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Abstract
Background:The prevalence of prediabetes and diabetes is increasing rapidly, and 5% to 10% of prediabetic patients will develop
diabetes every year. Diabetes causes major health problems as well as a large economic burden. Human studies have demonstrated
the beneficial effects of probiotics, prebiotics, and synbiotics supplementation in prediabetes. However, there are no systematic
reviews that explore the therapeutic efficacy of probiotics, prebiotics, and synbiotics supplementation in patients with prediabetes.
Therefore, we aim to synthesize the existing evidence evaluating the effectiveness and safety of probiotics, prebiotics, and synbiotics
supplementation in prediabetic patients.

Methods: We will search PubMed, EMBASE, Cochrane Library, Web of Science, the Clinical Trials.gov website, China National
Knowledge Infrastructure, China Science and Technology Journal Database, and Wanfang Data Knowledge Service Platform from
inception to August 2020. Additionally, the search will be conducted in multiple languages. Search terms are keywords and medical
subject headings related to prediabetes, probiotics, prebiotics, and synbiotics. The primary outcomes are differences in glycated
hemoglobin and fasting blood glucose. The secondary outcomes are differences in fasting insulin, homeostasis model assessment of
insulin resistance, quantitative insulin sensitivity check index, and adverse events. The meta-analysis will be performed using the
Revman5.3.0 software provided by the Cochrane Collaboration.

Results: Our study will systematically evaluate the effectiveness and safety of probiotics, prebiotics, and synbiotics
supplementation in prediabetes.

Conclusion: The findings of this study will provide the best available evidence for probiotics, prebiotics, and synbiotics in the
treatment of prediabetes, and provide a strong basis for clinical treatment.

Abbreviations: FBG = fasting blood glucose, RCTs = randomized controlled trials.
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1. Introduction

Prediabetes, typically defined as glycaemic parameters above
normal levels but below diabetes thresholds, is a metabolic state
PROSPERO registration number CRD 42019119958.

Ethics approval is not required for this study, because we will not analyze
individual data.

This article was funded by the National Natural Science Foundation of China (No.
81774302) and the scientific research project of Chongqing Health Committee
(No. zy201602072). The support institute had no role in developing the protocol.

The authors have no conflicts of interest to disclose.
a Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu,
Sichuan Province, b Clinical Department, Traditional Chinese medicine hospital
Dianjiang Chongqing, Dianjiang, Chongqing, China.
∗
Correspondence: Lipeng Shi, Clinical Department, Traditional Chinese medicine

hospital Dianjiang Chongqing, Dianjiang 408300, Chongqing, China
(e-mail: shi95f50d03@163.com).

Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

How to cite this article: Du X, Xie C, Shi L, Gao H, Yang C, Liu Q. Probiotics,
prebiotics, and synbiotics supplementation in prediabetes: protocol for a
systematic review and meta-analysis. Medicine 2020;99:13(e19708).

Received: 25 February 2020 / Accepted: 2 March 2020

http://dx.doi.org/10.1097/MD.0000000000019708

1

between normal blood glucose and diabetes, including impaired
fasting glucose, impaired glucose tolerance, and impaired fasting
glucose combined with impaired glucose tolerance.[1] With the
socio-economic development and the change of human diet
structure, the prevalence of diabetes, and prediabetes is increasing
rapidly. The number of diabetic patients worldwide is projected
to rise from 382 million in 2013 to 592 million in 2035.[2] It is
estimated that 470 million people worldwide will suffer from
prediabetes by 2030, and 5% to 10% of prediabetic patients will
develop diabetes every year.[1] Diabetes causes major health
problems as well as a large economic burden. The direct annual
cost of diabetes worldwide exceeds US$827million.[3] Moreover,
diabetics lose a great deal of labor value due to reduced
productivity and production time. Consequently, timely and
effective preventive measures in prediabetes are a reasonable way
to prevent the diabetes epidemic and lessen the healthcare cost.
One study has shown that early intervention in prediabetes can

reduce the risk of developing type 2 diabetes by 58%.[4] Effective
interventions conclude lifestyle changes and medications.[5–7]

However, in clinical practice, the adherence to lifestyle changes in
prediabetic populations is low, and the compliance of using
hypoglycemic drugs is relatively poor. Thus, to find a non-
hypoglycemic agent is of great significance in preventing the
conversion of prediabetes to diabetes. Recent studies indicate that
alterations in gut microbiota play amajor role in the pathogenesis
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of diabetes.[8–10] It is reported that when the intestinal
dysbacteriosis, the production of lipopolysaccharide increases,
the release of pro-inflammatory cytokines increases, and a series
of nonspecific inflammatory responses occur in the body, which
interferes with insulin signal transduction, induce insulin
resistance and lead to hyperinsulinemia,[11] as well as trigger
chronic low-level inflammatory responses of islet cells and
metabolic endotoxemia, and ultimately, lead to destruction and
apoptosis of islet b cells.[12,13] Microecological preparations,
including probiotics, prebiotics, and synbiotics, have beneficial
health effects on the host when administered in sufficient
amounts. Studies suggest that certain microecological prepara-
tions can exert anti-diabetic effects in different studies,[14,15]

improving glycemia, insulin sensitivity and inflammatory
markers in subjects with type 2 diabetes.[16–19] Several human
studies have also demonstrated the beneficial effects of micro-
ecological preparation supplementation in prediabetes.[20,21]

To the best of our knowledge, up to date, there are no
systematic reviews that explore the therapeutic efficacy of
probiotics, prebiotics, and synbiotics supplementation in patients
with prediabetes. The aim of this systemic review and meta-
analysis is to synthesize the existing evidence evaluating the
effectiveness and safety of probiotics, prebiotics, and synbiotics
supplementation in prediabetic patients.
2. Methods

2.1. Eligibility criteria
2.1.1. Types of trials. Only randomized controlled trials
(RCTs).

2.1.2. Participants. All adult patients who met the accepted
diagnostic criteria for prediabetes will be included in this study
without discrimination of race or gender.

2.1.3. Types of interventions. Only RCTs comparing pro-
biotics, prebiotics, and synbiotics supplementation with placebo
will be included in this study. Also, the minimum duration of
treatment is 8 weeks.

2.1.4. Types of controls. RCTs with placebo treatment for at
least 8 weeks will be included as the controls in this study.

2.1.5. Outcomes

2.1.5.1. Primary outcomes.
(1)
 Differences in glycated hemoglobin;

Table 1
(2)
 Differences in fasting blood glucose.

The PubMed search strategy.

Search strategy used in PubMed database.

2.1.5.2. Secondary outcomes.
#1 prediabetic state
#2 prediabetes
(1)
 Differences in fasting insulin;

#3 glucose intolerance
(2)

#4 impaired glucose tolerance
Differences in homeostasis model assessment of insulin
resistance;
#5 impaired fasting glucose
(3)
 Differences in quantitative insulin sensitivity check index;

#6 #1 OR #2 OR #3 OR #4 OR #5
#7 probiotics
(4)
 Incidence and severity of adverse events.
#8 prebiotics
#9 synbiotics
#10 #7 OR #8 OR #9
#11 randomized controlled trials
#12 clinical trial
#13 #11 OR #12
#14 #6 AND #10 AND #13
2.2. Data sources and selection strategy

We will utilize the computer to retrieve the following databases:
PubMed, EMBASE, Cochrane Library, Web of Science, the
Clinical Trials.gov website, China National Knowledge Infra-
structure, China Science and Technology Journal Database, and
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Wanfang Database from inception to August 2020. Additionally,
the search will be conducted in multiple languages. Search terms
are keywords and medical subject headings related to prediabe-
tes, probiotics, prebiotics, and synbiotics. Keywords and medical
subject headings used in this study include: “prediabetic state,”
“prediabetes,” “glucose intolerance,” “impaired glucose toler-
ance,” “impaired fasting glucose,” “probiotics,” “prebiotics,”
“synbiotics,” “randomized controlled trials,” and “clinical
trial.” The search strategy will be determined by 2 researchers
after several pre-searches. The PubMed search strategy is
outlined in Table 1.
2.3. Data selection

The literature included in the meta-analysis will be independently
screened by 2 reviewers according to the eligibility criteria listed
in this study. In the process of literature selection, the title and
abstract will be read first, and the full text will be further read to
determine the final inclusion after excluding the obvious
irrelevant literature. The reporting quality of the included studies
will be independently assessed by 2 reviewers using the PRISMA
evaluation scale.[22] Furthermore, the meta-analysis protocol of
this study was created according to the PRISMA-P guidelines.[23]

The process of literature identification and screening is shown in
Figure 1.

2.4. Data extraction

According to the pre-designed data extraction table, data will be
extracted independently by 2 reviewers. All studies that meet the
eligibility criteria will be extracted as follows:
(1)
 Basic information, including study design, author, country,
publication year source of literature, sample size, and
grouping;
(2)
 Basic characteristics, including age, gender, and the number
of participants;
(3)
 Methodological description, including randomized method,
blind method, allocation concealment, losses to follow-up,
and assessed risk of bias;
(4)
 Interventions and controls characteristics, including time and
type of interventions and controls;
(5)
 Study outcomes, including primary and secondary outcome
indicators, as well as adverse events.



Figure 1. Flow chart of the study selection.
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During the data extraction process, the extracted data will be
checked by a third reviewer for verification. Moreover, if there is
any disagreement in the process of data extraction, it needs to be
re-examined and discussed, and even the judgment of a third
reviewer.
2.5. Missing data management

We will give a call or sent an e-mail to the author to obtain
relevant data. The study will be deleted if the missing data is
3

unavailable. Besides, we will perform a sensitivity analysis of the
missing data and evaluate its impact on this study.

2.6. Risk of bias

The quality of the study will be assessed by 2 reviewers in
accordance with the “biased risk assessment” Handbook 5.3
provided by the Cochrane Collaboration. There are 7main items:
(1)
 Random allocation method;

(2)
 The allocation scheme is hidden;

http://www.md-journal.com
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(3)
 Blind methods are used for subjects and treatment planners;

(4)
 Blind method for measurement results;

(5)
 The integrity of the resulting data;

(6)
 Selectively report the results of the study;

(7)
 Other sources of bias.
Finally, the “low risk of bias,” “high risk of bias,” and
“uncertain risk of bias” of the study will be judged. If the
opinions are inconsistent, they will be resolved through group
discussion.
2.7. Statistical analysis

The meta-analysis will be performed using the Revman5.3.0
software provided by the Cochrane Collaboration. The relative
risk and the 95% confidence intervals will be used for the
dichotomous variables. And the mean difference or standard
mean difference will be used as a therapeutic statistic for the
continuous variables, along with 95% confidence intervals. The
heterogeneity test utilizes the I2 statistical value. When there is
statistical homogeneity between the studies (I2�50%or P> .10),
a fixed effect model will be employed to assess the difference.
Conversely, when there is statistical heterogeneity between the
studies (I2≥50% or P< .10), the evaluator will conservatively
assess the difference using a random effects model. Besides, the
results of individual studies will be summarized descriptively if
fewer studies are unable to carry out a meta-analysis.
2.8. Additional analysis
2.8.1. Publication bias.A funnel plot analysis will be performed
on the indicators with the largest number of literatures (≥10
articles) to detect the possibility of publication bias.

2.8.2. Subgroup analyses. We will perform a subgroup
analysis of the different dosage and duration of interventions,
respectively.

2.8.3. Sensitivity analyses. To ensure the stability of the results,
we will remove each study in turn for sensitivity analysis to assess
whether the deleted study affects the overall effect.

2.8.4. Quality of evidence. After completing the data extraction
and evaluation analysis, we will use the GRADE pro 3.2 software
to assess the overall quality of the evidence and the strength of the
recommendation.[24]
3. Discussion

The increasing number of research on probiotics, prebiotics,
and synbiotics for prediabetes leads us to believe that these
interventions have improved glycemia and insulin sensitivity. The
purpose of this systemic review andmeta-analysis is to objectively
estimate the effects of probiotics, prebiotics, and synbiotics
supplementation on glycemic control and insulin metabolism in
prediabetic patients. To interpret the results accurately, we will
ascertain the influence of efficacy and safety in different dosages
of probiotics, prebiotics, and synbiotics and different duration of
treatment. The strength of this systematic review is that screening,
data extraction, and quality assessment will be performed
independently by 2 reviewers. Herein, this systematic review and
meta-analysis will be the first one, which employ rigorous
methods to identify and collate the best available evidence
assessing the effectiveness and safety of probiotics, prebiotics,
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and synbiotics supplementation in prediabetes, therefore inform-
ing clinical treatment decisions.
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