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Background: There is a general agreement that to ensure promising results of stem cell therapy in patients 
with diabetes, one must first understand its risks and benefits; thus, if the risk is sufficiently low along with 
many benefits, it can lead to developing a novel therapeutic approach based on sound science. 
Methods: A systematic review and meta-analysis was performed using all available clinical trials to 
determine the benefits and risks associated with stem cell therapy in patients with diabetes (both T1DM and 
T2DM). An extensive search was conducted across several databases using all MeSH words regarding stem 
cell therapy and diabetes. 
Results: In T2DM, a large body of research has shown that stem cell therapy has improved the insulin daily 
requirement and glycosylated hemoglobin (HbA1C) levels, and also has a positive effect on these variables, 
but has a negative impact on c-peptide. Hence, in T1DM, stem cell therapy improves c-peptide and HbA1C 
levels and has a positive effect on these variables, but has a negative impact on insulin daily requirement. 
Conclusions: A total of 639 cells have the ability to self-renew and differentiate into a variety of cells, 
including blood, heart, nervous and cartilage cells. Paradoxically, it has been stated that these cells also 
have the potential to form cancer cells. These possible risks warrant caution by both medical specialists and 
patients while proceeding with the treatment; thus, it is critically crucial to conduct further research on stem 
cell therapy but with first considering their risk and benefits.
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Introduction

Diabetes mellitus (DM) is a major health problem and 
the leading cause of death in the world; it is particularly 
responsible for 4 million deaths per year (1). The 
prevalence and incidence of DM in many societies, 
especially in developing countries, have been increasing 
more rapidly (2). In 1985, pieces of evidences revealed that 
30 million people worldwide had DM; moreover, up to 
230 million individuals were affected by 2008; and by the 
year 2025, the number of individuals with DM is expected 
to reach 300 million (3).

The  t rad i t iona l  therapeut i c  methods  such  a s 
administration of exogenous insulin through daily 
injections is the most prominent treatment for DM, but 
its administration is frequently associated with failure 
in glucose metabolism control, which ultimately leads 
to hyperglycemia episodes. Stem cell therapy holds a 
promising strategy to avoid the issues related to insulin 
daily injections. It is expected that this therapeutic method 
should produce, store, and supply insulin to maintain 
glucose homeostasis. Cell-based therapies are aimed at 
producing functional insulin-secreting β-cells to completely 
cure diabetes (4-6).

Over the years, researchers have been searching for 
ways to replace the destroyed beta cells in the pancreas 
(insulin-producing cells) with healthy ones by the immune 
system of a person with DM. Nowadays, the latest method 
of transplantation and replacement of pancreatic cells, 
in which clusters of insulin-producing cells, called islet, 
are transplanted from a donor pancreas to another liver, 
have provided excellent results for the treatment of type 
1 diabetes patients (7). Changing the amount of insulin 
is often accompanied by a drop in blood glucose level or 
hypoglycemia, which can lead to medical emergencies 
such as coma. On the contrary, in the islet transplantation 
technique if the transplant works properly, the results will 
be very promising; thus, glycemic control is done by the 
body itself, and the amount of insulin needed is given to 
the body with respect to the amount of body glucose in the 
body; and homeostasis is done normally. Stem cell therapy 
for DM, which is in fact an attempt to eliminate insulin 
injections, leads to complications such as infectious diseases 
and cancer (8-10). Side-effects can occur at any time 
during, immediately, or several days or months after stem 
cell transplantation. Short-term side-effects (acute) usually 
occur within the first 100 days post-transplantation, while 
long-term side-effects (chronic) usually occur after 100 days  

or more after transplantation. Infectious diseases are 
among the most common primary side effects of stem cell 
transplantation which occurs due to very low white blood 
cell count and weak immune system. Though bacterial 
infections are the most common, viral or fungal infections 
may also occur.

To ensure that the emerging field of stem cell therapy 
fulfills its promise to patients with diabetes, we must 
first understand its risks and benefits; thus, if there will 
be greater health benefits and fewer risks, it may lead 
to developing a novel therapeutic approach based on 
sound science. A systematic review and meta-analysis was 
performed using all available clinical trials to determine 
the benefits and risks associated with stem cell therapy in 
patients with diabetes (both T1DM and T2DM).

Methods

This systematic review and meta-analysis was conducted 
according to the guidelines of the Centre for Reviews and 
Dissemination for undertaking systematic reviews (11), 
as well as the Meta-analysis of Observational Studies in 
Epidemiology (MOOSE) (12), and PRISMA guidelines (13). 
This research was approved by Ethics Committee of Tehran 
University of Medical Sciences (TUMS).

Types of studies

All relevant clinical trials examining the effectiveness of 
stem cells for the treatment of patients with diabetes were 
included without restrictions on publication status.

Types of participants

There was no limitation on age and sex for the inclusion 
in the study. Participants were excluded if they had further 
pathologies or changed endocrine status other than 
diabetes.

Types of interventions

Stem cell therapy is a method of using various types of 
stem cell in the treatment of T1DM and T2DM. The 
interventions and comparison include: (I) stem cell therapy 
compared to the control group; (II) stem cell therapy 
compared to placebo; (III) stem cell therapy compared to 
traditional treatment.
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Types of outcome measures

Outcome measures included the type of stem cells [e.g., 
bone marrow mesenchymal stem cells (BM-MSCs), BM 
hematopoietic stem cells (BM-HSCs), umbilical cord MSCs 
(UC-MSCs), adipose stem cells (ASCs), mesenchymal 
precursor cells (MPCs), fetal stem cells (FSCs)], number of 
injected cells, method of stem cell delivery (intravenous or 
intrapancreatic administration), and follow-up time after 
cell therapy.

Search strategy

All studies on stem cells therapy in the treatment of diabetes 
were entered with no time limitation (all studies conducted 
by the end of July, 2017). A literature search strategy was 
developed using medical subject headings (MeSH) and 
keywords.

Electronic bibliographic databases

The following electronic bibliographic databases were 
searched: PubMed, Scopus, Web of Science, EMBASE and 
the Cochrane Library (Cochrane Database of Systematic 
Reviews, Cochrane Central Register of Controlled Trials 
(CENTRAL). The search strategy included stem cells, 
progenitor cells, BM, BM-HSCs, BM-MSCs, UC-
MSCs, ASCs, MPCs, FSCs, DM, T1DM, T2DM, and 
hyperglycemia. Limitation was placed on the search using 
English language and human subject filters. The search 
strategy for PubMed is shown in Figure S1.

Searching other resources

To ensure literature saturation, reference lists of selected 
studies or relevant reviews were scanned.

Inclusion criteria

Articles fulfilling the following criteria, including clinical 
trial studies on various stem cell therapies for both T1DM 
and T2DM, were considered. Besides, no language 
limitation was applied.

Exclusion criteria

Other article types such as reviews (narrative or systematic), 
observational studies, commentaries, letters to the editor, 

case series or case reports, and pooled analyses of original 
data were excluded.

Data collection

Selection of studies
After an electronic search, the records were uploaded using 
EndNote software. Titles and abstracts of studies were 
retrieved using the search strategy and those from additional 
resources were reviewed individually by two authors (F 
Rahim and K Shirbandi) to detect studies that possibly 
meet the inclusion criteria. The full text of these possibly 
qualified articles was retrieved and evaluated individually by 
the same authors.

Any disagreements between the two authors were 
resolved through discussion. The whole process of study 
selection is summarized in the PRISMA flow diagram.

Data extraction and management
A standardized data collection form was used for assessing 
the quality of selected studies, as well as for evidence 
synthesis. The extracted information includes:

(I) General information (author, title, publication year, 
journal, location).

(II) Participant demographics and baseline characteristics 
[sample size, mean (range) age].

(III) Details of the intervention (cell type, number of 
cells injected, method of cell) delivery (intravenous 
or intra-pancreatic administration).

(IV) Control conditions (no treatment, placebo therapy).
(V) Outcome measures (reported outcomes, adverse 

events, follow-up time and mechanism).

Assessment of risk of bias in included studies
The risk of bias was assessed independently by the two 
authors using the CONSORT checklist for reporting details 
of intervention for the treatment of diabetes (14).

The following domains were assessed for the risk of bias:
(I) Selection bias in terms of random sequence 

generation and allocation concealment.
(II) Performance bias  in  terms of  b l inding of 

participants, investigators and outcome assessors.
(III) Detection bias in terms of blinding of outcome 

assessment.
(IV) Attrition bias in terms of incomplete outcome data.
(V) Reporting bias in terms of selective outcome 

reporting.
(VI) Other bias in terms of for example, conflicts of 
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interest, follow-up, non-intention-to-treat or 
per-protocol analysis. Disagreements between 
the authors in certain articles were resolved by 
discussion.

Measures of treatment effect

Review Manager 5.3 was used for data analysis and 
quantitative data synthesis. The treatment effect was 
measured using standardized mean difference (SMD) with 
95% confidence intervals (CIs) in the case of continuous 
variables. Besides, a risk ratio (RR) with 95% CIs for 
analysis was used for categorical variables.

Unit of analysis issues

In the included trials, subjects were randomized into two 
intervention groups; and a measurement for each outcome 
was collected and analyzed. Data from the parallel group-
designed and cross-over designed trials were included.

Dealing with missing data

Attempt was made to contact the corresponding authors 
of the studies that had missing or insufficient data. If 
it is not possible to get the missing data, then only the 
available data were analyzed and a sensitivity analysis 
was performed to determine whether the results are 
inconsistent.

Assessment of heterogeneity

Heterogeneity between the studies in terms of the measures 
of effect was assessed using both the Chi-square based Q 
test and I2 statistics. The result of the Q test was considered 
statistically significant at P<0.1. If the I2<50%, the study 
would be considered as not having heterogeneity. However, 
I2≥50% indicated significant statistic heterogeneity which 
would be reported accordingly, and meta-regression or a 
subgroup analysis was performed to explore the possible 
causes.

Assessment of reporting biases

Publication bias was assessed using the Egger test. Also, 
Funnel plots were used to detect possible reporting 
biases.

Data synthesis

Meta-analysis was performed using Review Manager 5.3. 
The results of Q test were presented using either a fixed 
effect or random effect models. In case of significant 
statistical heterogeneity, a random effect model was used; 
otherwise, a fixed effect model was used. Also, subgroup 
analyses or meta-regression were conducted if heterogeneity 
was present.

Subgroup analysis

If significant heterogeneity was observed, subgroup analyses 
were performed using both following assumptions:

(I) Comparison between stem cell therapy and no 
treatment.

(II) Comparison between stem cell therapy and 
placebo.

Sensitivity analysis

A sensitivity analysis was conducted considering the quality 
of selected studies (risk of bias) in order to investigate 
potential sources of heterogeneity. The methodological 
quality was assessed based on sample size and the effect 
of missing data. The meta-analysis was repeated and low-
quality studies were excluded. The results were compared 
and discussed according to the extracted results from other 
studies.

Ethics and dissemination

In this study, ethical approval was not required because the 
data were extracted from peer-reviewed publications.

Ethical approval

This research was approved by the Ethics Committee of 
Tehran University of Medical Sciences, Tehran, Iran.

Results

Search results and description of studies

Overall, a total of 4,629 relevant studies were initially 
found. After removing 990 duplicates studies and the title-
abstract screening also excluded 3,639 studies, a total of 
27 studies were finally used for the systematic review and 
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meta-analysis. Figure 1 outlines the search method and the 
number of studies identified and selected during each phase 
of the search.

Table 1 provides a detailed overview of the 27 studies. 
Out of the 27 trials, the mean patient age with diabetes 
was 31.71±21.47 years. The total of the patients were 705 
subjects among whom 245 were females (34.75%) and the 
remaining were male. Stem cell therapy had been practiced 
in patients with both T1DM (16 studies, 342 patients) and 
T2DM (11 studies, 363 patients).

Given the source of cells, six trials used HSCs (149 
patients), six studies used BM-mononuclear cells (BM-
MNCs) (195 patients), five studies used UCB (74 patients), 
two trials used UC-MSCs (51 patients), 3 studies used a 
combination of various stem cells (73 patients), one study 
used BM-MSCs (20 patients), and one study used placenta-
derived MSCs (PD-MSCs, 10 patients). Two studies used 
MPCs (91 patients) and one study used FSCs (42 patients). 
These studies locations were India (n=4), Brazil (n=1), USA 
(n=4), Poland (n=1), China (n=12), Germany (n=1), Sweden 
(n=1), Australia (n=1), Ukraine (n=1), and Lebanon (n=1).

The outcome of stem cell therapy for T1DM

The mean age of patients with T1DM was 17.31±11.08 years. 
Stem cell therapy was performed in 16 trials [342 patients 
with T1DM, 132 females (38.59%)] (Table 1). Stem cell 
therapy improved the c-peptide levels as well as glycosylated 
hemoglobin (HbA1C), and had a positive effect on these 
variables, but induced a negative impact on insulin daily 
requirement and failed to resolve this problem (Table 2, 
Figures 2 and 3).

The outcome of stem cell therapy for T2DM

The mean patient age with T2DM was 56.20±7.49 years. 
Stem cell therapy was performed in 11 studies [363 
patients with T2DM, 113 females (31.12%)] (Table 1). 
Stem cell therapy improved the insulin daily requirement 
levels, as well as HbA1C, and had a positive effect on 
these variables, but had a negative impact on c-peptide  
(Table 2, Figures 2 and 3).

Our review concluded that 20 various adverse events 
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were reported for patients treated with stem cells among 
which fever was the highest reported symptom with an 
incidence rate of 0.14%. Also, muscle strain, contusion, viral 
gastroenteritis, hematuria, and folliculitis complications 
were the lowest reported adverse effects, with an incidence 
rate of 0.02% (Table 3).

Discussion

With the increasing incidence of DM, several approaches 
to clinically deal with this disease have been reviewed so 
far. One of these new methods is the application of stem 
cell therapy to improve diabetic complications, especially 
in T1DM. With the popularity of cell therapy, in addition 
to increasing longevity, a healthier life is promising for  
humans (42,43).

To the best of our knowledge, the present meta-analysis 
considers all available evidence on stem cell therapy for DM 
and critically assesses and quantifies the safety and efficacy 
of this approach as well. All types of stem cell therapies 
applied in both T1DM and T2DM patients were included. 
Our analysis showed that the intravenous administration 
of CD34+ BM-HSC is a better treatment approach for 
T1DM than others. Nevertheless, a dearth of clinical 
studies conducted in this field is apparent (19,36). Although 
MSCs are widely reported to yield the greatest therapeutic 
success (19,21,30,32,34,36), FSCs, exclusively used for 
T2DM treatment, lead to decrease in hyperinsulinemia and 
consequently lower insulin resistance (40). Recently, the 

safety, tolerability, and therapeutic effects of adult allogeneic 
bone-marrow derived MPCs in patients with and without 
moderate to severe diabetic nephropathy have been explored 
and it demonstrated that the safety of rexlemestrocel-L 
in diabetic nephropathy with suggestive effects on renal 
function needs to be confirmed in appropriately larger trials 
(37,39). But, UCB failed to improve C-peptide, HbA1c, and 
insulin utilization levels in T1DM patients (17,20,26,28,31). 
Thus, stem cell therapy seems to be a safer form of 
transplantation therapy for the treatment of DM compared 
to whole organ and islet transplantation.

Limitation

There were some markers to evaluate DM in patients. But 
some of the studies reported c-peptide, HbA1C and insulin 
daily requirement for this, and a few studies reported 
another marker which is not enough for meta-analysis.

Conclusions

Stem cells have the ability to be self-renewed and 
differentiate into a variety of cells, including blood, heart, 
nervous and cartilage cells. Paradoxically, it has been stated 
that these cells also have the potential to form cancer cells. 
These possible risks necessitate that both medical specialists 
and patients should proceed the treatment with caution; thus, 
it is critically crucial to conduct further research on stem cell 
therapy considering their risk and benefits in the first place.

Table 2 The effect of stem cell therapy on the insulin daily requirement levels, HbA1C and peptide in different types of diabetes

Variables Type of diabetes
Summary estimates of mean 

difference 95% CI
P value I2 (%) Heterogeneity test

HbA1C (%) T1DM 1.71 (0.51, 2.92) 0.005 94 3,076 (P<0.0001)

T2DM 1.27 (0.84, 1.70) <0.0001 88 68.80 (P<0.0001)

C-peptide (ng/mL) T1DM −0.25 (−0.45, −0.05) 0.01 98 711.18 (P<0.0001)

T2DM −0.13 (−0.96, 0.70) 0.76 99 630.14 (P<0.0001)

Daily insulin requirement  
(U/kg per day)

T1DM 0.07 (−0.07, 0.20) 0.35 99 833.70 (P<0.0001)

T2DM 0.23 (0.03, 0.44) 0.02 93 44 (P<0.0001)
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Figure 2 Forest plots showing the individual results of administrating different types of stem cells in diabetes mellitus: (A) HbA1C (%); (B) 
C-peptide (ng/mL); (C) daily insulin requirement (U/kg per day). HbA1C, glycosylated hemoglobin.
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Figure 3 Funnel plot of comparing the individual results of administrating different types of stem cells in diabetes mellitus: (A) HbA1C (%); 
(B) C-peptide (ng/mL); (C) daily insulin requirement (U/kg per day). HbA1C, glycosylated hemoglobin.

Table 3 Adverse effects

Outcome Studies N P (95% CI) I2 (%)

Infection 3 16 0.14 (0.06–0.23) 30.5

Nausea 5 14 0.08 (0.0–0.15) 76.57

Vomiting 3 5 0.07 (0.01–0.14) 0

Muscle strain 1 1 0.02 (0.0–0.09) 0

Contusion 1 1 0.02 (0.0–0.09) 0

Gastroenteritis viral 1 1 0.02 (0.0–0.09) 0

Abdominal pain 1 5 0.08 (0.03–0.18) 0

Hematoma 3 3 0.03 (0.0–0.07) 0

Hemorrhage 1 3 0.08 (0.02–0.20) 0

Injury 1 4 0.07 (0.02–0.16) 0

Nasopharyngitis 1 3 0.05 (0.01–0.14) 0

Hematuria 1 1 0.02 (0.00–0.08) 0

Fever 4 27 0.25 (0.09–0.41) 73.8

Folliculitis 2 2 0.02 (0.0–0.05) 0

Bilateral pneumonia 1 2 0.09 (0.01–0.28) 0

Graves’ disease 1 1 0.04 (0.00–0.07) 0

Diarrhea 3 5 0.04 (0.00–0.14) 40.26

Sinusitis 2 3 0.04 (0.00–0.22) 0

Rash 2 13 0.05 (0.01–0.09) 0

Febrile neutropenia 1 5 0.63 (0.24–0.91) 0
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