Wang 2015 1 17 0 16 24% 2.83[0.12,64.89) 2015
Choudhury 2017 0 30 1 30 7.0% 0.33[0.01,7.87] 2017
Mann 2019 2 19 3 20 136% 0.70([0.13,3.75] 2019 [ (—
Total (95% CI) 189 190 100.0% 1.09 [0.63, 1.88]
Total events 22 20
Heterogeneity: Chi*= 3.84, df= 6 (P = 0.70); F= 0% b t ' t {
= - 0.01 0.1 1 10 100
Test for overall effect: Z=0.32 (P =0.75) BM-MNC Control
B o SEdogalRRD =
0.5 // : \\
7 (=] Ry
r” o \\\
14 ’/' \\
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Fig.6 A Forest plot for the comparisons between BM-MNC versus control group. In which total shown the total number of patient and event shown the
performed procedure, 22/189 patients in the BM-MNC group and 20/190 patients in the control group. Risk ratio gives the estimated standardized mean
difference and its [RR=1.09, 95%Cl (0.63,1.88) P=0.75]. B Funnel plot for rehospitalization.
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BM-MNC Control Risk Ratio Risk Ratio
A _Study or Subgroup _ Events Total Events Total Weight M-H. Fixed.95%Cl Year M-H, Fixed. 95% CI
Hamshere 2015 2 13 3 14 658%  0.72(0.14,3.64) 2015 —
Choudhury 2017 0 30 130 342% 0.33[0.01,7.87 2017 -
Total (95% CI) 43 44 100.0% 059 [0.14, 2.46] sl
Total events 2 4
Heterogeneity. Chi*= 0.18, df=1 (P = 0.67); F= 0% = t f =
o A 0.01 0.1 1 10 100
Test for overall effect Z= 0.73 (P= 0.47) BMMING Control
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Fig. 7 A Forest plot for the comparisons between BM-MNC versus control group. In which total shown the total number of patient and event shown
the performed procedure, 2/43 patients in the BM-MNC group and 4/44 patients in the control group. Risk ratio gives the estimated standardized mean
difference and its [RR=0.59,95% (0.14, 2.46), P=0.47]. B Funnel plot for MACE based on route of injection

BM-MNC Control Risk Ratio Risk Ratio
A _Study or Subgroup _ Events Total Events Total Weight M-H. Fixed. 95% Cl M-H, Fixed, 95% CI
Lehtinen 2015 2 13 1 17 219% 2.62[0.27,25.81) —
Wang 2015 4 17 316 781%  1.25(0.33,4.76)
Total (95% Cl) 30 33 100.0% 1.55[0.50, 4.85]
Total events 6 4

Heterogeneity: Chi*=0.30, df=1 (P=0.59), F= 0%
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Fig. 8 A Forest plot for the comparisons between BM-MNC versus control group. In which total shown the total number of patient and event shown
the performed procedure, 6/30 patients in the BM-MNC group and 4/33 patients in the control group. Risk ratio gives the estimated standardized mean
difference and its [RR=1.55, 95%Cl(0.50,4.85), P=0.45]. B Funnel plot for hospital based on route of injection



Wau et al. BMC Cardiovascular Disorders (2025) 25:486

Death (route of injection)

Data from seven studies were analyzed to compare the
outcomes of different routes of injection based on mor-
tality. A total of 189 patients received BM-MNC injec-
tions, with 22 deaths, while 190 patients were in the
control group, with 20 deaths. The analysis did not reveal
a statistically significant difference between the two
groups, with a relative risk (RR) of 1.09, a 95% confidence
interval (CI) of (0.63, 1.88), and a p-value of 0.75. Addi-
tionally, the heterogeneity across the studies was 0% as
shown in Fig. 9A and B.

LVEF

Data from six studies were analyzed to compare left ven-
tricular ejection fraction (LVEF). A total of 163 patients
received BM-MNC injections, while 158 patients were
in the control group. The analysis did not reveal a sta-
tistically significant difference between the two groups
[MD=-0.73, 95%Cl (-2.14,0.68), P=0.31]. Additionally,
the heterogeneity across the studies was 0% as shown in
Fig. 10A and B.

After 3-6 months

Data from four studies were analyzed to compare left
ventricular ejection fraction (LVEF) after 3 months post-
operative. A total of 132 patients received BM-MNC
injections, while 126 patients were in the control group.
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The analysis reveals no statistically significant difference
between the two groups [MD =2.34, 95%Cl (-1.94,6.62),
P=0.28]. Additionally, the heterogeneity across the stud-
ies was 78% as shown in Fig. 11A and B.

LVEF after 1 year

Data from four studies were analyzed to compare left
ventricular ejection fraction (LVEF) after 1 year post-
operative. A total of 126 patients received BM-MNC
injections, while 120 patients were in the control group.
The analysis reveals no statistically significant difference
between the two groups [MD =1.69, 95%Cl (-2.29,5.66),
P=0.41]. Additionally, the heterogeneity across the stud-
ies was 78% as shown in Fig. 12A and B.

BMI

Data from four studies were analyzed to compare body
mass index (BMI). A total of 64 patients received BM-
MNC injections, while 64 patients were in the control
group. The analysis didn’t reveal a statistically significant
difference between the two groups [MD=-0.20, 95%Cl
(-1.70,1.29), P=0.79]. Additionally, the heterogeneity
across the studies was 78% as shown in Fig. 13A and B.

BM-MNC Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% Cl M_-H. Fixed, 95% CI
A Choudhury 2017 0 30 1 30 7.0% 0.33[0.01,7.87)
Hamshere 2015 2 13 ] 14 2.2% 5.36[0.28,102.12) »
Lehtinen 2015 2 13 1 17 4.0% 262[0.27,625.81)
Mann 2019 2 19 3 20 13.6% 0.70[0.13, 3.79) - =
Martino 2015 13 82 11 78 523%  1.12[0.54,2.36) ——
Trifunovié 2015 2 15 4 15 186% 0.50[0.11, 2.33) ——
Wang 2015 1 17 0 16 24% 283012 6489
Total (95% Cl) 189 190 100.0% 1.09 [0.63, 1.88]
Total events 22 20
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Fig.9 A Forest plot for the comparisons between BM-MNC versus control

group. In which total shown the total number of patient and event shown the

performed procedure, 22/189 patients in the BM-MNC group and 20/190 patients in the control group. Risk ratio gives the estimated standardized mean
difference and its [RR=1.09, 95%Cl (0.63,1.88), P=0.75]. B Funnel plot for death based on route of injection
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A BM-MNC Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random.95%Cl Year IV, Random, 95% CI
Hamshere 2015 329 1646 15 297 81 14 22% 3.20[6.40,12.80] 2015 }
Trifunovic 2015 353 39 15 365 53 15 179% -1.20[4.53,213] 2015 - =1
Martino 2015 238 7.2 82 247 7 78 410% -080[3.10,1.30] 2015 ——
Duan 2015 34 446 17 3475 289 16 305% -0.75[-3.30,1.80] 2015 —
Choudhury 2017 N7 88 15 347 101 15 43% -3.00[9.78 3.78) 2017
Mann 2019 326 123 19 29 97 20 41% 360(-3.38,1058 2019
Total (95% Cl) 163 158 100.0% -0.73[-2.14,0.68] q'
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Fig. 10 A Forest plot for the comparisons between BM-MNC versus control group. In which total shown the total number of patient and event shown
the performed procedure, 163 patients in the BM-MNC group and 158 patients in the control group. [MD=-0.73, 95%Cl| (—2.14,0.68), P=0.31]. B Funnel

plot for LVEF
A BM-MNC Control Mean Difference Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV. Random.95%Cl Year IV, Random, 95% CI
Martino 2015 229 81 82 252 65 78 319% -2.30[4.57,-0.03] 2015 —
Wang 2015 425 66 17 395 47 16 272%  3.00[-0.89,6.89] 2015 I I E—
Hamshere 2015 383 143 15 2868 999 14 139% 9.62[0.69, 1855 2015 —_—
Mann 2019 M6 7 18 282 48 18 271% 340052732 2019 T —
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Fig. 11 A Forest plot for the comparisons between BM-MNC versus control group. In which total shown the total number of patient and event shown
the performed procedure, 132 patients in the BM-MNC group and 126 patients in the control group. [IMD=2.34, 95%Cl (—1.94,6.62), P=0.28]. B Funnel
plot for LVEF after 3 months
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Fig. 12 A Forest plot for the comparisons between BM-MNC versus control group. In which total shown the total number of patient and event shown
the performed procedure, 126 patients in the BM-MNC group and 120 patients in the control group. [MD=1.69, 95%Cl (-2.29,5.66), P=0.41]. B Funnel
plot for LVEF after one year.
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Fig. 13 A Forest plot for the comparisons between BM-MNC versus control group. In which total shown the total number of patient and event shown
the performed procedure, 64 patients in the BM-MNC group and 64 patients in the control group. [MD=-0.20, 95%Cl (—1.70,1.29), P=0.79]. B Funnel plot
for BMI.
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Discussion

Our meta-analysis, focusing on studies from the last
decade (2015-2025), identified a non-significant trend
toward improved left ventricular ejection fraction (LVEF)
in patients with chronic heart failure (HF) receiving
bone-marrow mononuclear cell (BMMNC) therapy at
3 months and 1-year post-treatment. While this trend
aligns with observations in other recent studies, the lack
of statistical significance (P>0.05) underscores the need
for larger, standardized trials to confirm efficacy and
assess clinically meaningful outcomes such as morbidity
or mortality. For instance, a systematic review and meta-
analysis by Yanbing Tang et al. (2023) demonstrated that
BMMNC transplantation resulted in a statistically sig-
nificant improvement in the National Institutes of Health
Stroke Scale (NIHSS) scores at three months when com-
pared with control groups, although no significant dif-
ferences were observed at six months [17]. This suggests
that while BMMNC therapy may have short-term ben-
efits, its long-term efficacy remains uncertain.

However, our analysis also revealed that BMMNC ther-
apy did not significantly impact major adverse cardiovas-
cular events (MACE), hospitalization for HF, or mortality.
This finding is supported by a recent meta-analysis com-
paring the effectiveness of BMMNCs and mesenchymal
stem cells (MSCs) in HF patients, which found that while
both types of stem cells significantly improved LVEF, nei-
ther led to a significant decrease in MACE or mortality
[5]. This further supports the notion that while BMMNC
therapy can enhance cardiac function, its broader clinical
benefits are limited.

Bone marrow mononuclear cells (BMMNCs) improve
heart failure primarily through paracrine effects by
secreting growth factors and cytokines that promote
angiogenesis, inhibit apoptosis, and reduce inflam-
mation. They also enhance tissue repair by stimulat-
ing endogenous cardiac progenitor cells. Additionally,
BMMNCs exhibit anti-apoptotic and anti-fibrotic prop-
erties, reducing cardiomyocyte death and myocardial
fibrosis. They modulate the immune response to create a
favorable environment for regeneration. While direct dif-
ferentiation into cardiac cells is debated, clinical evidence
shows BMMNC therapy can improve ejection fraction,
reduce scar size, and enhance exercise capacity and qual-
ity of life in heart failure patients [18].

In addition, our meta-analysis did not find a signifi-
cant correlation between BMMNC therapy and changes
in body mass index (BMI). This aligns with findings
from other studies that have investigated the impact of
BMI on various therapeutic interventions. For exam-
ple, a study on the impact of BMI on patient outcomes
in acute myeloid leukemia found no significant differ-
ences in overall survival (OS) or event-free survival (EFS)
between obese and non-obese patients [19]. Similarly, a
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meta-analysis on the relationship between BMI and the
efficacy of immune checkpoint inhibitors (ICIs) in can-
cer patients found no significant association between
BMI and the incidence of immune-related adverse effects
(IRAEs) [20]. These studies suggest that BMI may not
be a significant factor in determining the efficacy of
BMMNC therapy in HF patients.

Furthermore, the heterogeneity of BMMNCs and the
lack of standardized protocols for cell preparation and
administration may contribute to the variability in treat-
ment outcomes. BMMNCs are a heterogeneous group
of cells, including progenitor cells such as hematopoietic
stem cells (HSCs), mesenchymal stromal cells (MSCs),
endothelial progenitor cells (EPCs), and immune cells
such as monocytes, T cells, B cells, and natural killer
cells [21]. Funnel plot asymmetry (Figs. 4, 5 and 6) may
reflect heterogeneity in dosing protocols or patient selec-
tion, emphasizing the need for larger, standardized stud-
ies to clarify therapeutic potential. The optimal number
of cells, route of administration, and number of doses of
cells are still unclear, and further investigation is needed
to determine the most effective treatment protocols.

While our analysis focused on BMMNC:s in heart fail-
ure (HF), it is worth contextualizing their utility against
other stem cell types, such as mesenchymal stem cells
(MSCs) [22]. Unlike BMMNCs, which primarily pro-
mote angiogenesis and paracrine signaling, MSCs exhibit
potent immunomodulatory effects (e.g., enhancing mac-
rophage phagocytosis via migrasome-mediated path-
ways) that may better address inflammatory injury in
acute myocardial infarction (AMI). In AMI, stem cell
efficacy often correlates with acute biomarker modula-
tion (e.g., IL-6, TNF-a suppression), whereas in chronic
HE, structural repair via BMMNCs may dominate [23].
This dichotomy suggests stage-specific therapeutic roles:
MSCs for acute inflammation and infarct stabilization,
and BMMNCs for chronic remodeling. Future studies
could explore combining these cells to target both phases
of cardiac injury.

In summary, our meta-analysis, which included stud-
ies from the last 10 years, provides valuable insights into
the efficacy of BMMNC therapy in chronic HE. While the
therapy did not demonstrate significant improvement in
LVEE, its impact on broader clinical outcomes was also
limited. Future research should focus on exploring the
potential synergistic effects of BMMNC therapy with
other interventions, such as structured nursing care and
advanced risk prediction models. Additionally, further
studies should aim to improve the understanding of the
long-term effects of BMMNC therapy and its integra-
tion into comprehensive HF management strategies. This
multifaceted approach is essential to optimize patient
outcomes and address the complex needs of patients with
chronic heart failure.
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Conclusion

The analysis of 7 RCTs found no statistically significant
benefits of stem cell therapy on LVEF, clinical outcomes,
or MACE, regardless of injection route. Current evi-
dence remains insufficient to recommend routine clini-
cal application at this time; further well-designed studies
are needed to clarify potential benefits and optimize
protocols.
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