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Abstract
Objective: The purpose of the present study was to evaluate the effectiveness of probiotics on type Il diabetes mel-
litus (T2DM).

Methods: We performed a comprehensive search on PubMed, Web of Science, China National Knowledge Infrastruc-
ture, Chinese Scientific Journal Databases, Wan Fang database and China biology medicine disc for relevant studies
published before June 2019. Glycated hemoglobin Alc (HbA1c), homeostasis model assessment of insulin resistance
(HOMA-IR) and fasting blood glucose (FBG) were used as indicators for T2DM. Inverse-variance weighted mean differ-
ence (WMD) with 95% confidence interval (Cl) was calculated for the mean HbA1c, FBG and HOMA-IR changes from
baseline.

Results: 15 randomized controlled trials (RCT) with a total of 902 participants were included into the meta-analysis.
Considering the clinical heterogeneity caused by variation of dosage and duration of probiotic treatment, random-
effects model was used to estimate the pooled WMD. Significantly greater reduction in HbA1c% (WMD = —0.24,
95% Cl [— 0.44, — 0.04], p=0.02), FBG (WMD = — 0.44 mmol/L, 95% Cl [— 0.74, —0.15], p=0.003) and HOMA-IR
(WMD=—1.07,95% CI [—1.58, — 0.56], p<0.00001) were observed in probiotics treated group. Further sensitivity
analysis verified the reliability and stability of our results.

Conclusion: The results of our meta-analysis indicated that probiotics treatment may reduce HbA1c, FBG and insulin
resistance level in T2DM patients. More clinical data and research into the mechanism of probiotics are needed to
clarify the role of probiotics in T2DM.
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Background

Type II diabetes mellitus (T2DM) is a prevalent meta-
bolic disease that have attracted wide attention because
of its increasing incidence and multiple complications.
T2DM is characterized by the increase of fasting blood
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glucose (FBG) and glycosylated hemoglobin (HbAlc),
which indicate the disorder of glucose metabolism [1].
There are also a range of gastrointestinal dysfunction
symptoms that occur in T2DM patients, such as delayed
gastric or esophageal emptying, diabetic gastroparesis,
constipation, diarrhea and obesity [2—4]. The involve-
ment of gastrointestinal dysfunction is therefore consid-
ered as a stage in the development of T2DM [5].

The pathogenesis of T2DM is complicated and
remains largely known. T2DM is considered to be a
chronic inflammation [6]. Insulin resistance (IR) caused
by inflammation is a characteristic feature of most
patients with T2DM. T2DM is believed to be caused by
a series of multiple risk factors such as genetic liability,
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age, overweight or obesity, and an unhealthy lifestyle.
Recently, accumulated evidence suggests that the risk of
developing T2DM may also involve factors from the gut
microbiota. T2DM patients had a moderate degree of gut
microbial dysbiosis, and the decrease of intestinal Rose-
buria and E prausnitzii was detected in their stool sam-
ples [7]. As well taking the gastrointestinal symptoms of
T2DM into consideration, gut microbiota is suspected to
involve in the pathogenesis of T2DM.

Data from animal studies revealed that altered microbi-
ota may contribute to the pathogenesis of IR and thereby
T2DM by several mechanisms [8]. Gut microbiota mainly
carry out proximal digestion of carbohydrates and fer-
ment indigestible oligosaccharides, synthesizing short-
chain fatty acids (SCFA), such as butyrate, propionate and
acetate [9]. At present, the discussion on the role of SCFA
is mainly considered that SCFA promotes secretion of
glucagon-like peptide-1 (GLP-1) and peptide YY gastrin
regulator by endocrine cells in the colon mucosa. These
hormones have an influence on the gastrointestinal tract,
such as inhibiting the secretion of gastric juice and gas-
trointestinal peristalsis, delaying the emptying of gastric
contents and stimulating the hypothalamus in the central
nervous system to increases the sense of satiety and appe-
tite. Therefore, fasting blood glucose level, weight and
other T2DM related indexes can be reduced [10].

Probiotics are defined as live microorganisms that,
when administered in adequate amounts, confer a health
benefit on the host. The data from animal studies sug-
gested that probiotics beneficial effects can influence on
glucose metabolism and improve insulin sensitivity [11].
However the effects of probiotics on human T2DM are
inconsistent. Some studies showed that probiotics treat-
ment reduced HbAlc, FBG or IR significantly in T2DM
patients [12, 13], while other studies did not find signifi-
cant difference between patients with probiotics and pla-
cebo [14, 15]. To evaluate the role of probiotics in T2DM
patients comprehensively, and thus provide a theoretical
basis for the extensive clinical application of probiotics in
the treatment of T2DM, we performed a meta-analysis
to evaluate the effects of probiotics on three indicators of
T2DM, including HbAlc, FBG and homeostasis model
assessment of IR (HOMA-IR).

Materials and methods

Identification of relevant studies

To identify studies with information on the effects of
probiotics on T2DM, we conducted a comprehensive
search of literatures published before June 2019 in Pub-
Med, Web of Science (SCI), China National Knowledge
Infrastructure (CNKI) database, Chinese Scientific Jour-
nal Databases (VIP) database, Wan Fang database and
China biology medicine disc. English search terms and
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search patterns include: (D probiotics’, “symbiotic’, “lac-
tobacillus”, the above search terms are linked by “OR”;
@ “type 2 diabetes mellitus’, “T2DM’, or “non-insulin-
dependent diabetes mellitus”; connect D and @ with
“AND”. Chinese search terms and search pattern include:
D “yishengjun’, “heshengsu’, “rusuanganjun’, the above
search terms are linked with “OR”; (@ “2xingtangnia-
obing”, “T2DM’, connect @ and @ with “AND” Addi-
tional studies were also identified by a hand search of all
the references of retrieved articles.

Inclusion and exclusion criteria

Studies were considered eligible only if they: (1) were
human clinical randomized controlled trials; (2) only
included T2DM patients; (3) the intervention was probi-
otic, and placebo was applied as comparison to the inter-
vention; (4) reported change from baseline to endpoint
for at least one of the following outcomes: FBG, HbA1C
and HOMA-IR, or could calculate by formula. Trials
were excluded if: (1) subjects had recently used the pro-
biotics or antibiotics; (2) Crucial data are incomplete; (3)
studies that probably used relevant samples.

Two system evaluators browse through the literature
independently and then exclude the irrelevant litera-
ture to the topic (including disease type, interventions,
etc.). Read the relevant abstracts to obtain the full RCT
text that might meet the inclusion criteria. The two sys-
tem evaluators will check the included literature and any
inconsistencies will be discussed again, or the third sys-
tem evaluator will decide whether to include or not.

Data extraction

The detailed characteristics of each trial were extracted
by two system evaluators independently. The following
information was extracted from each study: first author’s
name, year of publication, country, dosage and duration
of probiotic treatment, sample size of treatment and con-
trol groups, and effects on metabolic profiles. The data
were compared and the disagreements were resolved by
a third author.

Literature quality evaluation

Trials meeting the eligibility criteria were evaluated for
their quality by two researchers independently accord-
ing to the Cochrane manual, which included the follow-
ing six aspects: (1) generation of random distribution
schemes; (2) covert grouping; (3) implementation of the
blind method; (4) Integrity of the data; (5) non-selective
reporting of results; (6) other sources of bias. There are
three bias assessment criteria “Low”, “High”, “Unclear”
for each point.
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Statistical analysis

The mean difference (MD) of change from baseline
between the treatment group and control group was
measured as effect size. The effect sizes and pooled esti-
mates of the effects across the trials were calculated with
RevMan 5.0 software. If the original study only provide
means and standard deviations (SD) for baseline and final
in each group, then the mean for change from baseline
was obtained by subtracting the final mean from the
baseline mean. And SD for changes from baseline was
imputed using the following equation, where R is the cor-
relation coefficient.

SDchange = \/SDZaseline + SD_)%nal — 2 X R X SDpyseline X SDﬁnal

The heterogeneity effects across trials was assessed
using the Cochran Q statistic and the I* statistic. A sig-
nificance level of p<0.1 or I*>50% suggest the existence
of significant heterogeneity.

The publication bias was assessed by Egger’s regression
asymmetry test. A two-tailed p value<0.05 was consid-
ered statistically significant. Sensitivity analysis was per-
formed by removing one study at a time and recalculating
the pooled effect size. Egger’s regression and sensitivity
analysis was tested with Stata 15.0 software.

Results

Literature selection

We initially retrieved 347 relevant publications from
PubMed, Web of Science, CNKI database, VIP database,
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Wan Fang database and China biology medicine disc.
The majority of the publications were excluded because
they were irrelevant studies, case reports, or reviews.
According to the inclusion and exclusion criteria, 15 pub-
lications (14 in English and 1 in Chinese) with a total of
902 patients were finally included [12, 13, 15-27]. A flow
chart showing the workflow for identifying and screening
studies is presented in Fig. 1.

Study characteristics

The basic characteristics of the included studies are
shown in Table 1. The sample size of studies ranged from
29 to 108. The duration of treatment ranged from 6 to
12 weeks. 6 trials reported the change from baseline for
HbAlc, FBG or HOMA-IR directly. While the other 9
trials only provided the mean and SD value for baseline
and final, respectively. The mean and SD for change from
baseline in these 9 studies were imputed with a correla-
tion coefficient estimate of 0.5.

Literature quality evaluation

According to the bias risk assessment method in the
Cochrane manual, all the 15 trials mentioned random
sequence generation. 14 trials [12, 13, 15-23, 25-27]
were double-blind clinical studies and 1 trial [24] was a
single-blind study. 2 trials [20, 21] reported selecting bias.
No other risk of bias was found in the 15 trials, as shown
in Fig. 2. No studies were excluded according to the result
of this evaluation.

[ Original database retrieval, 347 ]
literatures were obtained.

[Excludc: \

132 literature reviews

62 animal experimental studies

7 case reports

123 irrelevant literature screened out by

A\ 4
[ 23 clinical RCT were obtained ] \ title and abstract )
from the initial screening.
(. )
Exclude:

5 literatures with incomplete data
1 literature with unqualified patients

2 literatures with probably similar samples

\_

J

A
15 literatures were evaluated
qualified and included

Fig. 1 Flow chart of literature inclusion
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Table 1 Basic characteristics of 15 randomized controlled trials included in the meta-analysis
Study Country No.of cases Treatment group Control group Duration
(treatment/ of treatment
control) (week)
Razmpoosh E 2019 Iran 30/30 Lactobacillus acidophilus 2 x 10° CFU + Lac- Placebo 6
tobacillus casei 7 x 10° CFU + Lactobacillus
rhamnosus 1.5 x 10° CFU + Lactobacillus
bulgaricus 2 x 10® CFU + Bifidobacterium
breve 3 x 10'° CFU 4- Bifidobacterium longum
7 x 10° CFU + Streptococcus thermophilus
1.5 % 10° CFU 4 times/day
Raygan F 2018 Iran 30/30 Bifidobacterium bifidum 2 x 10° CFU + Lactobacil- ~ Placebo 12
lus casei 2 x 10° CFU + Lactobacillus acidophilus
2 % 10° CFU/day
Ejtahed HS 2012 Iran 30/30 Lactobacillus acidophilus La5 and Bifidobacterium Conventional yogurt 6
lactis Bb12 4 x 10° CFU/day
Shakeri H 2014 Iran 26/26 Lactobacillus sporogenes 1 x 10° CFU/1 g 40 g 3 Bread without probiotic 8
times/day bacteria and prebiotic
inulin
Khalili L 2019 Iran 20/20 Lactobacillus casei 1 x 108 CFU/day Placebo
Tajadadi-Ebrahimi M 2016 Iran 30/30 Lactobacillus acidophilus 2 x 10° 4 Lactobacil- Placebo 12
lus casei 2 x 10° 4 Bifidobacterium bifidum
2% 10° CFU/g
Mohamadshahi M 2014 Iran 22/22 Lactobacillus acidophilus 3.7 x 10° CFU/g and B. Conventional yogurt 8
lactic 3.7 x 10° CFU/g 300 g/day
Tajadadi-Ebrahimi M 2014 Iran 27/27 Lactobacillus sporogenes 1 x 108 CFUs/g 3 times/  Control bread 8
day
Kobyliak N 2018 Ukraine  31/22 Lactobacillus + Lactococcus 6 x 10'° CFU/g +Bifi-  Placebo 8
dobacterium 1 x 10'° CFU/g + Propionibacterium
3 x 10'° CFU/g 4 Acetobacter 1 x 10° CFU/g
10 g/day
Mobini R 2016 Swedish ~ 14/15 Lactobacillus reuteri DSM 17938 1 x 10'° CFU/day ~ Placebo 12
Firouzi S 2017 Malaysia  48/53 Lactobacillus acidophilus, Lactobacillus casei, Placebo 12
Lactobacillus lactis 5 x 10° CFU + Lactobacillus
acidophilus, Lactobacillus casei, Lactobacillus
lactis 5 x 10° CFU 2 times/day
Tonucci LB 2017 Brazil 23/22 Lactobacillus acidophilus La-5 1 x 10° CFU/ Conventional fermented 6
day + Bifidobacterium animalis subsp. lactis BB-12 milk
1% 10° CFU/day
HuiY 2018 China 53/55 Lactobacillus paracasei N1115 1 x 108 CFU/mL Placebo 8
200 g 2 times/day
Asemi Z 2016 Iran 51/51 Lactobacillus sporogenes 1 x 107 CFU40.05 g Placebo 6
beta-carotene 3 times/day
Mazloom Z 2013 Iran 16/18 Lactobacillus acidophilus + Lactobacillus bulgari- Placebo 6

cus + Lactobacillus bifidum + Lactobacillus casei

Meta-analysis

Effects of probiotics on HbA1c¢%

The tests for heterogeneity across the trials were per-
formed before the trials were pooled for meta-analysis.
No statistically significant heterogeneity was observed
for effects of probiotics on HbA1C, FBG, and HOMA-
IR (p=0.22, 0.48 and 0.29, *=27%, 0%, and 18%,
respectively). While considering true heterogeneity
caused by clinical variation, e.g. variation of treatment,
dosage and duration, a random effects meta-analysis
model was used to estimate the effects of probiotics on
T2DM. As random-effects meta-analysis is more robust
to heterogeneity effects.

Eight studies, with 489 participants, reported the effects
of probiotics on HbAlc. The decrease in HbAlc (%) from
baseline to endpoint in patients taking probiotics was
statistically greater than that in control groups (inverse-
variance weighted MD (WMD) = —0.24, 95% CI [—0.44,
—0.04], p=0.02), as shown in Fig. 3. To explore the sta-
bility of this results, sensitivity analysis was performed
by removing one study at a time and recalculating the
pooled WMD. The results did not find substantial modi-
fication of the estimates of change in HbAlc after exclu-
sion of any individual study, as shown in Fig. 4.
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Other bias

il
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B Low risk of bias
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red represent low, high and unclear risk of bias, respectively

Fig. 2 Risk of bias assessment for included studies. a Risk of Bias Graph. Literature quality was evaluated according to the following six points:
(Dgeneration of random distribution schemes; @covert grouping; @implementation of the blind method; @Integrity of the data; ®non-selective
reporting of results; ®other sources of bias. There are three bias assessment criteria “Low”, "High”and “Unclear” for each point, shown as the color
green, yellow and red, respectively. b Risk of bias summary. The quality assessment of each literature has been shown. The color green, yellow and

Effects of probiotics on FBG

The effects of probiotics on FBG was evaluated in 842
participants from fourteen trials. The results of ran-
dom-effects meta-analysis in Fig. 5 showed that the
difference in FBG reduction (from baseline to end-
point) between probiotics-treated groups and con-
trol groups was significant (WMD = —0.44, 95% CI
[—0.74, —0.15], p=0.003). Results of sensitivity analy-
sis demonstrated that the effects of probiotics on FBG

remained consistent after removing the trials one by
one, as shown in Fig. 6.

Effects of probiotics on HOMA-IR

Eight trials, with 524 participants, reported the effects
of probiotics on HOMA-IR. The results of the random-
effects model, as shown in Fig. 7, demonstrate that the
reduction in HOMA-IR (from baseline to end point) in
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Mean Difference
IV. Random. 95% CI

Mean Difference
IV. Random, 95% CI

Experimental Control

Study or Subgroup Mean _SD Total Mean SD Total Weight

Hanie S. Ejtahed M.Sc. 2012 -012 1.23 30 0.3 075 30 11.4%  -0.42[-0.94, 0.10] —

Leila Khalili 2019 046 087 20 03 097 20 97% -0.76[1.33-0.19] —_—

Majid Mohamadshahi 2014 115 151 22 -0.24 152 22 45%  -0.91[1.81,-0.01]

Nazarii Kobyliak 2018 023 069 31 -009 047 22 223%  -0.14 [0.45 0.17] —
Reza Mobini 2016 01 089 14 0 056 15 10.4% 0.10 [-0.45, 0.65] B
Somayyeh Firouzi 2017 -014 062 48 002 056 53 208%  -0.16[-0.39, 0.07] —=

Yang Hui 2018 077 167 53 064 1.76 5  7.9% 013 [-0.52, 0.79) —
Zatollah Asemi 2016 03 192 27 018 161 27 40%  -0.48[1.43 047

Total (95% Cl) 245 244 100.0%  -0.24 [-0.44, -0.04] e

Heterogeneity: Tau®= 0.02, Chi*= 953, df =7 (P = 0.22); I*= 27%

Test for overall effect: Z = 2.37 P = 0.02) 4 s 0 43 ;

Favours [experimental] Favours [control]

Fig. 3 The effect of probiotics on HbATc (%) in T2DM patients. Mean differences of change from baseline and 95% confidence intervals (Cls)
are shown. Pooled estimates were calculated by the inverse-variance weighted random-effects meta-analysis. The squares indicate the effect of
probiotics in a particular trial and the horizontal lines represent the corresponding 95% Cls. The diamond indicated the pooled effect size

Meta-analysis estimates, given named study is omitted
Lower CI Limit OEstimate | Upper CI Limit

Hanie S. Ejtahed 2012 \

Leila Khalili 2019

Majid Mohamadshahi 2014

Reza Mobini 2016

Somayyeh Firouzi 2017

Yang Hui 2017

Zatollah Asemi 2016

\

‘ \
Nazarii Kobyliak 2018 \

\

|

-0.55 -0.04 0.00

Fig. 4 Sensitivity analysis of the effects of probiotics on HbATc (%) in T2DM patients. Results were computed by omitting each trial in turn.
Random-effects meta-analysis were used to estimate the pooled effect size. The two ends of the dotted lines represent the 95% Cls

patients taking probiotics was statistically significantly
greater than that in control groups (WMD = —1.07, 95%
CI [—1.58, —0.56], p<0.00001). Results of sensitivity
analysis demonstrated that the effects of probiotics on
HOMA-IR remained consistent after removing the trials
one by one, as shown in Fig. 8.

Publication bias
According to the publication bias tests, the effects of
bias on reports of HbAlc (Fig. 9), FBG (Fig. 10) and

HOMA-IR (Fig. 11) were not significant, as illustrated by
P-values for Egger’s regression asymmetry test were 0.29,
0.86 and 0.07, respectively.

Discussion

In the present study, we performed a systematic assess-
ment regarding the effects of probiotics on HbAlc, FBG
and HOMA-IR in T2DM patients. A total of 15 RCTs
involving 902 patients were finally included into the
meta-analysis. The results showed that probiotics may
reduce HbA1lc, FBG, and HOMA-IR levels from baseline.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random. 95% CI IV. Random, 95% CI
Elham Razrmpoosh 2019 -0.77 205 30 -0,02 1.9 30 8.8% -0.75[-1.75, 0.25) B
Fariba Raygan 2018 -0.73 23 30 052 234 30 6.4%  -1.25[-2.42 -0.08]
Hossein Shaken 2014 -0.33 213 26 002 424 26 2.7% -0.35[-217,1.47) B
Leila Khalili 2019 -1.57 251 20 007 205 20 44%  -1.64[-3.06,-0.22) ———
M. TajabadiEbrahimi 2016 -1.09 4.14 30 1.07 372 30 22%  -216[4.15,-0.17]
Majid Mohamadshahi 2014 -1 251 22 -012 3.32 22 2.9% -0.88 [-2.62, 0.86) I
Maryam Tajadadi-Ebrahimi 2014 -0.21 218 27 001 402 27 3.0% -0.22 [-1.94, 1.50) |
Nazarii Kobyliak 2018 037 234 3N 027 244 22 5.2% 010[1.21,1.41] — =
Reza Mohini 2016 -1.6 376 14 0 34 15 1.3% -1.60 [-4.22, 1.02) —
Somayyeh Firouzi 2017 -01 15 48 03 21 53 17.8% -0.40 [F1.11, 0.31) T
Tonucci LB 2017 052 235 23 016 244 22 4.5% 0.36 [-1.04, 1.76] S A
Yang Hui 2018 -0.42 1.36 53 -0.35 1.67 55 27.0% -0.07 [-0.64, 0.50] -
Zatollah Asemi 2016 -0.09 243 51 0.2 1.95 5 121% -0.29[-1.15, 0.57) ——r
Zohreh Mazloom 2013 0.01 3.39 16 071 362 18 1.6% -0.70 [-3.086, 1.66) -
Total (95% CI) 421 421 100.0%  -0.44[-0.74,-0.15] L 4

Heterogeneity: Tau®= 0.00, Chi*= 12.56, df= 13 (P = 0.48), F=0% '4 _52 5 é ‘;

Test for overall effect Z=2.93 (P = 0.003) Favours [experimental] Favours [control]

Fig. 5 The effect of probiotics on FBG (mmol/L) in T2DM patitents. Mean differences of change from baseline and 95% confidence intervals (Cls)
are shown. Pooled estimates were calculated by the inverse-variance weighted random-effects meta-analysis. The squares indicate the effect of

probiotics in a particular trial and the horizontal lines represent the corresponding 95% Cls. The diamond indicated the pooled effect size

Meta-analysis estimates, given named study is omitted
Lower Cl Limit  OEstimate Upper CI Limit

Elham Razmpoos 2019 \

Fariba Raygan 2018

Hossein Shakeri 2014

Leila Khalili 2019

M. Tajabadi-Ebrahimi 2016

Majid Mohamadshahi 2014

Maryam Tajadadi-Ebrahimi 2014

Nazarii Kobyliak 2018

Reza Mobini 2016

Somayyeh Firouzi 2017

Tonucci LB 2017

Yang Hui 2017

Zatollah Asemi 2016
Zohreh Mazloom 2013 ) \

-0.93 -0.150.08

Fig. 6 Sensitivity analysis of the effects of probiotics on FBG (mmol/L) in T2DM patients. Results were computed by omitting each trial in turn.
Random-effects meta-analysis were used to estimate the pooled effect size. The two ends of the dotted lines represent the 95% Cls

The level of HbAlc in T2DM patients can precisely be due to the unknown postprandial blood glucose level
reflect the control of patients’ blood glucose. Both fasting ~ which was not included in evaluation because of insuf-
and postprandial blood glucose in patients decide HbAlc ficient clinical data. Similar findings were reported in a
level and the latter contributes significantly more to  meta-analysis by Zhang [29].

HbAlc [28]. In our meta-analysis, the effect of probiotics Although probiotics improved blood sugar, accumu-
on HbAlc % was not as significant as that on FBG. It may  lated evidence [12, 18] suggests that probiotics do not
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random. 95% CI
Elham Razrrpoosh 2019 0.4 265 30 05 249 30 127% -0.10[-1.40, 1.20)
Fariba Raygan 2018 -0.4 256 30 01 3.42 30 9.7% -0.50 [-2.03, 1.03] _
M. TajabadiEbrahimi 2016 001 1.8 30 09 21 30 19.4% -0.89 [-1.88, 0.10] I
Maryam Tajadadi-Ebrahimi 2014 -0.2 186 27 04 35 27 10.6% -0.60 [-2.05, 0.85) - 1
Nazarii Kohyliak 2018 -1.72 372 31 071 425 22 5.0% -2.43[-4.64,-0.22) -
Somayyeh Firouzi 2017 -04 18 43 0.9 2 53 28.5% -1.30 [-2.04, -0.56] —
Zatollah Asemi 2016 -0.73 3.96 51 1.82 4.09 51 9.3% -2.55[-4.11,-0.99]
Zohreh Mazloom 2013 -0.71 44 16 013 1.3 18 4.9% -0.84 [-3.08, 1.40) —
Total (95% CI) 263 261 100.0% -1.07 [-1.58, -0.56] .
Heterogeneity: Tau™= 0.10; Chi*= 851, df = 7 (P = 0.28); 1= 18% W) 5 5 : A
Test for overall effect Z = 4.08 ° < 0.0001) Favours [experimental] Favours [contro
Fig. 7 The effect of probiotics on HOMA-IR in T2DM patients. Mean differences of change from baseline and 95% confidence intervals (Cls) are
shown. Pooled estimates were calculated by the inverse-variance weighted random-effects meta-analysis. The squares indicate the effect of
probiotics in a particular trial and the horizontal lines represent the corresponding 95% Cls. The diamond indicated the pooled effect size

Elham Razmpoosh 2019 | |

Fariba Raygan 2018

M. Tajabadi-Ebrahimi 2016

Maryam Tajadadi-Ebrahimi 2014

Nazarii Kobyliak 2018

Somayyeh Firouzi 2017

Zatollah Asemi 2016

Zohreh Mazloom 2013 [

l
-1.74 -1.58

Meta-analysis estimates, given named study is omitted
| Lower CI Limit
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improve inflammation. The occurrence of insulin resist-
ance in T2DM patients is related to obesity, however,
interestingly, probiotics improved insulin resistance
without changing body mass index (BMI) [12, 18]. Of
note, although BMI of obese people is higher, it cannot
commendably reflect the amount of body fat and inflam-
mation in adipocytes. In Anne Sofie Andreasen’s study
[30], subjects accepted Escherichia coli LPS (0.3 ng/kg)
intravenous injection in 2 days. Before the intervention,
the baseline concentrations of plasma TNF, IL-6, IL-1ra
and C-reactive protein in the two groups were basically

the same. However, after 4 weeks, neither probiotic treat-
ment nor placebo treatment affected the levels of these
inflammatory cytokines, suggesting that there was no
direct anti-inflammatory effect of probiotics. Therefore,
we speculate that the effect of probiotics on improving
insulin resistance in vivo was related to the improvement
of gut microbiota and the reduction of LPS translocating
into blood. Moreover, the decrease of FBG and HbA1lc%
may result from the improvement of insulin resistance.
For these reasons, we speculate that the disorder of
gut microbiota in patients was not the cause of T2DM.
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in the funnel plot and give evidence of no publication bias

Instead, it is more likely the product of abnormal blood
glucose metabolism. Therefore, T2DM may not be cured
simply relying on the treatment of probiotics.

By performing meta-analysis for RCTs, we increased
the sample size and the statistical power. However, there
are still some limitations. First, the number of studies
included is a little small, so the validity of the results was
limited. Second, our meta-analysis included several kinds
of probiotics at different dosages and the therapy dura-
tion ranged from 6 to 12 weeks. Although the statistical
heterogeneity across trials was not significant, true het-
erogeneity caused by clinical variation did exist. Third,
we were unable to assess the effect of probiotics on the

complications of T2DM. Thus, more RCTs with large
samples are needed to confirm the effect of probiotic on
glucose metabolism in T2DM patients. And experimental
investigations are also urgently needed to uncover under-
lying mechanism of probiotics.

In summary, by meta-analyzing the effects of probiotics
on HbAlc, FBG and HOMA-IR, we found that probiot-
ics treatment can significantly improve blood glucose of
T2DM patients, as reductions in all three measures were
observed. Therefore, our results can provide a more com-
prehensive theoretical basis for the probiotic medicine
using in the improvement of T2DM.

Conclusion

In the present study, we performed a systematic assess-
ment regarding the effects of probiotics treatment on the
T2DM. A total of 15 RCT and 902 patients were included
in this study. The results of our meta-analysis indicated
that probiotics treatment can reduce HbAlc, FBG and
insulin resistance levels in T2DM patients. The result of
sensitivity analysis showed that the above results were
quite robust and stable. More clinical data and research
into the mechanism of probiotics are needed to clarify
the role of probiotics in T2DM.

Abbreviations

T2DM: type Il diabetes mellitus; HbA1c: glycated hemoglobin ATc; HOMA-

IR: homeostasis model assessment of insulin resistance; FBG: fasting blood
glucose; WMD: weighted mean difference; Cl: confidence interval; SCFA: short-
chain fatty acids; GLP-1: glucagon-like peptide-1; LPS: lipopolysaccharide; BMI:
body mass index.

Acknowledgements
Not applicable.



Tao et al. J Transl Med (2020) 18:30

Authors’ contributions

YLG and XQM extracted the data and assessed the quality of the literature.
YWT analyzed the data and wrote the paper. LZ and YFP designed the
study and revised the manuscript. All authors read and approved the final
manuscript.

Funding

This study was partially supported by the support from the National Natural
Science Foundation of China (31771417,31571291) and a project funded by
the Priority Academic Program Development (PAPD) of Jiangsu higher educa-
tion institutions.

Availability of data and materials
The data we used can be found in the references listed.

Ethics approval and consent to participate
Not applicable.

Consent for publication

The manuscript is approved by all authors for publication. I would like to
declare on behalf of my co-authors that the work described was original
research that has not been published previously, and not under considera-
tion for publication elsewhere, in whole or in part. All the authors listed have
approved the manuscript that is enclosed.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Epidemiology and Health Statistics, School of Public Health,
Medical College, Soochow University, 199 Ren-ai Rd., Suzhou 215123, Jiangsu,
People’s Republic of China. 2 Center for Genetic Epidemiology and Genomics,
School of Public Health, Medical College, Soochow University, 199 Ren-ai Rd.,
Suzhou 215123, Jiangsu, People’s Republic of China. ® Jiangsu Key Laboratory
of Preventive and Translational Medicine for Geriatric Diseases, Medical Col-
lege, Soochow University, Suzhou, People’s Republic of China.

Received: 15 October 2019 Accepted: 4 January 2020
Published online: 17 January 2020

References

1. DeFronzo AR. Pathogenesis of type 2 diabetes mellitus. Med Clin N Am.
2004;88:787-835.

2. Horowitz M, Harding PE, Maddox AF, Wishart JM, Akkermans LMA, Chat-
terton BE, Shearman DJC. Gastric and oesophageal emptying in patients
with type 2 (non-insulin-dependent) diabetes mellitus. Diabetologia.
1989;32:151-9.

3. ChangJ, Rayner CK, Jones KL, Horowitz M. Diabetic gastroparesis—back-
wards and forwards. J Gastroenterol Hepatol. 2011;26:46-57.

4. Azpiroz F, Malagelada C. Diabetic neuropathy in the gut: pathogenesis

and diagnosis. Diabetologia. 2016;59:404-8.

Wu SL. Staging of type 2 diabetes mellitus. Genet Mol Res. 2015;14:2118.

6. Herder C, Brunner EJ, Rathmann W, Strassburger K, Tabdk AG, Schloot NC,
Witte DR. Elevated levels of the anti-inflammatory interleukin-1 receptor
antagonist precede the onset of type 2 diabetes the whitehall Il study.
Diabetes Care. 2009;32:421-3.

7. QinlJ LiY,Cai Z LiS, Zhu J, Zhang F, Liang S, Zhang W, Guan Y, Shen D. A
metagenome-wide association study of gut microbiota in type 2 diabe-
tes. Nature. 2012;490:55.

8. Kobyliak N, Virchenko O, Falalyeyeva T. Pathophysiological role of host
microbiota in the development of obesity. Nutr J. 2016;15:43.

9. Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H, Sasikala M,
Nageshwar Reddy D. Role of the normal gut microbiota. World J Gastro-
enterol. 2015;21:8787-803.

10. Combettes MM. GLP-1 and type 2 diabetes: physiology and new clinical
advances. Curr Opin Pharmacol. 2006;6:598-605.

L

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 10 of 11

. Kobyliak N, Conte C, Cammarota G, Haley AP, Styriak |, Gaspar L, Fusek J,

Rodrigo L, Kruzliak P. Probiotics in prevention and treatment of obesity: a
critical view. Nutr Metab. 2016;13:14.

. Firouzi S, Majid HA, Ismail A, Kamaruddin NA, Barakatun-Nisak MY. Effect

of multi-strain probiotics (multi-strain microbial cell preparation) on gly-
cemic control and other diabetes-related outcomes in people with type
2 diabetes: a randomized controlled trial. Eur J Nutr. 2017,56:1535-50.

. Khalili L, Alipour B, Asghari Jafar-Abadi M, Faraji |, Hassanalilou T, Mesgari

Abbasi M, Vaghef-Mehrabany E, Alizadeh Sani M. The effects of lactobacil-
lus casei on glycemic response, serum sirtuin1 and fetuin-A levels in
patients with type 2 diabetes mellitus: a randomized controlled trial. Iran
Biomed J. 2019;23:68-77.

. Mobini R, TremaroliV, Stahlman M, Karlsson F, Levin M, Ljungberg M,

Sohlin M, Berteus Forslund H, Perkins R, Backhed F, Jansson PA. Metabolic
effects of Lactobacillus reuteri DSM 17938 in people with type 2 diabetes:
a randomized controlled trial. Diabetes Obes Metab. 2017;19:579-89.

. Razmpoosh E, Javadi A, Ejtahed HS, Mirmiran P, Javadi M, Yousefinejad A.

The effect of probiotic supplementation on glycemic control and lipid
profile in patients with type 2 diabetes: a randomized placebo controlled
trial. Diabetes Metab Syndr. 2019;13:175-82.

. Yang H, Guo H, Hao HW, Zeng Q, Guo FF, Wang N, Wang BH, Ma YX. Effect

on blood glucose of yogurt supplemented with probiotics N1115 in type
2 diabetes mellitus. Food Sci Technol. 2018;43:14-9.

. Asemi Z, Alizadeh SA, Ahmad K, Goli M, Esmaillzadeh A. Effects of

beta-carotene fortified synbiotic food on metabolic control of patients
with type 2 diabetes mellitus: a double-blind randomized cross-over
controlled clinical trial. Clin Nutr. 2016;35:819-25.

. Tonucci LB, de Santos KM, de Oliveira LL, Ribeiro SM, Martino HS. Clinical

application of probiotics in type 2 diabetes mellitus: a randomized,
double-blind, placebo-controlled study. Clin Nutr. 2017;36:85-92.

. Tajadadiebrahimi M, Bahmani F, Shakeri H, Hadaegh H, Hijijafari M, Abedi

F, Asemi Z. Effects of daily consumption of synbiotic bread on insulin
metabolism and serum high-sensitivity C-reactive protein among dia-
betic patients: a double-blind, randomized, controlled clinical trial. Ann
Nutr Metab. 2014;65:34-41.

Tajabadi-Ebrahimi M, Sharifi N, Farrokhian A, Raygan F, Karamali F,
Razzaghi R, Taheri S, Asemi Z. A randomized controlled clinical trial
investigating the effect of synbiotic administration on markers of insulin
metabolism and lipid profiles in overweight type 2 diabetic patients with
coronary heart disease. Exp Clin Endocrinol Diabetes. 2017;125:21-7.
Shakeri H, Hadaegh H, Abedi F, Tajabadiebrahimi M, Mazroii N, Ghandi

Y, Asemi Z. Consumption of synbiotic bread decreases triacylglycerol
and VLDL levels while increasing HDL levels in serum from patients with
type-2 diabetes. Lipids. 2014;49:695-701.

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;4:83-8.
Mobini R, Tremaroli V, Stdhiman M, Karlsson F, PhD MLM, Ljungberg M,
Sohlin M, Forslund HB, Perkins R, Backhed F. Metabolic effects of Lacto-
bacillus reuteri DSM 17938 in people with type 2 diabetes: a randomized
controlled trial. Diabetes Obes Metab. 2016;19:579.

Mazloom Z, Yousefinejad A, Dabbaghmanesh MH. Effect of probiotics on
lipid profile, glycemic control, insulin action, oxidative stress, and inflam-
matory markers in patients with type 2 diabetes: a clinical trial. Iran J Med
Sci. 2013;38:38-43.

Kobyliak N, Falalyeyeva T, Mykhalchyshyn G, Kyriienko D, Komissar-

enko I. Effect of alive probiotic on insulin resistance in type 2 diabetes
patients: randomized clinical trial. Diabetes Metab Syndr Clin Res Rev.
2018;12:51871402118301061.

Fariba R, Zohreh R, Fereshteh B, Vahidreza O, Ali MM, Maryam T-E,
Shokoofeh B, Zatollah A. The effects of probiotic supplementation on
metabolic status in type 2 diabetic patients with coronary heart disease.
Diabetol Metab Syndr. 2018;10:51.

Ejtahed HS, Mohtadi-Nia J, Homayouni-Rad A, Niafar M, Asghari-Jafar-
abadi M, Mofid V. Probiotic yogurt improves antioxidant status in type 2
diabetic patients. Nutrition. 2012,28:539-43.

Zhou J, Martin RJ, Tulley RT, Raggio AM, Mccutcheon KL, Shen L, Danna
SC, Tripathy S, Hegsted M, Keenan MJ. Dietary resistant starch upregulates



Tao et al. J Trans| Med

29.

30.

(2020) 18:30

total GLP-1 and PYY in a sustained day-long manner through fermenta-
tion in rodents. Am J Physiol Endocrinol Metab. 2008;295:1160-6.
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. 2016;52:28-34.

Andreasen AS, Larsen N, Pedersenskovsgaard T, Berg RMG, Maller

K, Svendsen KD, Jakobsen M, Pedersen BK. Effects of Lactobacillus

Page 11 of 11

acidophilus NCFM on insulin sensitivity and the systemic inflammatory
response in human subjects. Br J Nutr. 2010;104:1831-8.

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

Ready to submit your research? Choose BMC and benefit from:

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC




	Effects of probiotics on type II diabetes mellitus: a meta-analysis
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Identification of relevant studies
	Inclusion and exclusion criteria
	Data extraction
	Literature quality evaluation
	Statistical analysis

	Results
	Literature selection
	Study characteristics
	Literature quality evaluation
	Meta-analysis
	Effects of probiotics on HbA1c%
	Effects of probiotics on FBG
	Effects of probiotics on HOMA-IR
	Publication bias

	Discussion
	Conclusion
	Acknowledgements
	References




