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Aims: Modulation of the gastrointestinal microbiome is suggested to contribute to the progression of
metabolic syndrome associated diseases. This study was designed to assess the effects of probiotics and
synbiotics on metabolic syndrome in individuals with prediabetes.
Methods: 120 adults with prediabetes were enrolled in a double-blind, placebo-controlled randomized
parallel-group clinical trial. Participants were randomized to a multi-species probiotic or inulin-based
synbiotic or placebo. Blood samples and anthropometric measures were collected at baseline, 12 and
24 weeks after treatment. The primary outcome measures were the changes between groups in metabolic syndrome and its components' prevalence.
Results: A signiﬁcant trend for a reduction in the prevalence of hyperglycemia in probiotic and synbiotic
groups (p ¼ 0.01 and 0.005 respectively), and hypertension in probiotic group (p ¼ 0.04) was found. The
decreases in metabolic syndrome prevalence were signiﬁcant after taking probiotic and synbiotic supplementation as compared with placebo (p ¼ 0.02). Also, the prevalence of low HDL-cholesterol level was
decreased during the study in the probiotic group compared with placebo (p ¼ 0.02).
Conclusions: The potential beneﬁts of using probiotic and synbiotic for metabolic syndrome management in prediabetes have been supported by the results in the current study which might provide an
important strategy to combat metabolic syndrome-associated diseases.
© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
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1. Introduction
The term of metabolic syndrome is used to describe a combination of metabolic disorders that all together, increase the risk of
type 2 diabetes mellitus (T2DM) and cardiovascular diseases [1].
The components of metabolic syndrome are including the presence
of central obesity, dyslipidemia, glucose intolerance and hypertension [2]. The worldwide prevalence of metabolic syndrome is
variable, ranging from 10% to 84%, depending on geographical origins and composition of the studied population [3]. Metabolic
syndrome prevalence has been increased substantially in the last
two decades which should be a priority for public health [4]. It is
estimated that people with metabolic syndrome are twice as likely
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to die and three times as likely to have a heart attack or stroke
compared with people without the syndrome [5]. Moreover,
compared with persons without metabolic syndrome, those with
the syndrome have an approximately 5-fold increase in diabetes
risk. However, when metabolic syndrome combines with prediabetes, the risk is increased even more [6]. Indeed, two clinical
constructs for identifying individuals at high risk of developing
type 2 diabetes are metabolic syndrome and prediabetes. Thus,
effective treatment of these at-risk individuals is imperative for the
prevention of type 2 diabetes [7].
To date, the intestinal microbiota has been interested in its
equivocal impact on health and is an emerging investigative ﬁeld
[8]. The connection between metabolic syndrome and gut microbiota is now acknowledged and some of the therapeutic strategies
have been proposed to improve the composition of the gut
microﬂora in order to promote optimal metabolic health [9].
Current investigations suggest that manipulation of the gut
microbiota by probiotics, prebiotics, and synbiotics could be a
promising approach for the management of metabolic syndrome
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[10]. Probiotics reside in the human intestine and colon and exert
actions such as modulating gastrointestinal micro-ﬂora and
immunologic responses. Prebiotics are non-digestible oligosaccharides that beneﬁcially affect by stimulating the growth or activity of beneﬁcial bacteria in the colon [11]. In combination,
probiotics and prebiotics create synbiotics, which can provide even
more beneﬁts than probiotics or prebiotics alone. Certain probiotic
species and prebiotic types have been partially demonstrated to
improve glycemic markers and lipid proﬁles in obese, type 2 diabetes mellitus and dyslipidemic rodents and human subjects
[12,13]. However, it is not known whether probiotic species, prebiotics or synbiotics can improve metabolic syndrome in individuals at risk of type 2 diabetes.
Hence, well-designed clinical trials addressing the efﬁcacy and
efﬁciency of these products on metabolic syndrome and its components are needed. For this reason and also because of conﬂicting
results of previous studies, the present study has been designed to
investigate the effects of supplementation with probiotics and
synbiotic on metabolic syndrome in subjects with prediabetes who
are at risk of diabetes and cardiovascular diseases.
2. Methods
2.1. Participants
Prediabetic individuals aged between 35 and 70 years were
recruited from the ﬁrst relatives of type 2 diabetic patients in the
outpatient clinic of Isfahan Endocrine and Metabolism Research
Center between June 2016 and March 2017. Eligibility criteria
included male and female adults with fasting plasma glucose between 100 mg/dl and 125 mg/dl and/or 2 h postprandial serum
glucose levels between 140 mg/dl and 199 mg/dl following a 2-hour
75-g glucose tolerance test and/or glycated hemoglobin (HbA1C)
between 5.7% and 6.4%, according to ADA deﬁnition for prediabetes
[14]. Exclusion criteria included smoking, use of steroids and other
agents that may inﬂuence lipid metabolism, diabetes mellitus,
hypo- and hyperthyroidism, cardiovascular events within the last 6
months, major systemic diseases, gastrointestinal problems, liver
disease, renal failure, using probiotic, prebiotic or synbiotic during
the past 3 months, antibiotic or laxatives use in the past 3 months
or during the treatment period, pregnancy, having food allergies,
and participation in any other clinical trials within the last 6
months.
2.2. Study design
The original protocol consisted of a 24-week intervention period
with a 36-week follow-up, as previously reported [15]. The current
study was an adaptation of the original intervention and was
conducted as a 24-week (without follow-up), randomized, doubleblind, placebo-controlled, three-arm, parallel-group clinical trial.
2.3. Sample size
For the primary outcome, we estimated that we would need to
enroll 87 patients to detect a reduction in the frequency of the
metabolic syndrome of 15% [16] by probiotic or synbiotic as
compared with placebo with the statistical power of 80%, allowing
for a type I (a) error of 0.05. However, allowing for a loss to followup of 30%, 120 patients were required to undergo randomization.
2.4. Randomization
The randomization sequence was generated using a computergenerated list of random numbers to create a series of

sequentially numbered envelopes containing equal assignments to
placebo, probiotic or synbiotic. Recruited participants were
enrolled and assigned a three-digit number in chronological order
by a person not involved in the study. Participants were then randomized to one of the three groups by blocking stratiﬁed sampling
method according to age and gender. The study pharmacist was
responsible for delivery of the blinded supplements. The supplements, which were assigned letter A, B or C, were otherwise
identical and the participants, laboratory staff, outcome assessors,
and data analysts were blinded for assignment to interventions. An
unrestricted randomization scheme was followed. The randomization numbers were contained in sealed, opaque envelopes kept
by ofﬁce staffs who were not involved in outcome measurements.
The blinding code was provided to the investigators after the statistical analyses were completed.
2.5. Intervention
Participants were supplemented with 6 g/d of either probiotic
containing the freeze-dried Lactobacillus acidophilus, Biﬁdobacterium biﬁdum, Biﬁdobacterium lactis, and Biﬁdobacter longum
(1.5  109 for each) with maltodextrin as ﬁller, synbiotics
comprising the mentioned-above probiotics plus inulin as prebiotic, or placebo including maltodextrin for 24 weeks. The supplements were prepared and packaged in Tak Gen Zist Pharmaceutical
Company, Tehran, Iran in sachet form. The participants were
advised not to modify their dietary and/or physical activity habits
during the study. The researchers were in weekly contact with
participants and if there were any concerns or side effects during
the intervention, the participant was excluded from the study.
Compliance was assessed based on returned sachet counts. If a
participant had missed more than 10% of supplement dose at
follow-ups, it deﬁned as noncompliance and he or she was
excluded from the study.
2.6. Ethical aspects
This study was conducted according to the ethical guidelines
provided by the National Health and Medical Research Council and
the Declaration of Helsinki. The original study protocol was
approved by the Isfahan University of Medical Sciences and the
Research Ethics Committee (approval no. IR. MUI.REC.1394.3.813).
All identiﬁable information collected from participants was coded.
All participants provided signed, written informed consent. This
trial was registered with the Iranian Clinical Trials Register (trial
registration no.: IRCT201511032321N2).
2.7. Assessments
Assessments were done at the beginning and repeated at 12weeks and 24-weeks of intervention periods.
2.7.1. Anthropometric variable
Waist circumference was measured at the midpoint between
the lowest rib and the iliac crest to the nearest 0.1 cm using a
ﬂexible tape. All the measurements were taken by one person to
decrease the error rate.
2.7.2. Blood pressure
Blood pressure for each participant was measured by a trained
nurse on three occasions using a mercury sphygmomanometer to
the nearest 1 mm Hg in the sitting position after at least 5 min of
rest. The mean of three measurements with a minimum of 5 min
between the occasions was recorded according to American Heart
Association guidelines [17].
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2.7.3. Laboratory tests
Participants who had met the inclusion criteria were instructed
to arrive at Isfahan Endocrine and Metabolism Research Center for
laboratory testing between 7:00 and 9:00 a.m. after a 12-hour
overnight fast and not to do vigorous physical activity for the previous 48 h. We measured the fasting plasma glucose level by using
the glucose oxidase (GOD) method. Plasma lipid and lipoprotein
concentrations (i.e., high-density lipoprotein cholesterol, and triglycerides) were measured using a photometric assay kit (Pars
Azmoun Co., Tehran, Iran). All of the intra- and inter-assay coefﬁcients of variation were <10%.
2.8. Metabolic syndrome deﬁnition
The metabolic syndrome was deﬁned according to the National
Cholesterol Education Program's Adult Treatment Panel III criteria
(NCEP ATP-III); the presence of three or more of the following
criteria: waist circumference102 cm for men and 88 cm for
women, fasting triacylglycerol 150 mg/dl, HDL-cholesterol
<40 mg/dl for men and <50 mg/dl for women, blood pressure
130 mmHg systolic or 85 mmHg diastolic, or drug treatment for
hypertension, and fasting plasma glucose 100 mg/dl [18].
2.9. Statistical analysis
The analysis was based on intention-to-treat. Continuous variables were summarized as means ± SD and categorical variables as
proportions. The baseline data in the three groups were compared
using one-way ANOVA and chi-square test. For categorical variables, the chi-square test was used to analyze the association between groups at each time and the Cochrane test was used to
compare the trend of changes in each group. Generalized estimation equation (GEE) was applied to evaluate and compare the effect
of the interventions on categorical outcomes between groups. Twosided p-values of less than 0.05 were considered to indicate statistical signiﬁcance. Statistical analysis was performed with the use
of a statistical software package (SPSS-15).
3. Results
120 participants were randomly assigned to an intervention,
with 40 participants to undergo probiotics, 40 participants to undergo synbiotic and 40 participants to undergo placebo. 35 participants lost to follow-up the study. The attrition rates were 37% for
the probiotic group, 28.6% for the synbiotic group and 34.4% for the
placebo group. The major causes of attrition were using antibiotic
during the study, low compliance, disinclination, GI complication,
and traveling. Finally, 85 participants completed the 24-weeks’
intervention including 27 in probiotic, 30 in synbiotic and 28 in
placebo groups (Fig. 1).
The baseline demographic, anthropometric and biochemical
characteristics were not different between the three groups
(Table 1).
81 out of 120 participants (67.5%) had the metabolic syndrome
at the baseline of study (22 in the probiotic group, 26 in the synbiotic group and 33 in the placebo group, p ¼ 0.38). We observed a
signiﬁcant trend for a reduction in the prevalence of hyperglycemia
(FPG100) in probiotic and synbiotic groups (p ¼ 0.01 and 0.005
respectively), and hypertension (130 mmHg systolic or
85 mmHg diastolic, or drug treatment for hypertension) in probiotic group (p ¼ 0.04). There was a reduction in the other components in probiotics and synbiotic groups during intervention
period as well, although it was not signiﬁcant (Table 2). On the
other hands, the differences in metabolic syndrome between the
three groups were seen at 12 weeks and 24 weeks (p ¼ 0.04 and
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0.032 respectively). The change in metabolic syndrome prevalence,
as it has been shown in Fig. 2, revealed a decreasing trend for all
treatment groups which was signiﬁcant after taking probiotic and
synbiotic supplements as compared with placebo (p ¼ 0.02). For
hypertriglyceridemia, a signiﬁcant difference between probiotic
and synbiotic groups compared to placebo at 24 weeks of intervention was observed (p ¼ 0.02). Also, the prevalence of low HDLcholesterol was reduced during the study in probiotic group
compared with placebo (Table 2). During the study, no serious
adverse events were registered. The only reported adverse event
(14.1%) was mild gastrointestinal complications including ﬂatulence, dysphagia, and dyspepsia (2 in the probiotic group, 5 in the
synbiotic group and 5 in the placebo group).
4. Discussion
The available evidence suggesting the employ of probiotics,
prebiotics or synbiotics are not strong enough and, therefore, the
therapeutic use of these supplements for metabolic disorders has
not been recommended yet [18,19]. Also, only a small number of
studies focusing on human interventions were designed to analyze
the effects of probiotic and/or synbiotic administration in prediabetes population who are at risk of diabetes and cardiovascular
diseases [5]. The outcome of this study revealed that the treatment
by probiotic and synbiotic decreased metabolic syndrome prevalence during the study period (17% and 23% respectively) which the
changes were signiﬁcant compared to placebo. This outcome leads
to improve the current knowledge in clinical practice about metabolic abnormalities. The results of this study showed that the trend
of reduction in metabolic syndrome through synbiotic administration has occurred in the ﬁrst 12 weeks. Therefore, it seems that
12weeks period may be sufﬁcient to observe synbiotic effects on
metabolic syndrome improvements in prediabetic subjects. In our
subjects, according to the National Cholesterol Education Program's
Adult Treatment Panel III deﬁnition, the prevalence of the metabolic syndrome was 67.5% at baseline. It has been documented that
approximately 70% of individuals with prediabetes meet clinical
criteria for the metabolic syndrome which is in agreement with
current study [20]. In the Iranian adult population, according to the
population-based studies in different cities of Iran, the prevalence
of metabolic syndrome from 2003 to 2016 has been 31e37% [21].
The prevalence of metabolic syndrome in Isfahan province, according to Isfahan Healthy Heart Program (IHHP) in 2015, has been
reported as 20.7% [22]. So, there is an emerging high prevalence of
metabolic syndrome in prediabetic subjects compared with general
population. Consequently, as the overlap between prediabetes and
metabolic syndrome creates a tension for diabetes, it is important
to identify the prediabetes patients with metabolic syndrome
because these patients have a particularly adverse metabolic state
[23]. Therefore, to reduce the risk of diabetes and cardiovascular
events in individuals with prediabetes, screening and early detection and treatment of risk factors for metabolic syndrome are
strongly recommended.
The reversal of the metabolic syndrome is usually due to a signiﬁcant reduction in at least one of the components [24]. The results of this study showed that in 26% of the patients with
hyperglycemia and 21% of the patients with hypertension who
underwent probiotic therapy, the disorder resolved within 24
weeks which is a statistically signiﬁcant improvement. Moreover,
the prevalence of low HDL-cholesterol improved through probiotic
supplementation in compared with placebo. These results were in
agreement with most prior studies. It has been shown that oral
administration of probiotics could decrease serum glucose levels
and modulate lipid metabolism in animal models [25e27]. Some
researchers have investigated the effects of probiotics on serum
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Fig. 1. Flowchart according to the consolidated standards of reporting trials.

Table 1
Baseline characteristics presented by the three groups.

Age (years)
Gender

Male N (%)
Female N (%)

Education (years)
Waist circumference (cm)
Fasting Plasma Glucose (mg/dl)
Systolic Blood Pressure (mmHg)
Diastolic Blood Pressure (mmHg)
HDL-C (mg/dl)a
Triglyceride (mg/dl)
a

Probiotic (n ¼ 40)

Synbiotic (n ¼ 40)

Placebo (n ¼ 40)

P- value

52.9 ± 6.3
15 (48)
25 (52)
11.8 ± 3.8
96.23 ± 9.4
107.19 ± 7.6
122 ± 10
79 ± 6
46.11 ± 10.8
157.57 ± 72.9

52.97 ± 6.8
17 (43)
23 (57)
11.1 ± 3.8
97.43 ± 9.7
107.93 ± 8.5
119 ± 12
79 ± 5
42.41 ± 9.8
148.05 ± 52.6

52.97 ± 5.9
18 (43)
22 (57)
10.5 ± 3.3
98.76 ± 8.8
104.56 ± 8.2
123 ± 13
82 ± 7
43.00 ± 9.3
150.40 ± 53.2

0.91
0.96
0.22
0.47
0.44
0.39
0.23
0.22
0.73

High density lipoprotein cholesterol.

glucose and lipid proﬁles in human subjects too, but the results
have not been consistent [28e30]. These discrepancies may have
been caused by using various probiotic strains. It seems that using
multispecies probiotic may be more effective than single-strain on
metabolic disorders [31].
We used 4-strain probiotics including Lactobacillus acidophilus,
Biﬁdobacterium biﬁdum, Biﬁdobacterium lactis, and Biﬁdobacterium
longum in this study.
Interestingly, certain probiotics share common beneﬁcial properties and it should be kept in mind that different bacteria may
affect different sections of the intestines. The Lactobacillus and
Biﬁdobacterium strains cannot individually account for all of the
effects attributed to probiotics. In humans, it may be expected that

probiotic action of Lactobacillus strains is primarily targeting the
small intestine, while that of Biﬁdobacterium strains is directed
more towards the colon [32].
The administration of probiotics combining Biﬁdobacterium and
Lactobacillus strains seems to improve glucose tolerance, increase
the production of SCFAs and of butyrate that stimulate the intestinal production of GLP-1 [33].
The present study was the ﬁrst to test the effects of our synthetic
synbiotic which was created for the ﬁrst time in Iran. There are few
data on the relationships of synbiotic supplementation and metabolic syndrome, particularly in Iran. In the current study, synbiotic
could resolve hyperglycemia in 21.4% of the subjects in which the
improvement is statistically signiﬁcant.
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Table 2
The frequency of metabolic syndrome and its components in the three groups at the intervention periods.
components

Groups

At baseline (n ¼ 120)

At 12 weeks (n ¼ 90)

At 24 weeks (n ¼ 85)

p-valuea

p-valuec

Central Obesitye

Probiotic N (%)
Synbiotic N (%)
Placebo N (%)
p-valueb
Probiotic N (%)
Synbiotic N (%)
Placebo N (%)
p-valueb
Probiotic N (%)
Synbiotic N (%)
Placebo N (%)
p-valueb
Probiotic N (%)
Synbiotic N (%)
Placebo N (%)
p-valueb
Probiotic N (%)
Synbiotic N (%)
Placebo N (%)
p-valueb
Probiotic N (%)
Synbiotic N (%)
Placebo N (%)
p-valueb

23 (62.2%)
25 (61%)
30 (66.6%)
0.84
31 (83.8%)
32 (78%)
38 (84.4%)
0.70
15 (40.5%)
13 (31.7%)
22 (48.8%)
0.27
17 (45.9%)
16 (40%)
22 (50%)
0.65
17 (47.2%)
30 (83.3%)
30 (66.6%)
0.05
22 (59.4%)
26 (63.4%)
33 (73.3%)
0.38

16 (55.2%)
18 (56.2%)
22 (75.8%)
0.18
20 (68.9%)
18 (56.25%)
22 (75.8%)
0.25
11 (37.9%)
8 (25%)
14 (48.3%)
0.17
13 (44.8%)
13 (41.9%)
14 (50%)
0.82
11 (39.3%)
19 (59.4%)
19 (65.5%)
0.11
15 (51.7%)
13 (40.6%)
21 (72.4%)
0.04*

16 (61.5%)
16 (53.3%)
20 (71.4%)
0.36
15 (57.7%)
17 (56.6%)
17 (60.7%)
0.95
5 (19.2%)
8 (26.6%)
10 (35.7%)
0.39
9 (34.6%)
8 (27.6%)
17 (62.9%)
0.02*
12 (48%)
22 (73.3%)
21 (75%)
0.07
11 (42.3%)
12 (40%)
20 (71.4%)
0.032*

0.13
0.89
0.22

0.42

0.01*
0.005*
0.14

0.47

0.04*
0.40
0.27

0.18

0.05
0.18
0.37

0.26

0.56
0.15
0.47

0.02*

0.23
0.09
0.91

0.02*

Hyperglycemiaf

Hypertensiong

Hypertriglyceridemiah

Low HDL eCi

Metabolic Syndromed

*p < 0.05 that is deﬁned as statistically signiﬁcant.
a
Obtained based on Chochran test (within group analysis).
b
Obtained based on Chi-square test (between group analysis at each study time point).
c
Resulted from GEE for comparing the changes over time between study groups.
d
Deﬁned according to the National Cholesterol Education Program's Adult Treatment Panel III criteria.
e
Waist circumference102 cm for men and 88 cm for women.
f
Fasting plasma glucose 100 mg/dl.
g
Blood pressure 130 mmHg systolic or 85 mmHg diastolic, or drug treatment for hypertension.
h
Fasting triacylglycerol 150 mg/dl.
i
HDL-cholesterol <40 mg/dl for men and <50 mg/dl for women.

statistically signiﬁcant, they might be signiﬁcant by using more
sample size.
However, additional studies are needed to clarify whether
probiotics or synbiotics can be used in prediabetes patients as a
therapeutic or preventive agent for metabolic syndrome or not.
5. Strengths

Fig. 2. The trend of metabolic syndrome in the three groups during the study period.

This study has several strengths, including the dosage and
length of intervention that was estimated as appropriated based on
the existing literature of probiotic and synbiotic intervention trials
within related research ﬁelds. The implications of our study are
strengthened because of being a placebo-controlled, double-blind,
randomized study. Furthermore, we reported data on the metabolic
syndrome in prediabetes patients, which have a synergistic cardiovascular and diabetes risk.
6. Limitations

Our synbiotic was included the above-mentioned probiotics
plus inulin as prebiotic. Prebiotics enhance the growth of beneﬁcial
bacteria such as Biﬁdobacteria or Lactobacilli. Moreover, they
contribute to reducing body weight and adipocyte size by modulating appetite and by promoting the production of GLP-1, peptide
YY and the decrease of ghrelin, and fatty acid storage [34]. However,
data regarding effects of prebiotics on body weight, satiety, GLP-1,
and peptide YY production seem to be controversial [35]. We
found that the prevalence of other components of metabolic syndrome has been declined in intervention period by probiotic and
synbiotic when measured on the basis of clinical targets using the
biological thresholds outlined in NCEP ATP-III. Although the differences in the prevalence of these components were not

Although the sample size in this study provided sufﬁcient power
to distinguish statistically signiﬁcant effects in the main outcome
variables, some of the changes were near to be signiﬁcant that if we
used the more sample size it was possible to get better results.
7. Conclusion
The results of this study demonstrated the potential beneﬁts of
using probiotic and synbiotic to metabolic syndrome management
in prediabetes patients. Since metabolic syndrome can lead to type
2 diabetes mellitus and other chronic diseases with signiﬁcant
public health impacts, the use of probiotic and synbiotic might
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provide an important tool in public health strategies to combat
metabolic syndrome-associated diseases. Overall, the results of this
trial add to the current knowledge base while suggesting potential
beneﬁts of functional foods that can be applied in the context of
clinical practice.
However, more clinical studies are still needed to reach deﬁnitive conclusions on the potential applications of the human gut
microbiome in the treatment of the patients with metabolic
syndrome-associated diseases.
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