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ABSTRACT
Aims/Introduction: In recent years, mesenchymal cellular therapies have received
much attention in the treatment of diabetes. In this meta-analysis, we aimed to evaluate
the efficacy of mesenchymal stem cell therapy in type 2 diabetes mellitus patients.
Materials and Methods: A comprehensive literature search was carried out using
PubMed, Scopus, Web of Science and Central databases. A total of 1,721 articles were
identified, from which nine full-text clinical trials were qualified to enter the current meta-
analysis. The assessment groups included patients with type 2 diabetes, and levels of C-
peptide, glycosylated hemoglobin and insulin dose were analyzed before and after mes-
enchymal stem cell infusion. Data analysis was carried out in Stata version 11, and the
Jadad Score Scale was applied for quality assessment.
Results: Changes in levels of C-peptide after mesenchymal stem cell therapy were: stan-
dardized mean difference 0.20, 95% confidence interval -0.61 to 1.00, glycosylated hemo-
globin levels were: standardized mean difference -1.45, 95% confidence interval -2.10 to
-0.79 and insulin dose were: standardized mean difference -1.40, 95% confidence interval
-2.88 to 0.09.
Conclusions: This meta-analysis of prospective studies showed associations between
mesenchymal stem cell therapy and control of glucose level in patients with type 2 dia-
betes.

INTRODUCTION
Diabetes mellitus is a major disease that is on the rise world-
wide1,2. In this disease, insulin resistance or defects in insulin
secretion lead to a metabolic disorder caused by hyper-
glycemia2,3. The disease is divided into two subgroups: type 1
diabetes and type 2 diabetes4. Type 1 diabetes is characterized
by insulin secretory defect, whereas in type 2 diabetes, insulin
resistance is observed in patients5,6

Genetic and environmental factors play major roles in the
development of diabetes mellitus, although the latter is found
to be more common7. Until today, there is no cure available
for diabetes, but insulin injections and oral hypoglycemic
drugs partly control blood glucose levels8,9. Insulin therapy
negatively affects a patient’s daily life without preventing

diabetes progress; therefore, novel strategies, including glyce-
mic control or b-cell replacement, are essential10,11.
Long-term use of drugs reducing blood glucose is associated

with a lack of satisfactory treatment and low life expectancy in
patients with type 2 diabetes. The costs of care and treatment
of diabetes mellitus and its complications are so expensive11.
Recently, the numbers of antihyperglycemic drugs for type 2
diabetes have increased. Prevalent antidiabetic medications, such
as a-glucosidase inhibitors, thiazolidinediones and insulin, usu-
ally show some side-effects, among which weight gain and gas-
trointestinal distress are more common12,13. Islet
transplantation is an efficient substitute for patients suffering
from islet cell dysfunction and inpatients who fail ideal blood
glucose control, despite using high doses of insulin14-17. Evi-
dence shows that mesenchymal stem cells (MSCs) can be used
in pancreatic islet cell therapy in diabetes patients18-21. Using
molecular receptors and inhibitors (dipeptidyl peptidase-4

Received 23 November 2019; revised 13 August 2020; accepted 5 September 2020

ª 2020 The Authors. Journal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 12 No. 5 May 2021 803
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

ORIGINAL ARTICLE

https://orcid.org/0000-0002-4402-5002
https://orcid.org/0000-0002-4402-5002
https://orcid.org/0000-0002-7644-5490
https://orcid.org/0000-0002-7644-5490
https://orcid.org/0000-0003-0580-000X
https://orcid.org/0000-0003-0580-000X
mailto:
http://creativecommons.org/licenses/by-nc/4.0/


inhibitors and glucagon-like peptide-1) have been considered as
new efficient and safe therapies. However, at present, cell ther-
apy is the most helpful treatment for diabetes mellitus22,23.
Stem cells have potency for self-restoration and differentiation

to various cells. These features have led to them being involved in
curing various diseases. The role of MSCs in regenerative medi-
cine has been well defined24,25. These cells are separated from
diverse tissues, such as umbilical cords, dental pulp, bone marrow
and adipose tissue26,27. According to animal studies and clinical
trials, MSCs transplantation has a useful role in the treatment of
various diseases, such as spinal cord injury, brain injury, liver dis-
ease, diabetes mellitus and refractory systemic lupus erythema-
tous28,29. Another key aspect is that during intravenous injection,
MSCs find their pathway to injured tissue28.
In vitro and in vivo studies have shown the effects of MSCs

on controlling glucose levels, which could be generalized to
clinical cases30. As a result of multiple differentiation abilities of
MSCs, they are considered as one of the targets of diabetes
treatment. Therefore, MSCs have been suggested as a new cure
goal for controlling insulin resistance, normalizing glycosylated
hemoglobin amounts (HbA1c) and reducing insulin require-
ment31-33. We carried out this review to affirm the efficacy of
mesenchymal stem cells on blood glucose, levels of HbA1c, C-
peptide and insulin requirement.

METHODS
Search strategy
All searches were carried out in PubMed, Scopus, Web of
Science and Central databases up to June 2018 using the fol-
lowing keywords: diabetes mellitus, mesenchymal stem cell and
other related keywords based on MeSH entry terms. We also
manually scanned references to select additional studies. Similar
and duplicate articles were removed through EndNote software
version X7 (Thomson Reuters, Philadelphia, PA, USA).

Inclusion and elimination criteria
Studies meeting the following criteria were selected: randomized
controlled trials; studies in type 2 diabetes patients; and studies
that assessed and compared the amounts of insulin requirement
and blood glucose levels before and after mesenchymal stem
cells therapy. Biomarkers that were investigated in each selected
article included C-peptide levels, levels of HbA1c and insulin
dose changes after mesenchymal cell therapy.

Data extraction
Two researchers reviewed full texts of the selected studies and
evaluated their qualities. Differences between studies were
defined through conversation. Then, data were sorted according
to first author name, the year of publication, sample size, dura-
tion of study and the outcomes.

Quality assessment
The Jadad Score Scale was adjusted to evaluate the quality of
the final studies selected. This scale independently recognizes

the methodological quality of a clinical trial advising the effec-
tiveness of blinding. The quality scores range from 0 to 5. If a
study was low quality, it received a score of <3, and if a study
was high-quality, a score of ≥3 was assigned.

Statistical analysis
Data were analyzed in Stata version 11 (StataCorp, College Sta-
tion, TX, USA). Examination of heterogeneity was carried out
in current meta-analysis to show variation in results. I2 index
was used to measure heterogeneity, and a value >50% was con-
sidered as heterogeneity. Also, the random effects model was
used for pooled estimation. The factor clarifies the percentage
of variation through studies, which showed the impression ratio
of heterogeneity compared with chance on variation. Further-
more, forest plots were drawn for standardized mean differ-
ences (SMD) of outcomes.

RESULTS
Result of surveys and description of studies
According to the procedures selected, nine eligible clinical trials
regarding the efficacy of mesenchymal stem cell therapy for
type 2 diabetes with a collection of 57 articles were involved in
the present analysis. Figure 1 shows all trials selected. The data
from these articles are listed in Table 1. The mean age of
patients was 52.32 years. In all studies, the therapeutic role of
stem cells was evaluated in patients with type 2 diabetes. Classi-
fication of studies was carried out based on the source of stem
cells; two studies used Wharton’s jelly-derived mesenchymal
stem cells (WJ-MSCs; 83 patients), one study used MSCs and
mononuclear cells (30 patients), one study used amniotic stem
cells (54 patients), bone marrow mononuclear cells were used
in two studies (152 patients), one study exerted human pla-
centa-derived stem cells (PD-MSCs; 10 patients), one study
injected umbilical cord mesenchymal stem cells to three
patients and one study used umbilical cord mesenchymal stem
cells (UCMSCs) (six patients). In two studies, control groups
were only treated by insulin. In one study, there were three
groups, including a control group, and in two studies, two types
of stem cells (MSCs and mononuclear cells) were injected. In
another six studies, patients were examined before and after
stem cell transplantation.

MSCs therapy in type 2 diabetes patients
The influence of mesenchymal stem cell therapy on type 2 dia-
betes in nine trails among 227 patients, including 40 controls,
is shown in Figure 1. The articles were reviewed and selected
in three stages: reading, screening and eligibility.

Therapeutic effects of MSCs on levels of C-peptide
Three studies of all reviewed articles evaluated the therapeutic
effects of mesenchymal stem cells on C-peptide levels. The cells
used in these studies were human PD-MSCs, WJ-MSCs and
amniotic stem cells. We observed no considerable heterogeneity
between these studies (I2 = 54.9%, P = 0.109), so the SMDs
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were merged and calculated by a fixed-effects model. According
to the findings, treatment with MSCs compared with insulin
therapy alone, did not have a remarkable effect on the C-pep-
tide levels in type 2 diabetes patients (SMD 0.20, 95% CI -0.61
to 1.00; Figure 2). These outcomes prove that the C-peptide
levels of patients who suffer from type 2 diabetes are not be
affected by MSC treatment.

MSCs influence HbA1c levels
Seven studies surveyed the therapeutic effect or MSC on
HbA1c levels, in which WJ-MSCs, PD-MSCs, amniotic fluid
stem cells, mononuclear stem cells from bone marrow
(BMMSCs) and umbilical cord mesenchymal stem cells
(UCMSCs) were applied for cell therapy. There was a signifi-
cant heterogeneity between these studies (I2 = 88.6%,
P = 0.000). The levels of HbA1c in patients with type 2 dia-
betes significantly reduced after mesenchymal stem cell therapy
(SMD -1.45, 95% CI -2.10 to -0.79, Figure 3).

Mesenchymal stem cells decrease insulin dosage
The role of mesenchymal stem cells therapy on insulin dose in
patients with type 2 diabetes in three studies was evaluated

using WJ-MSCs, PD-MSCs and mononuclear stem cells from
bone marrow (Figure 4). Based on I and P-values for the fixed-
effects model, heterogeneity was observed between these studies
(I2 = 96.8%, P = 0.000). Stem cell therapy was found to signifi-
cantly reduce insulin dosage in diabetes patients studied (SMD
-1.40, 95% CI -2.88 to 0.09, Figure 4).

DISCUSSION
Some reasons, such as increasing consumption of glucose,
genetic disorders, obesity and sedentary lifestyle, lead to a
decrease in mass and function of pancreatic b-cells, and there-
fore a set of metabolic diseases is created, called diabetes melli-
tus34,35. Cellular therapies suggest a novel method in the
treatment of type 2 diabetes. Former studies have shown that
various stem cells, by differentiating into b-cells, which secrete
insulin, improve treatment process and reduce blood glucose
levels. However, there are short-term follow-up reports, and to
carry out a profound study, long-term follow up is necessary36.
In the current systematic review consisting of nine articles

(from 2008 to 2013), we perused cell therapy, and its effect on
levels of C-peptide, HbA1c and insulin dose in patients with
type 2 diabetes. The combined results from three articles (2011,
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Figure 1 | Overview of study selection according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement.
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2014 and 2016) showed that MSC therapy did not change C-
peptide levels. In other words, MSCs did not induce C-peptide
synthesis in b-cells of the pancreas, and the levels of precursor
of insulin in patients with cell therapy were similar to those of
the control group.
The HbA1c level investigations (from 2011 to 2016) showed

reduced levels of HbA1c after stem cell therapy compared with
non-stem cell-based therapy. HbA1c is a useful indicator of long-
term blood glucose control, and based on these conclusions, cell
therapy could successfully reduce blood glucose levels.

In the current systematic analysis, we also reviewed the effect
of cell therapy on insulin dosage requirements, before and after
treatment. The findings showed a significant role of stem cell
therapy in reducing the daily insulin dose.
So far, many studies have examined the effects of stem cell

transplantation therapy on various aspects of both type 1 and
type 2 diabetes. Compared with different types of stem cell
transplantation, mesenchymal stem cell transplantation in
patients with diabetes has shown better therapeutic suc-
cess23,28,37-39, and is the main treatment in type 2 diabetes
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Figure 2 | Forest plot of C-peptide level in type 2 diabetes patients before and after mesenchymal cell therapy. CI, confidence interval; SMB,
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associated with a decrease in insulin resistance40. In a review
study by Rahim et al., the mesenchymal cell transplantation
was found to reduce the required daily insulin dose and HbA1c
levels in the intervention group. In contrast, negative effects on
the amount of C-peptide were observed41.
Other studies on the effect of stem cell and bone marrow

stem cell transplantation in the treatment of type 2 diabetes
have yielded similar results to the current study (reduced
HbA1c levels and daily insulin doses, and increased levels of C-
peptide), despite using different sources of stem cells, (bone
marrow and peripheral blood)42,43.
Similar to the present results, Cho et al.3 reported that MSCs

therapy moderates the treatment process of diabetes patients,
by reducing the daily insulin requirements and HbA1c levels,
but they explained that C-peptide levels rise after stem cell ther-
apies. The effects of MSCs on a patient’s body were seen to be
maintained for 2–4 weeks, even after serial injections3. Further-
more, in another review article, MSCs were found to improve
diabetes mellitus after 3–43 months through decreasing insulin
requirements and HbA1c levels, and also by increasing plasma
levels of C-peptide44. Comparing these studies with our meta-
analysis shows that analyzing the effectiveness of stem cells on
C-peptide levels by meta-analysis methods, is so different from
other review studies alone, and is a controversial subject for
future studies.
In the present systematic review and meta-analysis, improved

treatment of type 2 diabetes patients with MSCs was caused by
reducing the levels of insulin dose and HbA1c levels. Further
studies are required to clarify whether stem cells affect C-pep-
tide gene expression or not. Also, more precise clinical assays
on gene expression of upstream and downstream factors of C-
peptide should be carried out.
There were some limitations to the present meta-analysis,

which if they were removed, we would have better results and
we could survey in a broad way. Some data were presented in

the form of figures without any charts or any graphs, so data
analyses and interpretation were difficult. Also, there were
incompatible time limitations of some articles. These limitations
led to lack of significance.
Based on present review and other studies, cell therapy is

not a cure, but is a clinically safe method for ameliorating dia-
betes mellitus. Broad investigations to study the precise effect of
cell therapy on diabetes patients, with more experimental details
of humoral factors, cellular and molecular analysis, could be of
great benefit in better conceiving this method in the treatment
of diabetes, especially type 2 diabetes.
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