
RESEARCH Open Access

Efficacy of mesenchymal stem cell
transplantation therapy for type 1 and type
2 diabetes mellitus: a meta-analysis
Yanju Li1,2†, Feiqing Wang3,4† , Huiling Liang4†, Dongxin Tang4, Mei Huang1, Jianing Zhao4, Xu Yang4,
Yanqing Liu4, Liping Shu2, Jishi Wang1*, Zhixu He1,2* and Yang Liu1,2,4*

Abstract

Background: This meta-analysis was first conducted to evaluate the efficacy and safety of transplantation of
mesenchymal stem cells in the treatment of type 1 and type 2 diabetes mellitus (T1DM and T2DM).

Methods: We systematically searched PubMed, ScienceDirect, Google Scholar, CNKI, EMBASE, Web of Science,
MEDLINE, and the Cochrane Library for studies published from the establishment of the databases to November
2020. Two researchers independently screened the identified studies, based on inclusion and exclusion criteria. The
combined standard mean difference (SMD) and 95% confidence interval (CI) of data from the included studies were
calculated using fixed- or random-effects models.

Results: We included 10 studies in our meta-analysis (4 studies on T1DM and 6 on T2DM, with 239 participants) to
examine the efficacy of mesenchymal stem cells (MSCs) therapy in the treatment of diabetes mellitus. According to
the pooled estimates, the glycated hemoglobin (HbA1c) level of the MSC-treated group was significantly lower
than it was at baseline (mean difference (MD) = −1.51, 95% CI −2.42 to −0.60, P = 0.001). The fasting C-peptide
level of the MSC-treated group with T1DM was higher than that of the control group (SMD = 0.89, 95% CI 0.36 to
1.42, P = 0.001), and their insulin requirement was significantly lower than it was at baseline (SMD = −1.14, 95% CI
−1.52 to −0.77, P < 0.00001).

Conclusion: Transplantation of mesenchymal stem cells has beneficial effects on diabetes mellitus, especially T1DM,
and no obvious adverse reactions.

Keywords: Mesenchymal stem cells, Diabetes mellitus, Type 1 diabetes mellitus, Type 2 diabetes mellitus,
Transplantation therapy

Background
The incidence of diabetes mellitus (DM) is increasing
yearly. According to the International Diabetes Feder-
ation, 4.51 million adults worldwide were estimated to
have DM in 2017, and this figure is expected to reach

6.93 million by 2045 [1]. Type 1 diabetes mellitus
(T1DM) is an autoimmune disease, and immune attacks
lead to the destruction of islet cells, causing islet inflam-
mation associated with absolute insulin deficiency. Even-
tually, various related complications occur, causing
serious harm to the patient and negative effects on the
patient’s quality of life and longevity [2]. Type 2 diabetes
mellitus (T2DM) is the most common type of diabetes,
accounting for diagnoses in approximately 90% of adults
[3]. The main pathogenesis is the body’s insensitivity to
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insulin and impaired functioning of islet β cells [4]. At
present, neither oral hypoglycemic drugs nor insulin is a
cure for diabetes; these treatments increase the risk of
complications, such as hypoglycemia, gastrointestinal in-
tolerance, heart failure, and atypical fractures [5].
Islet transplantation can theoretically cure diabetes,

but it is limited by a lack of donor sources and suscep-
tible to immune rejection complications and difficulties
related to the separation of the pancreatic islets [6]. In
recent years, stem cell-based transplantation has shown
advantages in the treatment of diabetes. Unlike embry-
onic stem cells, the use of mesenchymal stem cells
(MSCs) in the treatment of diabetes does not involve
tumorigenic risks or ethical issues [7–9]. MSC trans-
plantation is an attractive option due to its wide range of
sources, easy access [10], self-renewal ability, multi-
differentiation potential, low immunogenicity, secretion
of various cytokines, and other biological characteristics,
and it is not ethically controversial [11–13]. In an animal
study conducted in Egypt, the blood glucose level of rats
with T1DM that were injected with differentiated MSCs,
returned to normal after 2 months [14]. A study by
Vanikar et al. of 11 patients with T1DM reported a sig-
nificant decrease in insulin requirements and HbA1c
levels, and an increase in C-peptide (CP) levels after co-
transplantation of insulin-secreting adipose tissue-
derived MSCs and hematopoietic stem cells [15]. The
injection of adipose-derived MSCs has been shown to
reduce insulin resistance in rats with T2DM by inhibit-
ing the increase in Mitsugumin 53 in the skeletal muscle
[16, 17]. Bhansali et al. found that after 12 months of
follow-up, participants’ level of HbA1c and insulin re-
quirements decreased significantly, their fasting C-
peptide level (F-CP) showed no significant change, and
their fasting blood glucose increased [18]. Liu et al. study
reported an increase in participants’ F-CP level at the
end of the follow-up period, but there was no significant
change in the oral glucose tolerance test CP level 2 h
after a meal, compared with its baseline level [19].
Although the results of the above studies indicate that

MSCs are effective in the treatment of both T1DM and
T2DM, no studies comparing the efficacy of MSCs in
the treatment of T1DM and T2DM have been published.
Furthermore, most of the published studies had small
sample sizes and did not provide sufficient validation.
Therefore, our meta-analysis of the differential curative
effects of MSCs on T1DM and T2DM, and their safety,
was conducted to provide a theoretical basis for the clin-
ical diagnosis and treatment of DM.

Methods
Data sources and search strategies
Two of the study’s authors (WFQ and LHL) searched
the PubMed, ScienceDirect, Google Scholar, CNKI,

EMBASE, Web of Science, and MEDLINE databases, as
well as the Cochrane Library and other databases for eli-
gible studies, up to November 2020. They consulted with
the senior author when there were discrepancies in the
selection of studies. The search terms in Chinese and
English included “mesenchymal stem/stromal cell” or
“stem/stromal cell” and “diabetic” or “type 1 diabetes” or
“type 2 diabetes,” and “clinical trials.” Manual searches
of the reference lists of relevant studies and narrative re-
views were also performed. The search was limited to
English and Chinese papers and human subjects, and
published studies; unpublished studies were not included
in the meta-analysis.

Selection criteria
The inclusion criteria were (1) Chinese- and English-
language research articles; (2) clinical trials on the use of
MSCs for treating DM; (3) all patients with DM were
treated with MSCs regardless of age, gender, disease se-
verity, or location; and (4) all studies evaluated the treat-
ment of DM using MSCs. There were no restrictions on
the time, duration, or dosages of MSCs in the treat-
ments. The control group received a blank treatment,
placebo, or other treatment. The dose and course of all
other treatments were the same as those for the MSC-
treated and control groups. The exclusion criteria were
(1) research studies in languages other than Chinese and
English, (3) incomplete research reports or data (e.g.,
missing sections, such as a conference abstract), and (4)
redundant publications (the most recent and complete
studies, including clinical trials, were selected for inclu-
sion in the meta-analysis).

Data extraction
The two authors who conducted the systematic search
used a standard data extraction table to collect informa-
tion independently in accordance with the standards of
the Cochrane Systematic Review Protocol. The data that
were extracted included the first author, study character-
istics (i.e., the study’s objective, year of publication, and
country), participants’ characteristics (e.g., mean age,
sex, sample size, and mean history of DM), and experi-
mental design, measured outcomes (e.g., HbA1c; fasting
C-peptide, F-CP; fasting blood glucose, FBG; postpran-
dial blood glucose, PBG; and insulin requirements).
Standard deviations were calculated from standard er-
rors or confidence intervals, as needed. Changes in base-
line standard deviations were calculated using the
correlation coefficient method, which is described in the
Cochrane Handbook for Systematic Reviews of Interven-
tions. A third author was consulted to help resolve dis-
agreements between the two previously mentioned
authors, concerning the inclusion of studies.
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Statistical analysis
The weighted mean difference (WMD) was used to
compare continuous variables when the measurement
method and unit of measurement were the same for dif-
ferent studies; otherwise, the standardized mean differ-
ence (SMD) was used as the effect. Results reported as
medians and quartiles were converted to the mean and
standard deviation (SD) [20, 21]. A two-tailed value of P
< 0.05 was considered statistically significant. We evalu-
ated the heterogeneity of the included studies by calcu-
lating the I2 statistic; the I2 values were 25%, 50%, and
75%, indicating low, medium, and high heterogeneity, re-
spectively. When the effects were observed to be hetero-
geneous (I2 >50% and P < 0.10), we used a random-
effects model for the analysis [22]; otherwise, a fixed-
effects model was used to evaluate the data. Our meta-
analysis was performed using Revman 5.3 software.

Results
Search results
Our search terms yielded 2270 potential research articles
for inclusion in the study. After reading the titles and

abstracts, 2230 studies were found to be irrelevant in
terms of their purpose, objective, intervention, and/or
measures and were excluded. After reading the
remaining 40 papers, 30 were excluded. Finally, 10
clinical studies [18, 19, 23–30], consisting of 239 pa-
tients with DM, were included in the meta-analysis.
There were 92 cases of T1DM and 147 cases of
T2DM, six studies included a control group, 143 pa-
tients were treated with MSCs, and 96 patients served
as controls. Details of the study selection process are
shown in Fig. 1.

Characteristics of the included studies
The clinical data from the included studies in Table 1
were published from 2011 through 2017, with sample
sizes ranging from 6 to 61. Of these ten studies, eight
were conducted in China, one in India, and one in
Sweden. The intervention regimen consisted of MSCs
with a dose range of (0.88 ± 0.05) × 106 to (1.2 ± 0.3) ×
109, and the follow-up period ranged from 6 to 36
months.

Fig. 1 Flow diagram of the search process and study selection
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Effects of stem cell therapy on HbA1c of patients with
DM
Four trials [18, 23–25] had experimental and control
groups, and one of them [25] had a follow-up period
of less than 12 months. Therefore, we analyzed three
[18, 23, 24] HbA1c tests. We observed that the
HbA1c level was lower in the MSC-treated group
with T1DM than in the control group after 12
months, but the difference was not statistically signifi-
cant (MD = −0.66, 95% CI −1.61 to 0.29, P = 0.17;
Fig. 2); however, the HbA1c level of the MSC-treated
group with T2DM was slightly higher than that of
the control group.

The HbA1c in the MSC-treated group showed a
significant decrease from its baseline level, at the end
of the follow-up period (MD = −1.51, 95% CI −2.42
to −0.60, P=0.001; Fig. 3). The subgroup analyses of
patients with T1DM and T2DM showed no signifi-
cant change in HbA1c in the patients with T1DM
after receiving MSC therapy (MD = −1.81, 95% CI
−4.54 to 0.93, P = 0.20; Fig. 3). A significant change
in the HbA1c level of the MSC-treated patients with
T2DM was found after treatment with MSC therapy
(MD = −1.32, 95% CI −2.20 to −0.44, P = 0.003, Fig.
3); however, significant changes were not found at the
3- or 12-month follow-ups (Table 2).

Fig. 3 HbA1c changes after MSC therapy and individual follow-up

Fig. 2 HbA1c changes in the MSC-treated and control groups after 12 months
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Effects of stem cell therapy on fasting blood glucose
(FBG)
Six trials reported FBG levels and two studies [24, 25]
had control groups and data that could be extracted. At
the end of the follow-up period, no significant difference
was found between the MSC-treated group and the con-
trol group (SMD = −0.47; 95% CI −1.07 to 0.13, P = 0.12;
Fig. 4). The FBG level of MSC-treated patients decreased
significantly from baseline to the end of the follow-up
period (SMD = −0.94, 95% CI −1.53 to −0.34, P = 0.02;
Fig. 5). The FBG of MSC-treated patients with T1DM
showed a significant change by the end of the follow-up
period (SMD = -0.88, 95% CI −1.51 to −0.25, P = 0.006;
Fig. 5), but no significant difference was found in patients
with T2DM (SMD = −0.94, 95% CI −1.90 to 0.02, P =
0.06; Fig. 5). Similarly, no significant changes in FBG levels
were found at the 6- or 12-month follow-ups (Table 3).

Effects of stem cell therapy on postprandial blood
glucose (PBG)
The PBG level was analyzed in four of the included trials
involving 52 patients [19, 24, 25, 28]. The PBG of the
MSC-treated group was significantly lower at the end of
the follow-up period (SMD = −0.99, 95% CI −1.40 to
−0.57, P < 0.00001; Fig. 6). The FBG reduction in the
participants with T2DM (SMD = −0.80, 95% CI −1.34 to
−0.27, P = 0.01; Fig 6) was significantly smaller than that
of the patients with T1DM, and the PBG of the MSC-
treated group with T1DM decreased significantly by the
end of the follow-up period (SMD = −1.27, 95% CI
−1.93 to −0.61, P = 0.0002; Fig. 6).

Effects of stem cell therapy on fasting C-peptide (F-CP)
Four trials [18, 23–25] reported F-CP levels; however,
no significant difference was found between the
MSC-treated group and the control group at the end
of the follow-up period (SMD = 0.50; 95% CI 0.03 to
0.96, P = 0.04; Fig. 7). The F-CP level of the partici-
pants with T1DM was higher in the MSC-treated
group than in the control group (SMD = 0.89, 95%
CI 0.36 to 1.42, P = 0.001; Fig. 7). The F-CP level
was also lower in the MSC-treated patients with
T2DM than in the controls, and its level increased
significantly from baseline, in the MSC-treated group
after follow-up (SMD = 0.62, 95% CI 0.21 to 1.03, P
= 0.003; Fig. 8). The MSC-treated group was found to
have significant increases in the F-CP level after 6
and 12 months of follow-up (Table 4).

Effects of stem cell therapy on insulin requirements of
patients with DM
Seven trials included information on the insulin re-
quirements of 74 patients [18, 19 , 24, 25, 27, 28, 30] at
the end of the follow-up period. A significant change
from the baseline insulin requirement of the MSC-
treated group was found (SMD = −1.14, 95% CI
−1.52 to −0.77, P < 0.00001; Fig. 9). A significant de-
crease was found in the insulin requirements of the
MSC-treated group with T2DM after 3, 6, and 12
months of follow-up (Table 5).
In 20% (3/15) patients of type 1 diabetes insulin was

discontinued, and 66.7% (8/12) patients, the daily insulin
demand was reduced by more than 50% of the baseline

Table 2 HbA1c levels of patients with T2DM at 3, 6, and 12 months after MSCs therapy

Follow-
up
(months)

Test for heterogeneity Analysis
model

Test for overall effect WMD
or
SMD

95% CI

I2 (%) P Z P

3 87 0.006 Random 0.89 0.37 −0.60 (−1.92, 0.72)

6 85 <0.0001 Random 2.60 0.009 −1.30 (2.27, −0.32)

12 66 0.09 Random 1.72 0.09 −0.75 (−1.60, 0.11)

Abbreviations: HbA1c glycated hemoglobin, T2DM type 2 diabetes, MSCs mesenchymal stem cells, WMD weighted mean difference, SMD standard mean difference

Fig. 4 FBG changes in the MSC-treated and control groups after individual follow-up
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[26]. In another type 1 diabetes study, insulin demand
declined significantly from baseline [24]. In the study of
type 2 diabetes, 5 studies detailed records of insulin de-
cline [18, 19, 27, 29, 30]. In general, 37% (20/54)
achieved insulin independence [19, 27, 29], and 48.5%
(33/68) saw a decrease in insulin demand of more than
50% [18, 19, 29, 30].

Adverse events
Minor hypoglycemic episodes were reported in two
studies [18, 29], but none of them were severe. Nausea
and vomiting were reported in 2 patients [18], mild and
transient fever were observed in 6 patients during infu-
sion in 2 studies [19, 20], and hemorrhage at the arterial
puncture site was observed in 2 patients [18, 19]. No ser-
ious or chronic side effects or legacy effects were ob-
served during follow-up, which suggests that MSCs are
relatively safe in the treatment of DM.

Discussion
Our meta-analysis of ten studies with 239 patients
showed that, compared with baseline levels, significant
changes were found in the HbA1c, FBG, PBG, F-CP, and

insulin requirements of patients with DM after they re-
ceived MSC therapy.
Some of the included studies that explored the useful-

ness of treatment with MSCs in patients with T2DM
found a significant decrease in insulin requirements and
an increase in C-peptides [13, 31]. Other studies have re-
ported that autologous MSCs are effective in animals
and patients with T1DM [32, 33]. These results are con-
sistent with our findings, and they support MSC trans-
plantation as an effective treatment for DM. In clinical
practice, the FBG and the 2-h postprandial blood glu-
cose are the criteria for the diagnosis of diabetes, as they
reflect the function of the islet cells, although there are
other influencing factors. The HbA1c level, which re-
flects blood glucose control for the past 8–12 weeks, is a
measure of diabetes control. Our meta-analysis found
that the baseline levels of FBG, PBG, and HbA1c
dropped significantly after MSC therapy. The subgroup
analysis found that the decrease in the FBG and PBG of
participants with T1DM was more pronounced than the
changes in those with T2DM; the level of HbA1c in the
MSC-treated group with T1DM was lower than that of
the participants in the control group after 12 months of
follow-up. Hence, it was clear that MSCs had a

Fig. 5 FBG changes after MSC therapy and individual follow-up

Table 3 FBG levels of patients with T2DM at 6 and 12 months after MSC therapy

Follow-
up
(months)

Test for heterogeneity Analysis
model

Test for overall effect WMD
or
SMD

95% CI

I2 (%) P Z P

6 58 0.09 Random 0.73 0.46 −2.8 (−1.02, 0.47)

12 84 0.01 Random 0.72 0.47 0.54 (−0.93, 2.00)

Abbreviations: FBG fasting blood glucose, T2DM type 2 diabetes, MSCs mesenchymal stem cells, WMD weighted mean difference, SMD standard mean difference
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therapeutic effect on blood glucose regulation in patients
with DM, and the benefits for patients with T1DM were
more pronounced.
Our meta-analysis showed an increase in the F-CP

level in the MSC-treated group with T1DM, which
was higher than that of the control group, and an in-
crease in the F-CP level of the MSC-treated group
with T2DM after 12 months. The F-CP level is an in-
dicator of the insulin secretion function of pancreatic
islet cells, and an increased level indicates increased
insulin secretion. The increase in insulin secretion
may be due to the expansion of insulin-secreting B
cells, or the result of increased insulin secretion of
the remaining B cells. Our results also found that 7
included studies reported a significant decrease in in-
sulin requirements after MSC therapy, compared to

baseline. Similar results were found in participants
with T2DM at 3, 6, and 12 months of follow-up;
however, due to limitations of the trial and lack of
data, the changes in the insulin requirements of par-
ticipants with T1DM at each of the follow-ups could
not be calculated. In conclusion, the efficacy of MSCs
in reducing insulin requirements was consistent
among the included studies, and it was sustained at
the end of most studies’ follow-ups. However, studies
with complete data and longer follow-ups are needed.
We found that MSCs are more beneficial in the treat-
ment of T1DM than T2DM.
No significant difference was found in the HbA1c or

FBG levels at the end of the follow-up between the
MCS-treated group and the control group. Nor was a
significant change found in the FBG level of the MSC-

Fig. 6 PBG changes after MSC therapy and individual follow-up

Fig. 7 F-CP changes in the MSC-treated and control groups after individual follow-up
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Fig. 8 F-CP changes after MSC therapy and individual follow-up

Table 4 F-CP levels of patients with T2DM at 3, 6, and 12 months after MSCs therapy

Follow-
up
(months)

Test for heterogeneity Analysis
model

Test for overall effect WMD
or
SMD

95% CI

I2 (%) P Z P

3 29 0.24 Fixed 1.65 0.10 0.46 (−0.09, 1.01)

6 42 0.19 Fixed 2.94 0.003 0.85 (0.29, 1.42)

12 0 0.96 Fixed 2.18 0.03 0.62 (0.06, 1.17)

Abbreviations: F-CP fasting C-peptide, T2DM type 2 diabetes, MSCs mesenchymal stem cells, WMD weighted mean difference, SMD standard mean difference

Fig. 9 Changes in the insulin requirements of patients with DM after MSC therapy and individual follow-up
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treated group with T2DM. The F-CP level was lower in
the MSC-treated group with T2DM than it was in the
control group. A possible explanation for these findings
is that the sample size was small, which might have led
to insufficient statistical power. In addition, the inclusion
of non-randomized studies in the meta-analysis could
have led to bias.
Despite encouraging results in pre-clinical studies, key

issues that need to be considered before MSC-based
therapies become a safe and effective option for clinical
researches. The clinical efficacy of MSCs is related to
cell source, treatment cycle, culture expansion protocol,
passage number, timing and route of administration,
dosage, donor characteristics, freshly prepared, or cryo-
preserved cells. At present, the clinical application cycle
of MSCs is difficult to be unified, and there is no unified
treatment principle in the world. There are great differ-
ences between the diagnosis and treatment for different
hospitals and laboratories. They were based on a small
number of trials and need confirmation in larger ran-
domized trials.

Conclusion
MSCs can improve the blood glucose control of pa-
tients with DM and can be used to treat DM safely
and effectively in the short term, especially T1DM.
However, the detection of long-term effects requires
longer follow-up periods, larger sample sizes, and
more trials. Furthermore, no serious adverse events or
significant hypoglycemic episodes were observed in
MSC-treated patients with DM in all 10 studies.
Therefore, MSC transplantation is considered to be a
safe treatment for DM.
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