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Abstract
Background: Type 2 diabetes mellitus (T2DM) is a major public health problem worldwide. It is characterized by
the increased concentration of glucose in the blood and leads to damage of the body system, especially blood
vessels and nerves. Lifestyle modification is often combined with anti-diabetic therapy as the standard of care for
T2DM to maintain the proper blood glucose and to prevent long-term diabetic complications. The role of
probiotics in improving glycemic control has been investigated in several randomized controlled trials (RCTs).
Previous systematic reviews and meta-analyses, including different sets of trials have concluded an overall beneficial
effect of probiotics in patients with T2DM. At least two RCTs with a longer treatment duration have been published
since the publication of existing reviews.
Methods: We will conduct a systematic review of RCTs that evaluated the effectiveness and safety of probiotics for
glycemic control in T2DM patients. Primary outcomes are fasting blood glucose and glycosylated hemoglobin
(A1c). Secondary outcomes are plasma insulin, blood lipid profile, adverse events, and cost associated with the
intervention and hospital visits. We will search PubMed, Embase, and the Cochrane Central Register of Controlled
Trials (CENTRAL) in The Cochrane Library, and trial registries. Two reviewers will independently screen titles and
abstracts, review full texts, extract information, and assess the risk of bias. We will summarize the results both
qualitatively and statistically. We will use random-effects model for meta-analysis.
Discussion: This systematic review aims to examine whether probiotics are effective and safe for glycemic control
in T2DM patients. Evidence generated from this review will inform clinical and public health practice and future
research.
Systematic review registration: CRD42019121682
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Background
Description of the condition

Diabetes mellitus is a chronic disease characterized by impaired insulin sensitivity or production, which leads to increased blood glucose concentration and eventually
damage to the body system, especially blood vessels and
nerves [1]. Type 2 diabetes mellitus (T2DM) is the most
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common form of diabetes [2]. The standard treatment of
T2DM is lifestyle modification, often combined with antidiabetic therapy (oral anti-diabetic medication with or
without insulin therapy) to maintain the proper blood glucose and to prevent long-term diabetic complications [3].
Patients with poorly controlled blood glucose are at
risk for both microvascular complications such as renal,
retinal, and neuropathy diseases, as well as macrovascular complications such as peripheral vascular diseases
and coronary diseases. These complications lead to morbidity and mortality [2, 4, 5].
Diabetes is a major public health problem. In 2017, it
was estimated that 451 million people have diabetes
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worldwide. The prevalence of diabetes is anticipated to increase to 693 million by 2045 [6]. In the United States
(US), diabetes was the 7th major cause of death in 2015
[7]. Of the 7.2 million patients with a diabetes diagnosis in
2014 in the US, 1.5 million patients also had major cardiovascular diseases such as coronary diseases and strokes,
and 108,000 patients had lower-extremity amputations
[7]. In 2017, average health care spending for diabetic patients was USD 16,750 per year, which were 2.3 times
higher than health spending for non-diabetic patients [8].

lower the blood sugar and decrease insulin resistance
[28–33], the evidence is inconsistent [34–37]. Previous
systematic reviews and meta-analyses have concluded an
overall beneficial effect of probiotics in patients with
T2DM. However, the literature searches in these systematic reviews do not seem to be comprehensive and the
trials included all had a short treatment duration and
follow-up period [38–43]. Since the publication of these
systematic reviews, at least two RCTs with a longer
treatment duration have been published [32, 33].

Description of the intervention

Objective
To assess the effectiveness and safety of probiotics for
glycemic control in patients with T2DM through a
systematic review.

Probiotics are live bacteria and yeasts that may benefit
health [9, 10]. Probiotics exist in fermented foods and
beverages (e.g. yogurt, milk, cheeses, kimchi) and in
functional foods (e.g. soy-based products, cabbage,
maize). Probiotics are also found in dietary supplements,
in the form of tablets, capsules, powders, and liquid extracts [10–12]. The two strains used widely in functional
foods and dietary supplements are Lactobacillus and
Bifidobacterium [13]. Historically, these two aerobic
strains have been easiest to culture; new strains, even anaerobic strains, are now being increasingly studied.
Probiotics work by changing the composition of the gut
microbiome, in theory helping to achieve microbial balance.
Some probiotics purport to increase intestinal motility, improve intestinal barrier function, stimulate immune response, and modulate inflammatory gene expression in the
gut [10, 14–17]. Evidence from clinical trials suggests that
probiotics have a beneficial effect for managing gastrointestinal diseases such as irritable bowel syndrome [18], diarrhea [19], and non-gastrointestinal diseases such as allergic
diseases [20] and genitourinary infections in women [21].
Mechanisms through which probiotics may improve
glucose homeostasis

The change in the gut microbiome and its fermentation
have been associated with T2DM [22, 23]. It is postulated that the overgrowth of some gram-negative bacteria may influence risk of T2DM through inflammatory
pathways. For example, excessive gram-negative bacterial
fragment lipopolysaccharide (LPS) may lead to a leakage
of gut barrier and, as a result, chronic systemic inflammation [24, 25]. The gut microbiota may also influence
glucose metabolism by modulating the glucagon-like
peptide-1 (GLP-1), one of enteroendocrine peptides produced by L-cell in the gut. The secretion of GLP-1 is associated with a reduction in gastric emptying time and
food intake, and an increase in insulin secretion [26, 27].
Why it is important to do this review

The role of probiotics in improving glycemic control has
been investigated in several randomized controlled trials
(RCTs). While some trials found that probiotics could

Methods
We have registered the systematic review with PROSPERO registration number CRD42019121682 and have
followed the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P) 2015
statement [44]. We used PRISMA 2015 checklist to ensure the quality of the protocol (see Additional file 1).
Criteria for considering studies for this review
Types of studies

We will include only RCTs. We will include reports of
RCTs irrespective of their publication status and language.
Type of participants

We will include RCTs of participants of 18 years or
older, of any sex, race/ethnicity, and diagnosed with prediabetes (diagnosis as defined by the individual trial) or
T2DM (diagnosis as defined by the individual trial). We
will accept RCTs in which participants had any duration
and severity of the disease and were treated with any
anti-diabetic therapy. We will exclude trials of patients
with type 1 diabetes mellitus or gestational diabetes because of different disease pathways and mechanisms.
Type of interventions

We will include RCTs that the interventions are probiotics or synbiotics, which are defined as probiotics plus
prebiotics (non-digestible food ingredients) [17], of any
type (i.e. fermented foods, functional foods, and dietary
supplements) administered by any route with or without
the combination of standard treatment as defined by trialists. Standard treatment for T2DM includes lifestyle
modification combined with anti-diabetic therapy (oral
anti-diabetic medication with or without insulin therapy
[3]. The comparison intervention will be placebo, prebiotic (for synbiotic trials), or standard treatment alone
(as defined by trialist). We will exclude trials in which
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the dose of probiotics (in the specific metric as colonyforming unit [CFU]) was not clearly specified.
Type of outcome measures

Most trials on this topic had a short-term duration of
probiotics treatment (shorter than 12 weeks) [28, 30, 31,
37]. However, some believed that a long-term probiotics
consumption is needed for understanding its effect [32,
33]. Therefore, we will examine each outcome described
below at two time points: short term (shorter than 12
weeks) and long term (greater than or equal to 12
weeks). Within each timeframe, we will choose the outcome measurement at the longest follow-up time point.
For example, if a trial reported results at both 4 and 8
weeks, we will analyze the result at 8 weeks for the
short-term outcome.
Primary outcomes
 Mean change in fasting blood glucose (mg/dL) from

the baseline;
 Mean change in glycosylated hemoglobin (%) from

the baseline.
Secondary outcomes
 Mean change in plasma insulin (μU/ml) from the

baseline;
 Mean change in triglyceride, cholesterol, low-density

lipoprotein (LDL), and high-density lipoprotein
(HDL) (mg/dL) from the baseline.
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recently completed trials via clinicaltrials.gov and World
Health Organization International Trials Registry and
Platform (www.whoint/ictrp/search/en/ISRCTN;,Registry).
We will not apply language or date restrictions. See Additional file 2 for details of search strategies for each
database.

Searching other resources

We will search references cited in included trials. We
will also search the website of the manufacturers of probiotics for information regarding additional unpublished
or forthcoming trials.

Data collection and analysis
Selection of studies

We will use Covidence to manage all citations identified
from the search [46]. After removing duplicates from
the search results, two review authors will work independently to screen the titles and abstracts. We will classify each record as relevant or non-relevant for full-text
review. Two review authors will independently review
full-text reports of trials classified as relevant from the
title and abstract screening to determine the final eligibility. For reports that are excluded at the full-text
screening stage, we will document the reason(s) for exclusion. We will generate a study flow diagram that describes the identification of trials. At each stage of the
screening process, we will resolve disagreements through
discussion.

Adverse outcomes
Data extraction and management
 Proportion of participants experienced probiotics

related adverse events such as abdominal cramping,
abdominal pain, nausea, taste disturbance, soft
stools, diarrhea, flatulence, bloating, and systemic
infection such as septicemia and endocarditis [45].
Health services outcomes
 Costs associated with the intervention;
 Mean number of hospital or health professional

visits.
Search methods for identification of studies
Electronics searches

We will work with an information specialist for designing
a search strategy, which will use both medical subject
headings and keywords. We will search MEDLINE via
PubMed, Embase, and the Cochrane Central Register of
Controlled Trials (CENTRAL) in The Cochrane Library.
We will search clinical trials registries for ongoing and

We will use an electronic data collection system (e.g.
Covidence, Systematic Review Data Repository (SRDR),
Qualtrics) to manage data extraction. We will design a
data extraction form and refine it by pilot testing. Two
review authors will independently extract the following
data items: (1) general information, including trial name
and registration information; (2) trial characteristic, including trial design, location, setting, and inclusion/exclusion criteria; (3) characteristic of participants,
including age, sex, race/ethnicity, severity of the diabetes,
and comorbidities; (4) details of interventions, including
type, strain, composition of probiotics, dose, duration of
treatment, co-interventions (anti-diabetic standard therapy); (5) details of comparison interventions; (6) outcomes as described under “type of outcome measure”
section.
We will resolve data extraction discrepancies through
discussion. We will contact the trial authors for incomplete
or unclear information. If the trial authors do not respond
for 14 days, we will pursue analyses using available data.

Rittiphairoj et al. Systematic Reviews

(2019) 8:227

Page 4 of 6

Assessment of risk of bias in included studies

Quality of evidence

Two authors will work independently to assess the risk of
bias in the included trials using the Cochrane Risk of Bias
tool 2.0 [47]. We will assess each of the following domains:

We plan to use the Grading of Recommendation Assessment, Development and Evaluation (GRADE) approach
to assess the quality of evidence for the primary outcomes (i.e., mean change in fasting blood glucose (mg/
dL) from the baseline; mean change in glycosylated
hemoglobin (%) from the baseline). We will use the five
GRADE considerations (i.e., risk of bias, imprecision, inconsistency, indirectness, and publication bias) and
grade each outcome as follows [51]:







Bias
Bias
Bias
Bias
Bias

arising from the randomization process;
due to deviations from intended intervention;
due to missing outcome data;
in measurement of the outcome;
in selection of the reported result.

We will assign each domain as low, high, and unclear
risk of bias. We will contact the trial author if there is
not enough information to assess. If the trial authors do
not respond for 14 days, we will pursue assessment using
available data. We will resolve the disagreement through
discussion. We will present our risk of bias assessment
in the “Risk of bias” summary tables.
Assessment of reporting bias

We will search for trial protocols and trial registration
information. We will compare the outcomes and analyses specified in these records with those reported in
the journal articles. Reporting bias is suspected when
there was a change in primary or secondary outcomes,
or analysis plan.
Measure of treatment effect

For continuous data, we will present results as mean difference with 95% confidence intervals (CIs). For dichotomous
data, we will present results as risk ratio with 95% CIs.

 High quality defined as we are very confident that

the true effect lies close to that of the estimate of
the effect.
 Moderate quality defined as we are moderately
confident in the effect estimate: the true effect is
likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different.
 Low quality defined as our confidence in the effect
estimate is limited: the true effect may be
substantially different from the estimate of the
effect.
 Very low quality defined as we have very little
confidence in the effect estimate: the true effect is
likely to be substantially different from the estimate
of effect.
Subgroup analysis and investigation of heterogeneity

We will undertake a subgroup analysis by types of probiotics and duration of usage; and by types of co-intervention received.

Assessment of heterogeneity

We will assess clinical and methodological heterogeneity
by examining participant characteristics, probiotics type,
duration of probiotics usage and dose, outcomes, and
the study of design. We will assess statistical heterogeneity using the I2 and χ2 statistics. I2 statistic of 0 to 40%
might not be important; 30 to 60% may represent moderate heterogeneity; 50 to 90% may represent substantial
heterogeneity; 75 to 100% considerable heterogeneity
[48]. For χ2 test, we will assess the included trials for
statistical heterogeneity with a P value of less than 0.10
(statistically significant).
Data synthesis

We will provide qualitative analysis of trials and their results following standard 4.2 that conduct a qualitative
synthesis, chapter 4 of Finding What Works in Health
Care: Standards for Systematic Reviews [49]. If there is
no considerable clinical, methodological, and statistical
heterogeneity, we will combine the data using a randomeffects meta-analysis. We will analyze data using Review
Manager version 5.3 [50].

Sensitivity analysis

We will exclude trials at high risk of overall bias to assess the robustness of the results. We will conduct additional sensitivity analyses to determine the impact of
any post hoc decisions made during the review process.

Additional files
Additional file 1: PRISMA-P (Preferred Reporting Items for Systematic
review and Meta-analysis Protocols) 2015 checklist. Recommended items
to address in a systematic review protocol. (DOCX 79 kb)
Additional file 2: Details of search strategies for each database.
(DOCX 23 kb)

Abbreviations
CENTRAL: Cochrane Central Register of Controlled Trials; CFU: Colony-forming
unit; CIs: Confidence intervals; GRADE: Grading of Recommendation
Assessment, Development and Evaluation; HDL: High-density lipoprotein;
LDL: Low-density lipoprotein; LPS: Lipopolysaccharide; PRISMA-P: Preferred
Reporting Items for Systematic review and Meta-analysis Protocols;
RCTs: Randomized controlled trials; SRDR: Systematic Review Data Repository;
T2DM: Type 2 diabetes mellitus; US: United States

Rittiphairoj et al. Systematic Reviews

(2019) 8:227

Acknowledgements
We thank Jimmy Le and Lin Wang for providing feedback on earlier drafts of
this protocol.
Authors’ contributions
TR contributed to the writing of the manuscript. TR and TL contributed to
conception and design. TR, NTM, KP, and TL contributed to the critical
revision of manuscript. All authors read and approved the final manuscript.
KP is the guarantor of the review.
Funding
TR is a visiting scholar at Johns Hopkins Bloomberg School of Public Health.
Her scholarship is funded by Prince Mahidol Award Foundation under the
Royal Patronage. The project has not received external funding.
Availability of data and materials
Not applicable at this stage. Data will be available as supplementary files,
once the systematic review is completed.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Epidemiology, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD 21205, USA. 2Department of Preventive and Social
Medicine, Faculty of Medicine, Chulalongkorn University, 1873 Rama IV Road,
Pathumwan, Bangkok 10330, Thailand. 3Department of International Health,
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD 21205,
USA. 4Welch Center for Prevention, Epidemiology and Clinical Research,
Baltimore, MD 21205, USA.
Received: 7 February 2019 Accepted: 22 August 2019

References
1. World Health Organization. Diabetes mellitus. www.who.int/mediacentre/
factsheets/fs138/en/ (accessed 4 December 2018).
2. American Diabetes A. Diagnosis and classification of diabetes mellitus.
Diabetes Care. 2014;37(Suppl 1):S81–90.
3. American Diabetes A. Standards of medical care in diabetes-2015 abridged
for primary care providers. Clin Diabetes. 2015;33(2):97–111.
4. Petersmann A, Nauck M, Muller-Wieland D, Kerner W, Muller UA, Landgraf R,
et al. Definition, classification and diagnosis of diabetes mellitus. Exp Clin
Endocrinol Diabetes. 2018;126(7):406–10.
5. Roden M. Diabetes mellitus: definition, classification and diagnosis. Wien
Klin Wochenschr. 2016;128 Suppl 2:S37–40.
6. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge
AW, et al. IDF diabetes atlas: global estimates of diabetes prevalence for
2017 and projections for 2045. Diabetes Res Clin Pract. 2018;138:271–81.
7. Centers for Disease Control and Prevention. National Diabetes Statistics
Report, 2017. www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetesstatistics-report.pdf (accessed 4 December 2018).
8. American Diabetes Association. Economic costs of diabetes in the U.S. in
2017. Diabetes Care. 2018;41(5):917–28.
9. Guidelines for the evaluation of probiotics in food. Joint FAO/WHO working
group report on drafting guidelines for the evaluation of probiotics in food.
World Health Organization and Food and Agriculture Organization of the
United Nations. London, Ontario, Canada.
10. Senok AC, Ismaeel AY, Botta GA. Probiotics: facts and myths. Clin Microbiol
Infect. 2005;11(12):958–66.
11. Reid G, Jass J, Sebulsky MT, McCormick JK. Potential uses of probiotics in
clinical practice. Clin Microbiol Rev. 2003;16(4):658–72.
12. Syngai GG, Gopi R, Bharali R, Dey S, Lakshmanan GMA, Ahmed G. Probiotics the versatile functional food ingredients. J Food Sci Technol. 2016;53(2):921–33.

Page 5 of 6

13. Gomes AC, Bueno AA, de Souza RG, Mota JF. Gut microbiota, probiotics and
diabetes. Nutr J. 2014;13:60.
14. Santosa SFE, Jones PJ. Probiotics and their potential health claims. Nutr Rev.
2006;64(6):265–74.
15. Vanderhoof JA, Young RJ. Current and potential uses of probiotics. Ann
Allergy Asthma Immunol. 2004;93(5 Suppl 3):S33–7.
16. Scarpellini ECA, Lauritano C, et al. Probiotics: which and when? Dig Dis.
2008;26:175–82.
17. Pandey KR, Naik SR, Vakil BV. Probiotics, prebiotics and synbiotics- a review.
J Food Sci Technol. 2015;52(12):7577–87.
18. Guandalini S, Pensabene L, Zikri MA, Dias JA, Casali LG, Hoekstra H, et al.
Lactobacillus GG administered in oral rehydration solution to children with
acute diarrhea: a multicenter European trial. J Pediatr Gastroenterol Nutr.
2000;30(1):54–60.
19. McFarland LV, Dublin S. Meta-analysis of probiotics for the treatment of
irritable bowel syndrome. World J Gastroenterol. 2008;14(17):2650–61.
20. Kalliomaki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri E.
Probiotics in primary prevention of atopic disease: a randomised placebocontrolled trial. Lancet. 2001;357(9262):1076–9.
21. Hilton E, Rindos P, Isenberg HD. Lactobacillus GG vaginal suppositories and
vaginitis. J Clin Microbiol. 1995;33(5):1433.
22. Larsen N, Vogensen FK, van den Berg FW, Nielsen DS, Andreasen AS,
Pedersen BK, et al. Gut microbiota in human adults with type 2 diabetes
differs from non-diabetic adults. PLoS One. 2010;5(2):e9085.
23. Everard A, Cani PD. Gut microbiota and GLP-1. Rev Endocr Metab Disord.
2014;15:189–96.
24. Noble EE, Hsu TM, Kanoski SE. Gut to brain dysbiosis: mechanisms linking
Western diet consumption, the microbiome, and cognitive impairment.
Front Behav Neurosci. 2017;11:9.
25. Cani PD, Bibiloni R, Knauf C, Waget A, Neyrinck AM, Delzenne NM, et al.
Changes in gut microbiota control metabolic endotoxemia-induced
inflammation in high-fat diet-induced obesity and diabetes in mice.
Diabetes. 2008;57(6):1470–81.
26. Tolhurst G, Heffron H, Lam YS, Parker HE, Habib AM, Diakogiannaki E, et al.
Short-chain fatty acids stimulate glucagon-like peptide-1 secretion via the
g-protein-coupled receptor ffar2. Diabetes. 2012;61(2):364–71.
27. Cani PD, Everard A, Duparc T. Gut microbiota, enteroendocrine functions
and metabolism. Curr Opin Pharmacol. 2013;13(6):935–40.
28. Ejtahed HS, Mohtadi-Nia J, Homayouni-Rad A, Niafar M, Asghari-Jafarabadi
M, Mofid V. Probiotic yogurt improves antioxidant status in type 2 diabetic
patients. Nutrition. 2012;28(5):539–43.
29. Rajkumar H, Kumar M, Das N, Kumar SN, Challa HR, Nagpal R. Effect of
probiotic lactobacillus salivarius UBL S22 and prebiotic fructooligosaccharide on serum lipids, inflammatory markers, insulin sensitivity,
and gut bacteria in healthy young volunteers: a randomized controlled
single-blind pilot study. J Cardiovasc Pharmacol Ther. 2015;20(3):289–98.
30. Asemi Z, Zare Z, Shakeri H, Sabihi SS, Esmaillzadeh A. Effect of multispecies
probiotic supplements on metabolic profiles, hs-CRP, and oxidative stress in
patients with type 2 diabetes. Ann Nutr Metab. 2013;63(1–2):1–9.
31. Mohamadshahi M, Veissi M, Haidari F, Shahbazian H, Kaydani GA,
Mohammadi F. Effects of probiotic yogurt consumption on inflammatory
biomarkers in patients with type 2 diabetes. Bioimpacts. 2014;4(2):83–8.
32. Sabico S, Al-Mashharawi A, Al-Daghri NM, Wani K, Amer OE, Hussain DS, et
al. Effects of a 6-month multi-strain probiotics supplementation in
endotoxemic, inflammatory and cardiometabolic status of T2DM patients: a
randomized, double-blind, placebo-controlled trial. Clin Nutr. 2018;38(4):
1561–69.
33. Hsieh MC, Tsai WH, Jheng YP, Su SL, Wang SY, Lin CC, et al. The beneficial
effects of Lactobacillus reuteri ADR-1 or ADR-3 consumption on type 2
diabetes mellitus: a randomized, double-blinded, placebo-controlled trial.
Sci Rep. 2018;8(1):16791.
34. Ivey KL, Hodgson JM, Kerr DA, Lewis JR, Thompson PL, Prince RL. The
effects of probiotic bacteria on glycaemic control in overweight men
and women: a randomised controlled trial. Eur J Clin Nutr. 2014;68(4):
447–52.
35. Ivey KL, Hodgson JM, Kerr DA, Thompson PL, Stojceski B, Prince RL. The effect
of yoghurt and its probiotics on blood pressure and serum lipid profile; a
randomised controlled trial. Nutr Metab Cardiovasc Dis. 2015;25(1):46–51.
36. Kobyliak N, Falalyeyeva T, Mykhalchyshyn G, Kyriienko D, Komissarenko I.
Effect of alive probiotic on insulin resistance in type 2 diabetes patients:
randomized clinical trial. Diabetes Metab Syndr. 2018;12(5):617–24.

Rittiphairoj et al. Systematic Reviews

(2019) 8:227

37. Mazloom Z, Yousefinejad A, Dabbaghmanesh MH. Effect of probiotics on
lipid profile, glycemic control, insulin action, oxidative stress, and
inflammatory markers in patients with type 2 diabetes: a clinical trial. Iran J
Med Sci. 2013;38(1):38–43.
38. He J, Zhang F, Han Y. Effect of probiotics on lipid profiles and blood
pressure in patients with type 2 diabetes: a meta-analysis of RCTs. Medicine
(Baltimore). 2017;96(51):e9166.
39. Li C, Li X, Han H, Cui H, Peng M, Wang G, et al. Effect of probiotics on
metabolic profiles in type 2 diabetes mellitus: a meta-analysis of
randomized, controlled trials. Medicine (Baltimore). 2016;95(26):e4088.
40. Yao K, Zeng L, He Q, Wang W, Lei J, Zou X. Effect of probiotics on glucose
and lipid metabolism in type 2 diabetes mellitus: a meta-analysis of 12
randomized controlled trials. Med Sci Monit. 2017;23:3044–53.
41. Zhang Q, Wu Y, Fei X. Effect of probiotics on glucose metabolism in
patients with type 2 diabetes mellitus: a meta-analysis of randomized
controlled trials. Medicina (Kaunas). 2016;52(1):28–34.
42. Kasinska MA, Drzewoski J. Effectiveness of probiotics in type 2 diabetes: a
meta-analysis. Pol Arch Med Wewn. 2015;125(11):803–13.
43. Samah S, Ramasamy K, Lim SM, Neoh CF. Probiotics for the management of
type 2 diabetes mellitus: a systematic review and meta-analysis. Diabetes
Res Clin Pract. 2016;118:172–82.
44. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349:g7647.
45. Doron S, Snydman DR. Risk and safety of probiotics. Clin Infect Dis. 2015;
60(Suppl 2):S129–34.
46. Covidence [Computer program]. Version accessed 5 December 2018.
Melbourne, Australia: Veritas Health Innovation. Available from www.
covidence.org
47. Higgins JPT, Sterne JAC, Savović J, Page MJ, Hróbjartsson A, Boutron I,
Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized
trials In: Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane
Methods. Cochrane Database of Systematic Reviews 2016, Issue 10 (Suppl
1). doi: https://doi.org/10.1002/14651858.CD201601.
48. Deeks JJ HJ, Altman DG, editor(s) on behalf of the CSMG. Chapter 9:
Analysing data and undertaking meta-analyses. In: Higgins JP, Green S,
editor(s). Cochrane Handbook for Systematic Reviews of Interventions
Version 5.1.0 (updated March 2011). The Cochrane Collaboration, 2011.
Available from handbook.cochrane.org.
49. IOM (Institute of Medicine). Finding What Works in Health Care: Standards for
Systematic Reviews. Washington, DC: The National Academies Press; 2011.
50. Review Manager 5 (RevMan 5) [Computer program]. Version 5.3.
Copenhagen: Nordic Cochrane Centre, The Cochrane Collaboration; 2014.
https://community.cochrane.org/help/tools-and-software/revman-5
51. Schünemann H, Brożek J, Guyatt G, Oxman A, editor(s). Handbook for
grading the quality of evidence and the strength of recommendations
using the GRADE approach (updated October 2013). GRADE Working
Group, 2013. Available from http://gdt.guidelinedevelopment.org/app/
handbook/handbook.html (Accessed 5 Dec 2018).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

