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ABSTRACT: Diabetes mellitus (DM) is a chronic metabolic disease with high morbidity and mortality. Recently, 

stem cell-based therapy for DM has shown considerable promise. Here, we undertook a systematic review and 

meta-analysis of published clinical studies to evaluate the efficacy and safety of stem cell therapy for both type 1 

DM (T1DM) and type 2 DM (T2DM). The PubMed, Cochrane Central Register of Controlled Trials, EMBASE, 

and ClinicalTrials.gov databases were searched up to November 2018. We employed a fixed-effect model using 

95% confidence intervals (CIs) when no statistically significant heterogeneity existed. Otherwise, a random-

effects statistical model was used. Twenty-one studies met our inclusion criteria: ten T1DM studies including 226 

patients and eleven T2DM studies including 386 patients. Stem cell therapy improved C-peptide levels (mean 

difference (MD), 0.41; 95% CI, 0.06 to 0.76) and glycosylated hemoglobin (HbA1c; MD, -3.46; 95% CI, -6.01 to 

-0.91) for T1DM patients. For T2DM patients, stem cell therapy improved C-peptide levels (MD, 0.33; 95% CI, 

0.07 to 0.59), HbA1c (MD, -0.87; 95% CI, -1.37 to -0.37) and insulin requirements (MD, -35.76; 95% CI, -40.47 

to -31.04). However, there was no significant change in fasting plasma glucose levels (MD, -0.52; 95% CI, -1.38 

to 0.34). Subgroup analyses showed significant HbA1c and C-peptide improvements in patients with T1DM 

treated with bone marrow hematopoietic stem cells (BM-HSCs), while there was no significant change in the 

mesenchymal stem cell (MSC) group. In T2DM, HbA1c and insulin requirements decreased significantly after 

MSC transplantation, and insulin requirements and C-peptide levels were significantly improved after bone 

marrow mononuclear cell (BM-MNC) treatment. Stem cell therapy is a relatively safe and effective method for 

selected individuals with DM. The data showed that BM-HSCs are superior to MSCs in the treatment of T1DM. 

In T2DM, MSC and BM-MNC transplantation showed favorable therapeutic effects. 

 

Key words: diabetes mellitus, stem cells, cell therapy, meta-analysis, regenerative medicine, systematic review 

 

 

 

 

 
 According to a report from the International Diabetes 

Federation, there were 424.9 million diabetic patients 

aged 20–79 years worldwide in 2017, and the number is 

expected to reach 628.6 million by 2045 [1]. In addition, 

the number of children and adolescents (0–19 years old) 

with type 1 diabetes has reached 1.1 million [1]. Diabetes 

mellitus (DM), including type 1 DM (T1DM) and type 2 

DM (T2DM), is one of the most common chronic diseases 

worldwide, with high morbidity and mortality rates. 

Although T1DM and T2DM have different 

pathophysiological mechanisms, including immune-

inflammatory destruction of β-cells in T1DM and insulin 
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resistance with β-cell dysfunction in T2DM [2-4], they 

both cause hyperglycemia and chronic multisystem 

complications. The complications of DM include 

microvascular disease (i.e., retinopathy, nephropathy, and 

neuropathy) and macrovascular disease (i.e., 

cardiovascular disease, cerebrovascular accidents, and 

peripheral vascular disease) [5, 6]. Insulin and other 

external hypoglycemic agents are often used to control 

high blood glucose but they cannot accurately mimic the 

secretion of endogenous insulin and may cause reactive 

hypoglycemia [7, 8]. Pancreas or islet transplantation is 

another alternative treatment. Whole pancreas 

transplantation can quickly control hyperglycemia and 

eliminate the need for exogenous insulin 

supplementation. However, drawbacks include the high 

morbidity associated with a major surgery, limited 

availability of donor pancreas, and lifelong 

immunosuppression and its attendant risks, including 

infection and malignancy [9, 10]. The rate of islet 

transplantation is lower than that associated with whole 

pancreas transplantation, but graft survival is limited and 

outcomes are variable, with only 10% of cases showing 

insulin independence after 5 years [11]. Other forms of 

encapsulation, immunomodulation, and delivery 

technologies are still under development, and remain 

challenging to implement [12]. 

Stem cells show significant therapeutic potential in 

patients with diabetes, due to their immunomodulatory 

properties and ability to regenerate into insulin-producing 

cells (IPCs) [13-15]. Voltarelli et al. used hematopoietic 

stem cells (HSCs) to treat newly diagnosed T1DM 

patients and reported encouraging results [16]. Bhansali et 

al. showed that bone marrow-derived stem cells are also a 

safe and effective treatment for T2DM to improve β-cell 

function [17]. Since then, a number of clinical studies on 

the treatment of T1DM and T2DM have been conducted 

involving bone marrow hematopoietic stem cells (BM-

HSCs), mesenchymal stem cells (MSCs), and bone 

marrow mononuclear cells (BM-MNCs). However, it is 

unclear which type of stem cells is most effective in 

treating diabetes, and one study reported that severe 

infectious diseases occur after stem cell treatment [18]. 

Two meta-analyses explored the effects of stem cells on 

diabetes, but their findings were inconsistent [19, 20]. 

Indeed, Rahim et al. showed that stem cell therapy has a 

negative effect on C-peptide in patients with type 2 

diabetes [19], but El-Badawy et al. found that stem cell 

therapy can improve C-peptide levels [20]. In addition, 

they studied changes in glycosylated hemoglobin 

(HbA1c) and C-peptide but did not systematically analyze 

fasting plasma glucose (FPG) levels, insulin 

requirements, or adverse events after stem cell therapy. 

We therefore undertook a systematic review and meta-

analysis of clinical studies to evaluate the efficacy and 

safety of stem cell therapy for both T1DM and T2DM. We 

define safety as a lack of obvious adverse events and 

efficacy as a significant improvement in pancreatic 

endocrine function after stem cell therapy, which can be 

indexed by improvements in laboratory parameters such 

as HbA1c, C-peptide, FPG, and insulin requirements. 

The objective of this systematic review and meta-

analysis was to establish a summary estimate of the 

efficacy and safety of different types of stem cells in 

T1DM and T2DM. We also aimed to identify the most 

effective and safe cell types for T1DM and T2DM, to help 

optimize future stem cell treatment options for diabetes. 

 

MATERIALS AND METHODS 

This review was performed according to the 

recommendations of the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) 

guideline [21]. 

Search strategy and selection criteria 

A comprehensive search of the PubMed, Cochrane 

Central Register of Controlled Trials, EMBASE, and 

ClinicalTrials.gov databases was conducted, with no 

language or time restrictions until November 2018. The 

search strategy (see Supplementary Table 1) included the 

following medical keywords: “diabetes mellitus”, 

“hyperglycemia”, “stem cells”, “progenitor cells”, 

“hematopoietic stem cells”, “mesenchymal stem cells”, 

“bone marrow mononuclear cells”, and “cell therapy”. 

Filters were set for human studies and clinical trials, and 

the search field was set to the title or abstract. The 

inclusion criteria were studies with the following 

elements: (1) human subjects; (2) patients diagnosed with 

T1DM or T2DM; (3) stem cell therapy; and (4) 

availability of laboratory parameters for diabetes, for 

example, HbA1c, C-peptide, FPG, and insulin 

requirements. Exclusion criteria were studies on animals, 

reviews, conference proceedings, or studies for which the 

full text was unavailable. To ensure the quality of the 

included studies, we did not include gray literature. 

Data extraction and quality assessment 

 

Data extraction was independently conducted by two 

investigators using a standardized approach to ensure 

accuracy of the data. Disagreement was resolved through 

discussion. The data collected included study information 

(author, year of publication, country, and follow-up 

period), patient demographics (number, median or mean 

age of patients, sex, and history of disease), cell 

information (regimen, number, and delivery route), and 

laboratory parameters for diabetes (HbA1c, C-peptide, 

FPG, and insulin requirements) during the follow-up 

period. A subgroup analysis was performed based on 
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different stem cell types to determine the effect of cell 

source on the efficacy and safety of diabetes treatment. 

The meta-analysis evaluated the efficacy of stem cell 

therapy according to the changes in laboratory parameters 

for diabetes after treatment. The primary study outcomes 

were changes in C-peptide and HbA1c levels after stem 

cell therapy and whether there was an adverse reaction 

after treatment. Changes in FPG levels and insulin 

requirements after stem cell therapy were considered as 

secondary outcomes.  

Two authors independently assessed the quality of 

the included studies using the Downs and Black quality 

assessment method [22], which is appropriate for 

assessing both randomized and non-randomized studies. 

The quality of evidence was evaluated based on criteria 

for reporting, external validity, internal validity (bias and 

confounding), and power using the Downs and Black 

quality assessment tool. The maximum total score on the 

Downs and Black quality assessment tool is 32, with 

higher scores reflecting higher-quality research. If there 

was disagreement between the two authors, a consensus 

was reached through discussion or with assistance from a 

third author. 

Data analysis and statistical methods 

 

The mean difference (MD) and related 95% confidence 

intervals (CIs) were calculated to evaluate the efficacy of 

stem cell-based therapy. All statistical analyses were 

conducted using the Review Manager Version 5.3 

database. MD data before and after treatment were 

calculated using forest plots with meta-analysis in one 

arm. The amount of heterogeneity between studies was 

evaluated using the Cochrane Q-test (P < 0.1 was 

considered to indicate significance) and the I² statistic (I² 

> 50% was considered to indicate high heterogeneity). We 

used a fixed-effect model with 95% CIs when no 

statistically significant heterogeneity existed. A random-

effects statistical model was used when data showed 

significant heterogeneity. To identify heterogeneity, a 

sensitivity analysis with omission of one study at a time 

was performed. We were unable to evaluate publication 

bias because the sample size in each subgroup of studies 

was relatively small. 

Role of funding source 

 

The funder had no role in the study design, data collection, 

management, analysis, or interpretation, or in the 

preparation or decision to publish the manuscript. All 

authors had full access to all research data and the 

corresponding author was ultimately responsible for the 
decision to submit the paper. 

 

 

 
Figure 1. Flow chart of the selection process for this meta-

analysis. 

 

 

RESULTS 

 

Trial selection 

 

As shown in Figure 1, the electronic search yielded a total 

of 338 citations. Of these, 30 duplicated articles were 

excluded. After the titles and abstracts had been 

examined, 257 articles were excluded due to being 

irrelevant, or being in the form of animal trials, molecular 

studies, or reviews. After the full texts had been assessed, 

30 articles were excluded because the data were not 

available, no related clinical outcomes were reported, or 

the outcomes were combined with other treatments. As a 

result, 21 eligible clinical trials reporting stem cell-based 

therapy for DM were included in the meta-analysis. 

Characteristics of the included studies 

 

The characteristics of the 21 included studies are 

presented in Table 1. The studies were published from 

2007 to 2017 and were conducted in China, Poland, 

Brazil, Sweden, India, and the United States. The studies 

included patients with T1DM (10 studies, 226 patients, 

mean age 19.51 years) or T2DM (11 studies, 386 patients, 

mean age 52.91 years). These patients had an average 

diabetes history ranging from 0 (new-onset) to 15.8 years. 

BM-HSC (T1DM, 8 studies, 179 patients), MSC (T1DM, 
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2 studies, 47 patients; T2DM, 6 studies, 180 patients), and 

BM-MNC (T2DM, 6 studies, 216 patients) therapies were 

all included in this analysis. Among them, one study 

compared the efficacy of BM-MSCs and BM-MNCs in 

T2DM therapy [23]. Only nine articles included a control 

group, which received either insulin or placebo, with the 

experimental group receiving stem cell therapy. The 

follow-up period ranged from 12 weeks to 48 months. 

Some of the research data were not included in various 

studies, such as body mass index, cholesterol and waist 

circumference, and these data are thus not shown.  

Quality assessment scores ranged from 20 to 25 

(maximum possible score of 32), with the average score 

being 21.7 (see Supplementary Table 2). The included 

studies all met the methodological quality criteria items of 

more than 60%. The most common weaknesses in the 

study methods were a lack of blinding, non-randomized 

design, insufficient information on compliance, presence 

of confounding factors, and lack of information for 

determining whether the experimental population was 

representative. 

 

 

 
 
Figure 2. Forest plot of C-peptide levels in type 1 diabetes mellitus (T1DM). Comparison of C-peptide levels in T1DM 

individuals between baseline and 12 months after stem cell therapy. A random-effects meta-analysis model (Mantel-

Haenszel method) was used in this analysis. Each trial is represented by a square, the center of which denotes the mean 

difference (MD) for that trial. The size of the square is proportional to the information in that trial. The ends of the horizontal 

bars denote a 95% confidence interval. The black diamond gives the overall MD for all trials combined. 

 

Outcome of stem cell therapy for T1DM 

 

Ten studies (226 patients, including 33 controls) were 

included in the analysis of stem cell therapy for T1DM. 

 

C-peptide 

 

C-peptide levels reflect the level of synthesis of 

endogenous insulin, even in individuals receiving 

exogenous insulin. Information on C-peptide was 

available in six trials, including 115 patients treated with 

stem cell therapy [16, 18, 24-27]. The estimated pooled 

MD for these six trials revealed a significant increase in 

C-peptide at the 12-month follow-up (MD, 0.41; 95% CI, 

0.06 to 0.76; P < 0.001). Regarding the effects of BM-
HSC therapy, at the 12-month follow-up there was a 

significant increase in the estimated pooled MD in C-

peptide for the five trials with 105 patients (MD, 0.49; 

95% CI, 0.24 to 0.74; P < 0.001) [16, 18, 24-26]. In 

contrast, there was no significant change in an MSC 

therapy group with 10 patients (MD, 0.03; 95% CI, -0.01 

to 0.07) [27]; however, only one study with C-peptide data 

included an MSC therapy group. These results are shown 

in Figure 2. 

The pooled analysis showed significant 

heterogeneity in C-peptide levels. Sensitivity analysis 

revealed that one study [18] had a major impact on this 

heterogeneity (see Supplementary Table 3A). After 

excluding that study, the heterogeneity decreased 

significantly. 

 

HbA1c 

 

HbA1c is a stable marker that primarily reflects the 

average FPG level in the past 3 months. Information on 
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HbA1c was available in five trials including 112 patients 

receiving stem cell therapy [18, 24, 25, 27, 28]. At the 12-

month follow-up, stem cell therapy resulted in a 

significant decrease in HbA1c, as reflected in the 

estimated pooled MD of HbA1c for these five trials (MD, 

-3.46; 95% CI, -6.01 to -0.91; P < 0.001). Regarding the 

efficacy of BM-HSC therapy, at 12 months the estimated 

pooled MD of HbA1c for the four trials with 104 patients 

showed a significant decrease (MD,-4.11; 95% CI, -5.11 

to -3.11; P < 0.001) [18, 24, 25, 28]. However, in the MSC 

therapy group, there was no significant improvement in 

one trial with eight patients [27] (MD, -0.04; 95% CI, -

0.09 to 0.01). These results are shown in Figure 3. 

The pooled analysis showed significant 

heterogeneity in HbA1c levels. Sensitivity analysis 

showed that one study [28] had a major impact on this 

heterogeneity (see Supplementary Table 3B). After 

excluding that study, the heterogeneity decreased 

significantly. 

 

 
Table 1. Characteristics of the included studies. 

 

Author and year Country 

Sample size 

(cell therapy/ 

control) 

Male (%) (cell 

therapy/control) 

Mean age (cell 

therapy/control) 

(years) 

History 

of DM 
Regimen 

Regimens 

(cell 

number) 

dose 

Injection mode 

Mean 

follow-

up 

period 

Ye 2017 [25] China 8/10(T1DM) 37.5% /40% 18.86 /20.18 <6 m 
BM-

HSC 
NA IV 12 m 

D'Addio 2014 

[18] 
Poland 65(T1DM) 63% 20.4 <12 m 

BM-

HSC 
5.8 ×l06 /kg IV 48 m 

Zhang 2012 [26] China 9(T1DM) 55.6% 17.6 2 y 
BM-

HSC 

12.31 ×l06 

/kg 
IV 12 m 

Li 2012 [39] China 13(T1DM) 69.2% 14.1 <12 m 
BM-

HSC 
4 ×l06 /kg IV 42 m 

Gu 2012 [44] China 28(T1DM) 50% 17.6 3 m 
BM-

HSC 
NA IV 19.3 m 

Snarski 2010 [24] Poland 8(T1DM) 50% 25.8 2 m 
BM-

HSC 
4.14×l06 /kg IV 7 m 

Couri 2009 [28] Brazil 23(T1DM) 73.9% 18.4 <2 m 
BM-

HSC 
10.52×l06 /kg IV 29.8 m 

Voltarelli 2007 

[16] 
Brazil 15(T1DM) 73.3% 19.2 <2 m 

BM-

HSC 
11 ×l06 /kg IV 18.8 m 

Carlsson 2014 

[27] 
Sweden 9/9(T1DM) 88.9% /55.6% 24 /27 <3 w MSC 2.75 ×l06 /kg IV 12 m 

Hu 2013 [36] China 15/14(T1DM) 60% /57.1% 17.6 /18.2 
New 

onset 
MSC 2.6 ×107/kg IV 21 m 

Bhansali 2017 

[23] 
India 10/10(T2DM) 80% /60% 50.5 /53.5 14.5 y MSC 1 ×l06 /kg  

Superior 

pancreatico-

duodenal artery 

12 m 

Hu 2016 [34] China 31/30(T2DM) 54.8% /53.3% 52.43 /53.21 
8.95 

/8.3 y 
MSC 6.1 ×107 IV 36 m 

Skyler 2015 [47] USA 45/16(T2DM) 62.2% /75% 56.7 /58.7 10.1y MSC 1.1×106/kg IV 12 w 

Guan 2015 [48] China 6(T2DM) 100% 40.5 42.7 w MSC 0.88×106/kg IV 33.2 m 

Liu 2014 [30] China 22(T2DM) 68.18% 52.9 8.7 y MSC 1×106/kg 

IV on Day 5+ 

Splenic artery 

on Day 10 

12 m 

Jiang 2011 [29] China 10(T2DM) 70% 66 11 y MSC 1.35 ×106 IV 6 m 

Bhansali 2017 

[33] 
India 7(T2DM) 85.7% 46 15 y 

BM-

MNC 
1.2 ×109 

Superior 

pancreatico-

duodenal artery 

6 m 

Bhansali 2017 

[23] 
India 10/10(T2DM) 70% /60% 44.5 /53.5 13.5 y 

BM-

MNC 
1 ×109 

Superior 

pancreatico-

duodenal artery 

12 m 

Wu 2014 [32] China 20/20(T2DM) 60% /55.5% 56.4 /54.9 9.7 y 
BM-

MNC 
4.01×109 

Dorsal 

pancreatic 

artery 

12 m 

Bhansali 2014 

[31] 
India 11/10(T2DM) 81.8% /70% 51 /54 15.8 y 

BM-

MNC 
2.9 ×108 

Superior 

pancreatico-

duodenal artery 

12 m 

Hu 2012 [35] China 56/62(T2DM) 67.8% /58% 50.4 /50.2 8.6 y 
BM-

MNC 
2.8 ×109 

Dorsal 

pancreatic 

artery 

33 m 

Bhansali 2009 

[17] 
India 10(T2DM) 80% 57.5 14.6 y 

BM-

MNC 
3.5 × 108 

Superior 

pancreatico-

duodenal artery 

6 m 

 

Abbreviations: DM: diabetes mellitus; T1DM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus; BM-HSCs: bone marrow hematopoietic stem 

cells; MSCs: mesenchymal stem cells; BM-MNCs: bone marrow mononuclear cells; NA: not available; IV: intravenous. 
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Figure 3. Forest plot for glycosylated hemoglobin (HbA1c) in T1DM. Comparison of HbA1c levels in T1DM individuals 

between baseline and 12 months after stem cell therapy. A random-effects meta-analysis model (Mantel-Haenszel method) was 

used in this analysis. 

 

Insulin requirement 

 

Because the data on insulin requirement were not always 

sufficient, we did not include these data in the meta-

analysis. After BM-HSC transplantation, exogenous 

insulin requirements decreased significantly during the 

follow-up period, and 91 of 152 (59.9%) patients achieved 

exogenous insulin independence. In MSC transplantation 

therapy, insulin independence was observed in 3 of 15 

patients (20%) over a mean period of 21 months, and in 8 

patients (53.3%) the daily insulin dose was reduced by 

more than 50% relative to baseline. Overall, a gradual 

decrease in the exogenous insulin requirement was 

observed after stem cell therapy. 

 

Adverse events 

 

Among the 24 patients who underwent MSC 

transplantation, there were no obvious adverse reactions 

to stem cell infusion or administration, such as mortality, 

tumor, or chronic infection. Of the 169 patients who 

underwent HSC transplantation, most experienced mild 

side effects only, such as nausea, vomiting, fever, or 

alopecia. However, 10 patients (5.9%) reported infection, 

3 (1.8%) had endocrine dysfunction (hypothyroidism or 

hypogonadism), and 1 (0.59%) died. 

Outcome of stem cell therapy for T2DM 

 

Eleven studies (386 patients, including 148 controls) were 

included in the analysis of stem cell therapy for T2DM. 

C-peptide 

 

Information on C-peptide was available in seven trials 

including 100 patients receiving stem cell therapy [17, 23, 

29-33]. The estimated pooled MD for these seven trials 

revealed a significant increase in C-peptide (MD, 0.33; 

95% CI, 0.07 to 0.59; P < 0.001). There was no change in 

C-peptide in the MSC group of three trials including 42 

patients (MD, 0.24; 95% CI, -0.27 to 0.76; P = 0.08) [23, 

29, 30]. Regarding the efficacy of BM-MNC therapy at 12 

months, there was a significant increase in the estimated 

pooled MD for C-peptide for five trials including 58 

patients (MD, 0.36; 95% CI, 0.08 to 0.64; P < 0.001) [17, 

23, 31-33]. These results are shown in Figure 4. 

The pooled analysis showed significant 

heterogeneity in C-peptide levels. In the MSC treatment 

group, sensitivity analysis showed that two studies [23, 

30] had a major effect on this heterogeneity (see 

Supplementary Table 4A). When either of these two 

studies was removed, the heterogeneity was significantly 

reduced. In the BM-MNC treatment group, sensitivity 

analysis showed that one study [33] had a major effect on 

the heterogeneity (see Supplementary Table 4B). After 

that study had been excluded, the heterogeneity decreased 

significantly. 

 

HbA1c 

 

Information on HbA1c was available in nine trials, 

including 187 patients receiving stem cell therapy [17, 23, 

29-35]. The estimated pooled MD in HbA1c for those 
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nine trials showed a significant reduction after stem cell 

therapy (MD, -0.87; 95% CI, -1.37 to -0.37; P < 0.001). 

A significant reduction in HbA1c was observed in the 

MSC group (73 patients in four studies; MD, -1.54; 95% 

CI, -2.48 to -0.61; P < 0.001) [23, 29, 30, 34]. Regarding 

the efficacy of BM-MNC after 12 months of therapy, the 

estimated pooled MD of HbA1c for six trials including 

114 patients did not show a significant improvement (MD, 

-0.51; 95% CI, -1.13 to 0.11; P < 0.001) [17, 23, 31-33, 

35]. These results are shown in Figure 5. 

The pooled analysis showed significant 

heterogeneity in HbA1c levels. In the MSC treatment 

group, sensitivity analysis showed that one study [23] had 

a major effect on the heterogeneity (see Supplementary 

Table 4C). After that study was excluded, the 

heterogeneity decreased significantly. In the BM-MNC 

treatment group, regardless of the removal of any study, 

the heterogeneity was not significantly reduced (see 

Supplementary Table 4D). 

 

 

 
 
Figure 4. Forest plot of C-peptide levels in type 2 diabetes mellitus (T2DM). Comparison of C-peptide levels in T2DM 

individuals between baseline and 12 months after stem cell therapy. A random-effects meta-analysis model (Mantel-

Haenszel method) was used in this analysis. 

 

Insulin requirements 

 

Information on insulin requirement was available in five 

trials that included 58 patients receiving stem cell therapy 

[17, 23, 29, 31, 33]. The estimated pooled MD for these 

five trials showed a significant reduction in exogenous 

insulin requirement at the 12-month follow-up (MD, -

35.76; 95% CI, -40.47 to -31.04; P = 0.13). Significant 

decreases in insulin requirements were observed in the 

MSC group (two trials including 20 patients) after 12 

months of therapy (MD, -25.95; 95% CI, -35.47 to -16.43; 

P = 0.57) [23, 29]. Similarly, regarding the efficacy of 

BM-MNC therapy, exogenous insulin requirement at 12 

months showed a significant reduction, as reflected by the 

estimated pooled MD for four trials including 31 patients  

(MD, -38.95; 95% CI, -44.38 to -33.51; P = 0.43) [17, 23, 
31, 33]. Exogenous insulin was discontinued in 20 of 64 

(31.25%) patients after MSC transplantation, and 27 of 64 

(42.2%) patients showed a more than 50% reduction in 

insulin requirement. Of the 94 patients who received BM-

MNC transplantation, exogenous insulin was 

discontinued in 20 patients (21.3%), the daily insulin 

dosage was reduced by more than 50% of the baseline in 

44 patients (46.8%), and the daily insulin dosage was 

reduced by 15–50% in 18 patients (19.1%). These results 

are shown in Figure 6. 

 

FPG 

 

Information regarding FPG was available in eight trials 

that included 177 patients receiving stem cell therapy [17, 

23, 30-35]. The estimated pooled MD for the eight trials 

showed no significant improvement in FPG levels (MD, -

0.52; 95% CI, -1.38 to 0.34; P < 0.001). There was no 

obvious change in FPG level in the MSC group for three 
trials including 63 patients (MD, -0.49; 95% CI, -2.60 to 

1.63; P < 0.001) [23, 30, 34]. Regarding the efficacy of 

BM-MNC therapy at the 12-month follow-up, no 
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significant reduction in the estimated pooled MD was 

seen for six trials including 114 patients (MD, -0.53; 95% 

CI, -1.53 to 0.46; P < 0.001) [17, 23, 31-33, 35]. These 

results are shown in Figure 7. 

 

 

 
 
Figure 5. Forest plot of HbA1c in T2DM. Comparison of HbA1c levels in T2DM individuals between baseline 

and 12 months after stem cell therapy. A random-effects meta-analysis model (Mantel-Haenszel method) was used 

in this analysis. 

 

The pooled analysis showed significant heterogeneity 

in FPG levels. In the MSC treatment group, a sensitivity 

analysis showed that one study [34] had a major effect on 

the heterogeneity (see Supplementary Table 4E). After 

that study was excluded, the heterogeneity decreased 

significantly. In the BM-MNC treatment group, 

regardless of which study was removed, the heterogeneity 

was not significantly reduced (see Supplementary Table 

4F). 

 

Adverse events 

 

The side effects of MSC transplantation included mild and 

moderate fever in 3 of the 124 patients (2.42%) and 

nausea, vomiting, and headache in 1 patient (0.81%). Of 

the 114 patients receiving BM-MNC transplantation, 

nausea and vomiting occurred in 7 patients (6.14%), 

injection site hematoma developed in 1 patient (0.88%), 

punctate hemorrhage occurred in 3 patients (2.63%), and 

abdominal pain occurred in 3 patients (2.63%). These 

stem cell therapy-related adverse reactions were mild, and 

patients recovered spontaneously. 
 

 

DISCUSSION 

 

This meta-analysis evaluated the clinical efficacy and 

safety of stem cell transplantation for patients with T1DM 

and T2DM in several countries. We demonstrated that 

stem cell therapy could improve the levels of C-peptide, 

HbA1c, and insulin requirements for T1DM patients. 

To determine the impact of different stem cells on 

diabetes treatment, we conducted subgroup meta-analyses 

according to cell type. Our analysis showed significant 

HbA1c reduction and C-peptide improvement in patients 

with T1DM treated with BM-HSC. Additionally, 59.9% 

of treated T1DM patients achieved exogenous insulin 

independence after BM-HSC transplantation therapy. 

However, there was no significant reduction in HbA1c or 

improvement in C-peptide levels in T1DM patients who 

received MSC treatment, and only 20% of treated T1DM 

patients achieved exogenous insulin independence. In 

particular, MSCs can be isolated from a variety of tissues 

including bone marrow, umbilical cord, placenta, and 

adipose tissues. In the studies we included, MSCs were 

derived from bone marrow or umbilical cord tissue. 
Carlsson et al. reported no significant difference in 

HbA1c, insulin requirements, or C-peptide levels after 
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treatment with bone marrow-derived MSCs [27]. Hu et al. 

reported that both the HbA1c and C-peptide levels in 

umbilical cord-derived MSC group patients were 

significantly better than both pre-therapy values and those 

in control group patients during the follow-up period [36]. 

Therefore, umbilical cord-derived MSCs appear to be 

more effective than bone marrow-derived MSCs in the 

treatment of T1DM. However, there are few studies on 

MSC treatment for T1DM, and the sample size in this 

study was small. More studies are needed to explore 

which source of MSCs is most suitable for treatment. In 

conclusion, BM-HSCs showed better efficacy in 

improving C-peptide levels, HbA1c levels, and 

exogenous insulin requirements than did MSCs. A study 

in alloxan-induced diabetic rats also showed better 

differentiation capacity of BM-HSCs into insulin-

producing cells (IPCs) than BM-MSCs [37]. In a diabetic 

model induced by streptozotocin, transplantation of both 

MSCs and HSCs derived from mouse bone marrow 

improved glycemic control in diabetic mice, but the 

course and mechanism may be different [38]. The 

mechanisms underlying the effect of stem cell 

transplantation in patients with T1DM are not yet fully 

understood. HSC transplantation improved islet cell 

function, possibly by eliminating islet-specific 

autoreactive T cells and reconstituting a decreased 

inflammatory environment [26, 39]. The efficacy of MSC 

treatment for T1DM may be due to its strong immune-

regulating ability [40-43]. Randomized controlled trials 

and further studies with a large number of cases are 

warranted to verify the therapeutic effect of HSC 

transplantation and determine the mechanism of action of 

HSC transplantation in patients with T1DM. 

 

 

 
 
Figure 6. Forest plot of insulin requirement in T2DM. Comparison of insulin requirement in T2DM individuals between 

baseline and 12 months after stem cell therapy. A fixed-effects meta-analysis model (Mantel-Haenszel method) was used in this 

analysis. 

 In the majority of T1DM patients treated with stem 

cells, either no significant adverse reactions occurred or 

mild adverse reactions recovered spontaneously [28, 44]. 

However, with HSC treatment of T1DM, three 

individuals had serious infectious diseases, and one of 

them died of sepsis due to Pseudomonas aeruginosa 

infection [18]. Infectious diseases may arise due to the 

administration of high-dose immunosuppressive therapy 

to mobilize HSCs, although immune function is restored 

after autologous HSC transplantation [18]. Compared 

with other advanced autoimmune diseases, newly 
diagnosed T1DM patients show a lower frequency of 

severe acute complications after HSC treatment [45]. In 

addition, three patients developed endocrine dysfunction 

(hypothyroidism or hypogonadism) [16, 39], which may 

have been caused by autoimmune disorders associated 

with transplant surgery [46]. The occurrence of severe 

adverse events in treated subjects also highlighted the fact 

that HSC transplantation may represent a potential 

therapeutic approach for selected individuals with T1DM 

but is most likely not suitable for all patients. Moreover, 

this finding also confirms that further studies on safer 

treatment options based on stem cells are needed.  

Our study also showed that stem cell therapy could 

improve the levels of C-peptide and HbA1c, and insulin 
requirements, for T2DM patients. However, there was no 

significant change in FPG levels. 
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Figure 7. Forest plot of fasting plasma glucose (FPG) in T2DM. Comparison of FPG levels in T2DM 

individuals between baseline and 12 months after stem cell therapy. A random-effects meta-analysis model 

(Mantel-Haenszel method) was used in this analysis. 

 

We also conducted a subgroup meta-analysis of the 

clinical efficacy of stem cell transplantation for the 

treatment of T2DM. We found that HbA1c and daily 

insulin requirements decreased significantly after MSC 

transplantation in patients with T2DM. However, there 

was no significant improvement in C-peptide or FPG 

levels after MSC transplantation. Our analysis showed 

that after treatment with BM-MNC in patients with 

T2DM, insulin requirements and C-peptide levels were 

significantly improved, while HbA1c and FPG levels did 

not change significantly. Moreover, Wu et al. showed a 

significant increase in quality of life (Short-Form Health 

Survey; SF-36) score during follow-up after BM-MNC 

treatment [32]. Hu et al. found that homeostasis model 

assessment of pancreatic islet β-cell function in an MSC 

infusion treatment group significantly increased during 

the follow-up period compared with baseline levels [34]. 

Similarly, a comparative study of BM-MSCs and BM-

MNCs for the treatment of T2DM showed a significant 

increase in insulin sensitivity in the MSC-treated group, 

while BM-MNC increased the C-peptide response; 

however, both BM-MSC and BM-MNC transplantation 

can lead to a decrease in the dose of exogenous insulin in 

patients with T2DM [23]. In the studies we included, 

MSCs were derived from bone marrow, placenta, or 

umbilical cord tissue. Both Skyler et al. and Bhansali et 

al. have shown that patients with T2DM have reduced 

exogenous insulin requirements after bone marrow-

derived MSC treatment [23, 47]. Jiang et al. found that 

placenta-derived stem cell therapy improves C-peptide, 

HbA1c levels, and insulin requirements, in T2DM 

patients [29]. Similarly, umbilical cord-derived MSC 

therapy can significantly improve C-peptide levels and 

insulin requirements in patients with T2DM [30, 34, 48]. 

Bone marrow, placenta and umbilical cord-derived MSCs 

can improve islet function in T2DM, but it is unclear 

which source of MSC is most suitable for treating the 

disease. To our knowledge, there are no reports 

comparing different sources of MSCs for the treatment of 

T2DM. Moreover, the number of studies available is too 

small to enable subgroup meta-analysis of MSCs derived 

from different sources.  

The above results suggest that stem cell infusion 

could enhance the function of islet β-cells in T2DM 

patients. Although the mechanism of action of stem cell 

therapy for T2DM remains unclear, the mechanism 

underlying the improvement in β-cell function may 

involve the following: (1) stem cells can differentiate into 

islet cells and then secrete insulin [49-51]; (2) stem cells 

differentiate into vascular endothelial cells, which can 

improve blood supply to the pancreas and restore β-cell 

function [52]; (3) MSC transplantation increases glucose 

transporter 4 expression, and levels of phosphorylated 

insulin receptor substrate 1 and Akt (protein kinase B) in 

insulin target tissues [53]; and (4) a relatively small 

quantity of transplanted MSC can transdifferentiate into 

IPCs in the pancreas [54]. In addition, studies have shown 

that MSCs can produce high levels of anti-apoptotic 

signaling molecules to improve the pancreatic 

microenvironment and enhance the expansion of 

endogenous pancreatic stem cells [55, 56]. MSC 

transplantation also reduces the levels of pro-
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inflammatory cytokines such as interleukin (IL)-6 and IL-

1β, which are involved in the development of insulin 

resistance [30, 57, 58]. 

In the patients with T2DM who received stem cell 

therapy, either no significant adverse reactions occurred, 

or mild adverse reactions spontaneously recovered. These 

results suggested that MSCs may be a safe therapeutic 

approach for patients with T2DM.  

Substantial heterogeneity was observed among the 

included studies. The sensitivity analyses suggested that 

heterogeneity could be decreased by excluding only one 

study. However, two pooled analyses showed that 

heterogeneity remained high after omitting any study; 

thus, the results should be interpreted with caution. 

Heterogeneity might have arisen from the non-

homogeneity in the baseline characteristics of the 

subjects, ethnic background, diet, lifestyle, number of 

stem cell transplants, or timing or route of stem cell 

transplantation. In addition, differences in follow-up time 

and the degree of progression of diabetes may also have 

been sources of heterogeneity among the included studies. 

Therefore, additional basic and clinical studies are needed 

to test assess possible mechanisms of stem cell 

transplantation for diabetes, and consensus is required 

regarding the criteria for stem cell transplantation. 

Although our meta-analysis shows that stem cell 

transplantation is safe and effective for most people with 

diabetes, there were several limitations that must be 

considered. First, because some subgroups comprised 

patients from few studies, we evaluated a single study 

with lower statistical ability. Also, the total sample size 

was not very large, and the follow-up period was short. 

Furthermore, the methodologies of the included studies 

were generally poor. Due to ethical issues, many of these 

trials were not blinded or did not involve randomization, 

which may have resulted in large performance and 

measurement biases. To reduce measurement bias, we 

assessed the average change in patients with respect to 

baseline measurements, but this approach may have also 

affected the reliability of the results. Moreover, only nine 

articles included a control group, for which data on 

relevant laboratory diabetes parameters were not 

available. Thus, we made no comparison between control 

and experimental groups. Lastly, some information about 

the patients was not available, such as their diet and use 

of medications, which may have also affected the 

observed outcomes. 

 

Conclusion 

 

In conclusion, the results of this meta-analysis showed 

improvements in C-peptide level, HbA1c level, and daily 

exogenous insulin requirement after stem cell treatment 

for diabetes. Stem cell therapy may be a safe and effective 

intervention for selected individuals with diabetes. In 

T1DM, BM-HSCs are a good source for stem cell 

transplantation. In T2DM, HbA1c and daily insulin 

requirements were significantly improved after MSC 

therapy, and BM-MNC therapy significantly improved 

insulin requirements and C-peptide levels. These 

encouraging results require validation in larger, 

randomized, double-blind studies, as well as longer 

follow-up periods to establish stem cell-based therapies as 

the standard of care for treating DM. 
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