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Objective: Our aim was to investigate the effects of probiotics on glucose metabolism in

patients with type 2 diabetes mellitus using a meta-analysis of randomized, controlled trials.

Materials and methods: Online databases Embase, Web of Science, and PubMed were searched

until August 2014 to identify eligible articles. Finally, 7 trials were included.

Results: Probiotic consumption significantly changed fasting plasma glucose (FPG) by

�15.92 mg/dL (95% confidence interval [CI], �29.75 to �2.09) and glycosylated hemoglobin

(HbA1c) by �0.54% (95% CI, �0.82 to �0.25) compared with control groups. Subgroup analysis

was conducted to trials with non-yogurts control. Meta-analysis of trials with multiple

species of probiotics found a significant reduction in FPG (weighted mean difference [WMD]:

�35.41 mg/dL, 95% CI: �51.98 to �18.89). The duration of intervention for ≥8 weeks resulted

in a significant reduction in FPG (WMD: �20.34 mg/dL, 95% CI: �35.92 to �4.76). Subgroup

analysis of trials with species of probiotics did not result in a significant meta-analysis effect.

Furthermore, the duration of intervention <8 weeks did not result in a significant reduction

in FPG. The results also showed that probiotic therapy significantly decreased homeostasis

model assessment of insulin resistance (HOMA-IR) and insulin concentration (WMD: �1.08,

95% CI: �1.88 to �0.28; and WMD: �1.35 mIU/L, 95% CI: �2.38 to �0.31, respectively).

Conclusions: The present meta-analysis suggests that consuming probiotics may improve

glucose metabolism by a modest degree, with a potentially greater effect when the duration

of intervention is ≥8 weeks, or multiple species of probiotics are consumed.
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1. Introduction

Type 2 diabetes mellitus is one of the most common metabolic
disorders across the world. It is an established major
independent risk factor for several chronic diseases such as
ischemic heart disease and stroke [1]. Both pharmacologic and
non-pharmacologic interventions can reduce the levels of
glucose [2–4]. Previous studies have also found that dietary
constituents and supplements such as green tea and garlic can
improve glucose [5–7].

Recently, the health benefits of probiotics have attracted
increased attention. Probiotics are defined as live microorgan-
isms which play an important role in health and disease [8,9].
Probiotics are well studied for their health benefits in
improving immune system function and preventing diarrhea
[10,11]. It has also been demonstrated that probiotics can
decrease the blood glucose through improved inflammation
and prevented b-cell destruction in animal models [12].
However, human clinical studies using various probiotics
have yielded mixed results, with some studies finding no effect
[13], while others have identified a significant glucose-
lowering effect [14]. In addition, sample size of those studies
are small. Therefore, the current meta-analysis of random-
ized, controlled trials (RCTs) has been conducted to assess the
efficacy of probiotic therapies in glucose metabolism.

2. Materials and methods

2.1. Literature search

Online databases Embase, Web of Science, and PubMed were
searched until August 2014 for studies that investigated the
effects of probiotics supplementation on glucose metabolism
in patients with type 2 diabetes mellitus. The following search
terms were used: (probiotic OR lactobacillus OR streptococcus
OR saccharomyces OR enterococcus OR bifidobacteria) AND
(diabetes OR glycemia OR glucose). Additional studies were
also identified by a hand search of all the references of
retrieved articles. Our search was restricted to studies
published in the English language.

2.2. Eligibility criteria

Articles were eligible for meta-analysis if they met the following
inclusion criteria: (1) were human RCTs; (2) used probiotic
products with live bacteria; and (3) subjects were patients with
type 2 diabetes mellitus [4]. The FPG, HbA1c, insulin concentra-
tion or homeostasis model assessment of insulin resistance
(HOMA-IR) changes, along with standard deviation (SD), were
reported for the intervention and control groups.

2.3. Statistical analysis

Before meta-analysis, the FPG levels in mmol/L were con-
versed to mg/dL and insulin levels in ng/mL were conversed to
mIU/mL prior to computations. The mean net changes (mean
values � SD) in the FPG, HbA1c, insulin concentration and
HOMA-IR for each study were calculated. The mean net

changes (mean values � SD) for the outcomes listed above
were calculated as the weight mean difference (probiotic diet
minus control diet) of the changes (endpoint minus baseline)
in mean values. Statistical analysis was conducted using
Review Manager 5.2 (The Cochrane Collaboration, Oxford, UK).
The heterogeneity among studies was evaluated by the Q
statistic test and I2 statistic test. P values of <0.05 or I2 of >50%
indicated that heterogeneity existed among studies. Other-
wise, homogeneity of those studies was indicated. And the
pooled WMD of each study was calculated by the random
effects model regardless of heterogeneity. A P value of <0.05
was considered statistically significant.

3. Results

The literature search yielded 381 citations. We retrieved 60
articles, of which 7 met eligibility criteria [13–19]. A flow chart
on article selection for the meta-analysis is shown in Fig. 1.

3.1. Characteristics of included studies

Table 1 contains specific information on sample size, age,
intervention, dosages and duration of treatment, and inter-
vention and control baseline measures (changes from base-
line).

Seven studies with 8 trials, with 386 participants in total,
were included in the final meta-analysis. Six studies were
double-blind and one was single-blind. Six studies used
parallel design and one used cross-over design. The study
duration varied from 4 to 8 weeks. All studies reported changes
in FPG, 4 studies reported changes in insulin concentration,
and only 3 studies reported changes in HbA1c and HOMA-IR
levels. The probiotic species and dose used varied between
studies. Five studies used combination of more than 2 strains,
whereas only 2 studies used a single species of probiotics. The
total daily dose of probiotic consumption varied from 106

colony-forming units (CFU) to 108 CFU, except for one study
using 1500 mg probiotic capsules twice daily. The subjects of
two studies in the intervention group consumed probiotic
yogurt and subjects in the control group consumed conven-
tional yogurt which contained Lactobacillus delbrueckii and
Streptococcus thermophilus. The subjects of two studies in the
intervention group consumed probiotic capsules and those in
the control group consumed placebo capsules. The subjects
of one study were randomly assigned to consume either
synbiotic (containing both probiotics and prebiotics) or
control shake. The subjects of one study in the intervention
group consumed synbiotic food and those in the control
group consumed placebo food. And the subjects of one study
were assigned to consume either synbiotic, probiotic or
control bread, which was analyzed as two trials in this meta-
analysis. Only two studies mentioned the duration of
diabetes, one of which was less than 15 years and the other
was at least 1 year.

3.2. Fasting glucose

FPG changes were reported in all studies. The meta-analysis of
8 trials showed a significant reduction of FPG by 15.92 mg/dL
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