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ABSTRACT

Introduction: Studies of the effects of stem cell
therapy on type 2 diabetes mellitus (T2DM)
have not reached consistent results. Our meta-
analysis aimed to systematically evaluate the
efficacy of autologous bone marrow-derived
stem cells (ABM-MNCs) on T2DM.
Methods: We systematically searched PubMed,
EMBASE, Web of Science, and the Cochrane
Library for studies published between 1980 and
May 2018. Two researchers screened the litera-
ture independently following the inclusion and
exclusion criteria. Meta-analysis of the pooled
standard mean difference (SMD) with 95%
confidence interval (CI) was calculated based on
either a fixed- or random-effects model.
Results: We identified six studies with 206
participants investigating the effects of autolo-
gous bone marrow stem cell therapy on T2DM
after screening 102 studies found after the ini-
tial search. According to the pooled estimates,

compared with the control group, after
12-month follow-up the ABM-MNC therapy
group had a lower level of HbA1c (MD, - 1.18;
95% CI, - 1.40 to 0.95) and lower required
insulin dose (MD, - 2.05; 95% CI, - 3.55 to
- 0.55). HbA1c decreased after ABM-MNC
therapy compared with before (12 months: MD,
- 1.22; 95% CI, - 1.43 to - 1.0). We also
observed a significant decrease in insulin
requirement after 3-, 6-, 9-, and 12-month fol-
low-up in the ABM-MNC group, respectively.
Conclusion: Autologous stem cell therapy
showed a beneficial effect on T2DM.

Keywords: Autologous bone marrow-derived
stem cell; Insulin sensitivity; Meta-analysis;
Systematic review; Type 2 diabetes mellitus

INTRODUCTION

Type 2 diabetes mellitus (T2DM) has emerged as
a global epidemic associated with high mor-
bidity and mortality rates [1]. The development
of T2DM is characterized by the progressive
deterioration of glycosylated hemoglobin
(HbA1c) and glycemic control, which can lead
to multiple organ complications and is related
to the gradual degeneration of islet b-cells [2].
The ultimate goal of T2DM treatment is to
preserve the function of islets, reduce HbA1c
values, manage the blood glucose, and mini-
mize the occurrence of complications. The
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current b-cell therapy methods include pan-
creas, islet cell, and stem cell transplantation;
however, the lack of donor resources and
immune rejection limit the clinical application
of pancreas and islet cell transplantations. Stem
cell transplantation is the most promising
option for T2DM treatment. Stem cells are pri-
mordial cells that self-renew and differentiate
into other types of cells, avoiding both immune
rejection and ethical problems, which makes
autologous bone marrow stem cell transplanta-
tion an attractive option [3].

Experimental studies have shown that bone
marrow stem cells can differentiate into islet-like
cells, secrete insulin, andmaintain normal blood
glucose [4]. The evidence for the utility of
autologous bone marrow stem cell transplanta-
tion for T2DM treatment remains controversial.
Estrada et al. [3] observed that autologous bone
marrow along with hyperbaric oxygen therapy
(HBO) significantly decreased the fasting plasma
glucose levels and insulin doses and increased
fasting C-peptide levels after 12 months. Bhan-
sali et al.’s [5] study reported a significant
improvement of fasting and glucagon-stimu-
lated C-peptide levels; however, insulin resis-
tance did not change significantly. A previous
meta-analysis in 2016 included seven studies
involving 224 patients, investigating stem cell
therapy on T2DM for 6 months, and suggested
that HbA1c and C-peptide levels were signifi-
cantly reduced comparedwith baseline levels [6].
Another meta-analysis published in 2015
including 15 trials, and 497 patients showed a
significant decrease in the daily insulin require-
ment at 3, 6, 9, and 12 months [7], but the FPG
and C-peptide values did not change signifi-
cantly. However, the previously published stud-
ies included some limitations such as limited
numbers of trials or limited trials in the subgroup
analysis, inclusion of participants with varying
degrees of glycemic control at baseline, or rela-
tively small sample sizes. Furthermore, new
studies have been published since the latest
meta-analysis that allow more detailed analysis
of the effects in the subgroups.

Therefore, our study aims to critically eval-
uate the safety and efficiency of ABM-MNC
transplantation on T2DM by using an updated
meta-analysis. We hypothesized that ABM-

MNC transplantation could improve the T2DM
biomarkers.

METHODS

Data Sources and Search Strategy

Two authors searched the PubMed, EMBASE,
Web of Science, and the Cochrane Library
databases up to May 2018 for eligible studies,
and the senior author was consulted when there
were discrepancies. The report was performed
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis
(PRISMA) Statement [8]. Search terms included
‘autologous bone marrow-derived mononuclear
cell’ OR ‘autologous bone marrow mononuclear
cell’ OR ‘autologous bone marrow derived
hematopoietic stem cell’ OR ‘autologous bone
marrow-derived stem cell,’ OR ‘autologous bone
marrow-derived stem cell’ and ‘type 2 diabetes
mellitus’ OR ‘T2DM.’ Manual searches of refer-
ence lists and relevant narrative reviews were
also performed. The search was limited to Eng-
lish-language papers and humans. In addition,
‘type 2 diabetes’ was also used as a search term;
however, no additional studies were found.
Gray literature and unpublished studies were
not included. The complete search strategy is
shown in Fig. 1. This article is based on previ-
ously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors.

Selection Criteria

Inclusion criteria were: (1) eligible original
studies with a minimum follow-up period of at
least 6 months after the initiation of therapy [6];
(2) ABM-MNCs as an independent intervention
measure; (3) n[ 5. Exclusion criteria were: (1)
insufficient information concerning evaluation
rates; (2) animal trials; (3) studies designed as
review articles, case reports, editorials, confer-
ence abstracts, and letters. When multiple arti-
cles were published with the same subjects and/
or study designs, we chose the studies with
either a larger sample size or longer follow-up
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period. Each trial was only represented once in
our study to avoid putting more weight on
certain trials.

Data Extraction

A standard data extraction form was used by
two authors independently according to a
standard Cochrane protocol to collect infor-
mation including the following: the first
author, study characteristics (i.e., year of publi-
cation, country), participant characteristics (i.e.,
mean age, sex, sample size, and mean history of
T2DM), regimen used, measured outcomes [i.e.,
HbA1c, C-peptide, glucagon-stimulated C-pep-
tide, fasting plasma glucose (FPG), patients’
insulin requirements]. Whenever necessary,
standard deviations were calculated from stan-
dard errors or confidence intervals. Change
from baseline standard deviation was imputed
using a correlation coefficient method refer-
enced in the Cochrane Handbook for System-
atic Reviews of Interventions. A third author

was consulted when there were discrepancies
about the study inclusion [9].

Statistical Analysis

The weighted mean difference (WMD) was used
to compare continuous variables. Results
reported in median and interquartile range were
converted to mean and standard deviation (SD)
[10, 11]. Summary mean estimates with the
corresponding SDs were derived by the method
of DerSimonian and Laird using a random
effects model [12]. A two-tailed value of
P\ 0.05 was considered statistically significant.
Furthermore, through calculating v2 and I2 sta-
tistical tests, we evaluated heterogeneity among
the outcomes of the included studies. When
effects were observed to be heterogeneous
(I2[50% and P\ 0.10), we used random-ef-
fects models [12]; otherwise, data were assessed
using the fixed-effects model. RevMan 5.0 soft-
ware was used to perform the meta-analysis.

Fig. 1 Flow diagram of the literature search
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RESULTS

Search Results

The electronic search yielded 102 studies for
evaluation. After title and abstract review, 81
published articles were excluded. After the full-
text screening, four studies were excluded
because of the review or case-study design; three
were excluded because they were non-human
studies and four because they were conference
abstracts. We also excluded three studies
because the primary interventions were not
ABM-MNCs. Two studies reported the same
subjects and study designs; therefore, we
excluded the studies with shorter follow-up
periods. Details of the study selection process
are shown in Fig. 1. Finally, six studies reporting
ABM-MNC therapy for T2DM with a total of 114
patients were included in the meta-analysis
through a strict screening process [13–17].

Characteristics of Included Studies

The clinical data of the included studies are
summarized in Table 1; these were published
from 2012 to 2017, with the sample sizes rang-
ing from 7 to 118. Of these six studies, four were
conducted in India and two in China. Inter-
vention regimens included ABM-MNCs and
ABM-MNC HOT. The dose of injected cells
ranged from 382.6 9 107 to 2.8 ± 1.9 9 109,
and the follow-up duration ranged from 6 to
36 months.

Effects of Stem Cell Therapy on HbA1c

Although the levels of HbA1c were available in
all six trials [13–18], only three trials [13–15]
were intentionally designed to enroll patients
with HbA1c B 7.5% to mitigate the effect of
glucotoxicity on b-cell function and insulin
sensitivity. Therefore, we only analyzed three of
the HbA1c trials [16–18]. We observed that an
ABM-MNC therapy group was statistically asso-
ciated with a decreased level of HbA1c com-
pared with the control group after 12 months
(MD, - 1.18; 95% CI, - 1.40 to 0.95; P\ 0.001;
Fig. 2). The estimated pooled MD showed a

modest decrease of HbA1c after 12-month fol-
low-up in the ABM-MNC therapy group com-
pared with baseline (MD, - 1.22; 95% CI,
- 1.43 to - 1.01; P\ 0.001; Fig. 3).

Effects of Stem Cell Therapy on FPG

Information on FPG was available in six trials
[13–18]. No statistically significant differences
were observed between the ABM-MNC group
and control group after 12-month follow-up
(SMD, - 0.30; 95% CI, - 1.36 to 0.75; P = 0.57;
Fig. 4). The random-effects analysis was adopted
owing to the heterogeneity among studies
(I2 = 80%; P\0.10). Similarly, there were no
statistically significant differences in FPG after
3-, 6-, 9-, and 12-month follow-up in the ABM-
MNC group, respectively (Table 2).

Effects of Stem Cell Therapy on Fasting
C-peptide Levels

Three trials [13, 14, 16] studied fasting C-pep-
tide levels. Two studies showed that there was
no significant difference between the ABM-
MNC group and control group after 12-month
follow-up (SMD, 1.05; 95% CI, - 0.72 to 2.82;
P = 0.24; Fig. 5). The estimated pooled MD
showed an increase of fasting C-peptide after
12-month follow-up in the ABM-MNC therapy
group (SMD, 0.99; 95% CI, 0.15 to 1.84;
P = 0.02; Table 3), but the observed increasing
results were not found at the 3- and 6-month
follow-up, respectively (Table 3).

Effects of Stem Cell Therapy on Glucagon-
stimulated C-peptide Levels

Information on glucagon-stimulated C-peptide
was available in four trials involving 58 patients
[13–15, 18]. Two studies showed that there was
no significant difference between the ABM-MNC
group and control group after 12-month follow-
up (SMD, 0.63; 95% CI, - 0.01 to 1.28; P = 0.06;
Fig. 6). In accordance with the fasting C-peptide
level, the estimated pooled SMD showed an
increase of glucagon-stimulated C-peptide after
12-month follow-up in the ABM-MNC therapy
group (SMD, 0.91; 95% CI, 0.38 to 1.44;
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P\ 0.001; Table 4), but not at the 3-month and
6-month follow-up, respectively (Table 4).

Effects of Stem Cell Therapy
on Hyperglycemic Clamps

Only two studies [13, 14] investigated the
hyperglycemic clamp, and we observed a sub-
stantial improvement in the second-phase

C-peptide level in the ABM-MNC group after
6-month follow-up (Table 5).

Effects of Stem Cell Therapy on Insulin
Requirement

Five trials included information on the insulin
requirement with 98 patients [13–16, 18]. There
was a statistically significant decrease between

Fig. 2 HbA1c changes between the ABM-MNC therapy and control group

Fig. 3 HbA1c changes before and after the ABM-MNC therapy after 12-month follow-up

Fig. 4 FPG changes between the ABM-MNC therapy and control group

Table 2 Different stage comparison of FPG before and after ABM-MNC therapy

Items (months) Test for heterogeneity Analysis model Test for overall effect WMD or SMD 95% CI

I2 (%) P Z P

3 0 0.99 Fixed 1.40 0.16 0.40 (- 0.16, 0.96)

6 59 0.06 Random 0.91 0.36 0.34 (- 0.39, 1.08)

9 97 \ 0.001 Random 0.64 0.52 - 0.62 (- 2.50, 1.27)

12 96 \ 0.001 Random 0.98 0.33 - 0.88 (- 2.64, 0.88)
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the ABM-MNC group and control group after
12-month follow-up (MD, - 2.05; 95% CI,
- 3.55 to - 0.55; P = 0.008; Fig. 7). Similarly,
statistically significant decreases were observed
in the insulin requirement after 3-, 6-, 9-, and
12-month follow-up in the ABM-MNC group,
respectively (Table 6).

Effects of Stem Cell Therapy on Insulin
Resistance (HOMA-IR)

Three studies examined the effects of stem cell
therapy on HOMA-IR [13–15]. We did not find a

statistically significant difference between the
ABM-MNC group and control group after
12-month follow-up (MD, - 2.86; 95% CI,
- 9.76 to 4.03; P = 0.42; Fig. 8). No statistically
significant differences were observed in HOMA-
IR after 3-, 6-, and 12-month follow-up in the
ABM-MNC group, respectively, as well (Table 7).

Effects of Stem Cell Therapy on Insulin
Sensitivity (HOMA-S)

Only two studies investigated HOMA-S as an
outcome [13, 14]. No statistically significant

Fig. 5 Fasting C-peptide changes between the ABM-MNC therapy and control group

Table 3 Different stage comparison of fasting C-peptide before and after ABM-MNC therapy

Items (months) Test for heterogeneity Analysis model Test for overall effect WMD or SMD 95% CI

I2 (%) P Z P

3 0 0.87 Fixed 0.69 0.49 - 0.05 (- 0.20, 0.10)

6 0 1.00 Fixed 0.74 0.46 - 0.06 (- 0.23, 0.10)

12 56 0.13 Random 2.30 0.02 0.99 (0.15, 1.84)

Fig. 6 Glucagon-stimulated changes in C-peptide level between the ABM-MNC therapy and control group

Table 4 Different stage comparison of glucagon-stimulated C-peptide levels before and after ABM-MNC therapy

Items (months) Test for heterogeneity Analysis model Test for overall effect WMD or SMD 95% CI

I2 (%) P Z P

3 0 0.97 Fixed 0.71 0.48 - 0.11 (- 0.43, 0.20)

6 46 0.14 Fixed 2.00 0.05 0.48 (0.01, 0.95)

12 0 0.60 Fixed 3.36 \ 0.001 0.91 (0.38,1.44)
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differences were observed in HOMA-S after
3-month and 6-month follow-up in the ABM-
MNC group (Table 8).

Effects of Stem Cell Therapy on b-cell
Function (HOMA-b)

Information on b-cell function was available in
three trials [13–15]. Two studies showed that
there was no significant difference between the
ABM-MNC group and control group after
12-month follow-up (MD, - 7.18; 95% CI,
- 37.48 to 23.12; P = 0.64; Fig. 9). No statisti-
cally significant differences were observed in

HOMA-b after 3-month, 6-month, and
12-month follow-up in the ABM-MNC group
(Table 9).

Adverse Events

Three studies investigated minor hypoglycemic
episodes [13–15]. There was no statistically sig-
nificant difference between the ABM-MNC
group and control group after 12-month follow-
up (two studies: MD, 0.49; 95% CI, - 1.63 to
2.61; P = 0.65; Fig. 10). However, a statistically
significant increase was observed in hypo-
glycemic episodes after 3-month follow-up in

Table 5 Different stage comparison of hyperinsulinemic clamp studies before and after ABM-MNC therapy after 6-month
follow-up

Items Test for
heterogeneity

Analysis model Test for overall
effect

WMD or SMD 95% CI

I2 (%) P Z P

Fasting C-peptide 0 0.90 Fixed 0.61 0.54 0.61 (- 1.37, 2.60)

AUC of 1st-phase C-peptide 0 0.88 Fixed 0.23 0.82 0.03 (- 0.20, 0.25)

AUC of 2nd-phase C-peptide 0 0.92 Fixed 3.14 0.002 16.75 (6.28, 27.21)

AUC C-peptide area under the curve

Fig. 7 Insulin requirement changes between the ABM-MNC therapy and control group

Table 6 Different stage comparison of the insulin requirement before and after ABM-MNC therapy

Items (months) Test for
heterogeneity

Analysis model Test for overall
effect

WMD or SMD 95% CI

I2 (%) P Z P

3 0 0.89 Fixed 3.36 \ 0.001 - 32.09 (- 50.77, - 13.40)

6 0 0.78 Fixed 6.32 \ 0.001 - 34.72 (- 45.49, - 23.96)

9 0 0.49 Fixed 5.66 \ 0.001 - 39.27 (- 52.87, - 25.67)

12 89 \ 0.001 Random 3.02 0.003 - 2.49 (- 4.11, - 0.87)
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Fig. 8 HOMA-IR changes between the ABM-MNC therapy and control group

Table 7 Different stage comparison of HOMA-IR beore and after ABM-MNC therapy

Items (months) Test for heterogeneity Analysis model Test for overall effect WMD or SMD 95% CI

I2 (%) P Z P

3 0 0.84 Fixed 0.47 0.64 - 0.08 (- 0.42, 0.26)

6 0 0.44 Fixed 0.39 0.70 - 0.08 (- 0.51, 0.34)

12 0 0.67 Fixed 1.16 0.25 0.51 (- 0.35, 1.37)

Table 8 Different stage comparison of HOMA-S before and after ABM-MNC therapy

Items (months) Test for
heterogeneity

Analysis model Test for overall
effect

WMD or SMD 95% CI

I2 (%) P Z P

3 0 0.36 Fixed 0.49 0.62 9.75 (- 28.96, 48.47)

6 0 0.97 Fixed 0.75 0.46 14.82 (- 24.12, 53.77)

Fig. 9 HOMA-b changes between the ABM-MNC therapy and control group

Table 9 Different stage comparison of HOMA-b before and after ABM-MNC therapy

Items (months) Test for
heterogeneity

Analysis model Test for overall
effect

WMD or SMD 95% CI

I2 (%) P Z P

3 0 0.37 Fixed 0.22 0.83 - 2.26 (- 22.71, 18.19)

6 0 0.53 Fixed 0.22 0.83 - 1.87 (- 18.83, 15.10)

12 0 0.85 Fixed 1.68 0.09 21.34 (- 3.5, 46.19)
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the ABM-MNC group (Table 10). Nevertheless,
no major hypoglycemia was observed. Only
seven patients (3.2%) reported mild adverse
effects of abdominal pain (2 patients), nausea
(3 patients), arterial puncture-site hemorrhage
(1 patient), and local extravasation of blood
(1 patient). No serious chronic side effects or
lingering effects appeared during the follow-up,
which indicated the ABM-MNC therapy was
relatively safe for T2DM treatment.

DISCUSSION

Our meta-analysis of six studies with 114
patients suggested that, compared with control
therapy, the HbA1c level decreased significantly
in the ABM-MNC therapy group after a
12-month follow-up. In addition, the level of
HbA1c before and after ABM-MNC therapy
showed a significant decrease after a 12-month
follow-up. However, ABM-MNC therapy has no
statistically significant effect on the FPG, fasting
C-peptide level, HOMA-IR level, HOMA-b level,
or insulin sensitivity.

Stem cells are a potential source of insulin-
producing cells due to the capacity for prolif-
eration and differentiation [19]. Evidence has
shown that the trans-differentiation of stem
cells into insulin-producing cells and infused

stem cells could lead to differentiation of local
progenitor cells and inflammation in the pan-
creas in murine models [3, 20]. Bone marrow
gives rise to hematopoietic stem cells,
endothelial progenitor cells (EPCs), and mes-
enchymal stem cells (MSCs) [21]. Implantation
of bone marrow-derived stem cells could repair
and regenerate tissues. In addition, autologous
bone marrow implantation could avoid
immune rejection and ethical issues [22]. Based
on the previously mentioned advantages,
autologous bone marrow stem cells have been
considered an important substitute source of
b-cells. In fact, stem cell treatment has shown
inspiring outcomes in terms of restoring islet
function and improving diabetic control in
diabetic animal models [4]. However, limited
evidence has examined the utility of ABM-MNC
transplantation for the treatment of T2DM in
humans. This meta-analysis aims to assess the
safety and efficacy of ABM-MNC transplanta-
tion for T2DM based on all available evidence.

Our findings showed no significant differ-
ences of FPG at the end of the follow-up in the
included trials, which is inconsistent with the
previous meta-analysis [7]. However, this meta-
analysis included Chinese studies published in
Chinese, and this study did not assess the
quality of the studies included. Furthermore,
the quality of some of the included studies was

Fig. 10 Hypoglycemic episode changes between the ABM-MNC therapy and control group

Table 10 Different stage comparison of hypoglycemic episodes before and after ABM-MNC therapy

Items (months) Test for heterogeneity Analysis model Test for overall effect WMD or SMD 95% CI

I2 (%) P Z P

3 0 0.34 Fixed 3.70 \ 0.001 6.40 (3.01, 9.79)

6 0 0.96 Fixed 0.30 0.76 - 0.30 (- 2.25, 1.65)

12 7 0.30 Fixed 0.75 0.45 - 1.00 (- 3.61, 1.62)
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not well controlled, and some studies were not
randomized. In addition, some of the studies
had small sample sizes, which could introduce
bias. In the present meta-analysis of RCTs, we
only included studies published in English and
with high-quality study designs.

Our results also showed a significant increase
in fasting C-peptide and glucagon-stimulated
C-peptide after 12-month follow-up in the
ABM-MNC therapy group. Unexpectedly, there
was no significant alteration in HOMA-b level
between the ABM-MNC therapy group and
control group or different stages after ABM-
MNC therapy. One of the potential explana-
tions is the small sample size of the trials and
small number of cases, which may lead to
insufficient statistical power. However, we
observed ABM-MNC therapy was associated
with an augmented C-peptide response on
clamp study, and this was further demonstrated
by a significant increase in the glucagon-stim-
ulated C-peptide response.

The level of the insulin requirement showed
a significant decrease after 3-, 6-, 9-, and
12-month follow-up in the ABM-MNC therapy
group. Furthermore, the insulin requirement in
the ABM-MNC therapy group was significantly
reduced compared with the control group after
a 12-month follow-up. Bhansali et al. [13] also
demonstrated that ABM-MNC therapy could
reduce the exogenous insulin requirement by
C 50% and maintain HbA1c\7.0% among the
70% of patients with T2DM. Notably, only 3.2%
of patients receiving ABM-MNCs for T2DM
experienced adverse events. No serious adverse
events were noted, and no significant hypo-
glycemia was observed in all six studies. Hence,
ABM-MNC transplantation is considered a safe
therapy for T2DM.

The potential mechanism underlying the
impact of ABM-MNCs on diabetes was not fully
elucidated. In the present study, we found a
decrease in the insulin requirement. Our results
suggested the possibility that ABM-MNCs are
mainly involved in improving insulin sensitiv-
ity [23]. Another potential mechanism is that
ABM-MNCs are associated with the mainte-
nance of ß-cells, which could prevent islet cell
loss [24].

To the best of our knowledge, this meta-
analysis is the most comprehensive and update
evaluation of the safety and efficacy of ABM-
MNCs in T2DM to date. However, several limi-
tations merit consideration. First, we included
some trials with relatively small sample sizes,
which may have insufficient power to address
the research question. Second, the numbers of
stem cells in the six included studies varied.
Different investigators used variable doses of
stem cells in the clinical studies, and it was
shown that the response was greater with a
higher dose [25, 26]. However, due to the limi-
tation of the small numbers of studies, we were
unable to do the subgroup analysis according to
the doses or dose-response analysis. Third, the
follow-up time was not adequately long. These
patients should remain under close surveillance
for the development of any neoplasia, as stem
cells, being multi-potent, have the potential for
malignant transformation. Finally, we may not
have identified the unpublished articles and
trials that were not reported in English. We
assumed that most of the well-designed trials
would have been published in English-language
journals. However, our comprehensive litera-
ture search and the results of non-publication
bias showed that our meta-analysis was not
driven by selective publication of positive
findings.

CONCLUSION

ABM-MNCs could improve glycemic control
among patients with diabetes and could be used
safely and efficiently to treat patients with
T2DM in the short term; however, the long-
term effects warrant more trials with larger
sample sizes and longer follow-ups.
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