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Abstract
It has recently been shown that metabolic syndrome is
associated with gut dysbiosis. The gut microbiota may be
the main target for prevention or treatment of metabolic
syndrome. We investigated the effects of synbiotic
supplementation on metabolic syndrome. In this triple
blinded clinical trial, 46 Iranian patients with metabolic
syndrome from both sexes aged 25-70 year who fulfilled
inclusion criteria were randomly categorized to receive
either the synbiotic or a placebo capsule, twice a day for
three months, plus a weight loss diet using stratified
random sampling based on BMI. Each synbiotic capsule
consisted of 7 strains probiotic bacteria (2×108) plus
fructooligosacharide as a prebiotic. Anthropometric
measurements and biochemical tests were assessed at
baseline and at the end of week 12 for FBS, insulin, lipid
profile, hs-CRP, IL-6, PYY and GLP-1. The mean changes of
weight, BMI, FBS, insulin, HOMA-IR and GLP-1 between
two groups was statistically significant (p<0.001).
Furthermore, PYY increased in synbiotic group
significantly (p ≤ 0.05). The trend of weight loss in the
synbiotic group was significant until the end of study
(P<0.001) while it was stopped at the week 6 in the
placebo group. Treatment with synbiotic may improve the
status of BMI, FBS, Insulin resistance, HOMA-IR, GLP-1 and
PYY in patients with metabolic syndrome.
Keywords: Synbiotic; Microflora; Insulin resistance;
Appetite; Body mass index

Introduction
Recent evidences have shown that the gut microbiota is
linked to intermediary metabolism, body weight and
inflammation. So, it could be involved in pathogenesis of
obesity, metabolic syndrome, diabetes type 1 and 2 [1].
Researches have suggested that changes in the gut microbiota
are correlated with changes in energy intake, blood glucose
level, insulin concentration, lipid profile and gut peptides
related to appetite [2]. Furthermore, it has been shown that
dysbiosis of the intestinal microbiota composition develops a
proinflammatory state that is associated with obesity and
subsequent metabolic disorders such as insulin resistance and
inflammation [3]. It seems that it is a mutual relation, such
that low grade inflammation has in hence, relation to the
changes in composition of intestinal gut microbiota [4,5].
Some factors such as antibiotics, infections, ageing, stress
and inadequate nutrition can disturb the balance between the
number of beneficial and pathogenic bacteria in the intestine
[6]. Recently it has been shown that certain species of
probiotic bacteria like bifido bacteria and lactobacilli can
improve balance of the intestinal microflora through increase
in the number of beneficial bacteria and decrease in
pathogenic bacteria and can decrease intestinal endotoxin
levels. It in hence, influences on protective functions of the gut
mucosa and modifies its immune responses [4,7-9]. Some
animal studies have introduced pre/probiotic consumption as
a new strategy to treat obesity, disorders of lipid profile,
insulin resistance and inflammation [10-13] but data in
humans are currently scarce and controversial.
The effects of dietary pre/probiotics on energy intake, body
weight, peptide YY (PYY), glucagon-like peptide-1 (GLP-1)
concentrations, lipid profile, inflammatory markers and
immune function are contradictory, most probably due to the
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different experimental designs or different species of bacteria.
Recently, few studies in human and animal models have shown
that dietary prebiotic consumption is associated with
improvements in satiety and reduction in postprandial glucose
and insulin resistance [14]. On the other hand, some authors
have asserted that the use of probiotic without prebiotic
accompaniment cannot be so effective, because the probiotic
bacteria may arrive to the colon before their metabolic
activation. So, they have suggested combination of a probiotic
with a prebiotic to get better outcomes [15].
Therefore, we investigated the effects of a multispecies
synbiotic supplement consisting of 7 strains of probiotic
bacteria with a prebiotic component, on body mass index
(BMI), metabolic and inflammatory biomarkers and intestinal
anorexigenic peptides in patients with metabolic syndrome in
Iran.

Methods
Sample size
For calculating the sample size, we considered at least
30mg/dl difference in mean of fasting blood glucose between
synbiotic and placebo groups at the end of the study to reject
the null hypothesis [16]. Based on the mean and standard
deviation in previous studies [17], we considered 20 people in
each group with an α of 0.05 and a power of 0.80. To consider
the dropout rate, we chose 23 people in each group.
Therefore, the total sample size of this trial was 46.

Study population
The present study was a parallel triple blind randomized
clinical trial. A total of 46 female and male volunteers aged
25-70, with BMI ≥ 25 kg/m2, with at least three determinant of
metabolic syndrome including (FBS ≥ 100 mg/dl, waist
circumference ≥ 90 cm and 80 cm for males and females,
respectively, blood pressure ≥ 130/85 mmHg), not smoking,
pregnant and lactating, without a diagnosis of thyroid
disorders or kidney disease, not taking multivitamin-mineral
supplements, omega-3, oral contraceptive peel, estrogen,
progesterone, corticosteroids and insulin, not consuming
green tea, not being a vegetarian and not taking any kind of
antibiotic drugs from 1 month before the study were recruited
from health services centers in district 2 in Tehran.
Recruitment was done via attendant in these centers, the
telephone and advertisements. Patients who took antibiotic
during the study, consumed less than 800 or more than 4200
Kcal/daily according to 3-day food recalls, consumed less than
2/3 of synbiotic/placebo capsules or missed any inclusion
criteria during the study, were excluded from the study. All
patients were allowed to continue their usual medication.
Prior to the trial, a full explanation concerning the purpose
and methodology of the study was given to the participants by
the researchers and written informed consent was obtained
from all participants. The present study was conducted
according to the guidelines laid down in the Declaration of
Helsinki and all procedures involving human subjects were
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approved by the Ethics Committee of the Iranian National
Institute of Nutrition and Food Technology and it was
registered in Iranian Registry of Clinical Trials
(IRCT2013111115368N1).

Measurements
Information on anthropometric measurements was
collected at the beginning, at week 6 and at the end of the trial
(week 12). Body weight was measured using a scale (Seca,
Hamburg, Germany) with 0.1 kg accuracy without shoes and
with light clothing. Heights were measured using a statiometer
(Seca) with 0.1 cm accuracy without shoes. Body mass index
(BMI) was calculated by dividing weight (kg) by height squared
(m2). At the end of each 3 interval, body weight was
measured. For assess the calorie, carbohydrate, protein, fat,
cholesterol, saturated and unsaturated fatty acids, calcium,
fiber, vitamin A, D, E and C intake, we used 3-day food recall
questionnaires for each 3 time interval that completed by a
trained nutritionist. Nutritionist IV software was used for
dietary intakes analysis. A physical activity questionnaire was
used to assess physical activity of patient at first and the end
of study. Reproducibility and validity of this questionnaire was
confirmed in a study of Kelishadi et al. in Iran [18]. The
volunteers were told to continue to their usual physical activity
during the study.
For biochemical measurements, blood samples were
collected in the beginning and at the end of the study (week
12). The 12-14 h overnight fasting blood samples were
collected in the morning from the antecubital vein in the arm.
The serum samples were frozen immediately at −80°C until
assay at the end of the study.
Colorimetric enzymatic method was used to determine FBS
and lipid profile. Low density lipoprotein cholesterol (LDL)
concentration was determined by the Friedewald formula [19].
ELISA method was employed to determine Insulin level, PYY,
GLP-1, hs-CRP, IL-6. Insulin resistance was calculated by below
formula:
HOMA-IR = [FBS × Insulin]/405

Intervention
Participants were randomly allocated in 2 groups using a
stratified randomization procedure with matched subjects in
each group based on BMI. Each group consisted of 23 patients.
Every person in each group received a diet in order to his/her
ideal body weight that was 500 kcal lower than actual energy
need. So that we calculated an ideal body weights by multiply
the height in a normal BMI and then, calculated energy
requirement in order to Harris-Benedict formula based on the
ideal body weight for each person. Then, we subtracted 500
calorie of it for weight reduction. Since each 1 kg weight
reduction needs to reduction of 7000 Kcal intake, we
considered a reduction of 500 Kcal in daily energy intake to
achieve to almost 2 kg weight reduction in each month,
through proper adherence to the diet. Furthermore, since all
of our participant had FBS more than 100 mg/dl, we
considered carbohydrate distribution (i.e., 15% for breakfast,
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12.5% for before noon snack, 25% for lunch, 12.5% for
afternoon snack, 25% for dinner, 10% for before bedtime
snack) in their diet. Since all of the participants were patient
with metabolic syndrome and were overweight or obese, we
gave the weight loss diet to all of them, regardless of being in
intervention or placebo group, not only for eliminating the
effects of calorie intake as a confounding factor, but also for
the ethical consideration. All of the diets were designed by a
trained nutritionist. Over 12 weeks, the symbiotic group
(intervention) and control group (placebo) consumed 2
synbiotic or placebo capsules, after breakfast and dinner,
respectively. All participants were instructed to maintain their
usual physical activity and to avoid consuming any pre/
probiotic product. Monitoring for compliance was carried out
once per week through phone interviews and periodical visits
in the diet therapy clinic of SBMU. Both types of capsules were
white, 250 mg made by Probiotics International Limited based
in Somerset, United Kingdom. Each synbiotic capsule consisted
of Lactobacillus casei, Lactobacillus rhamnosus, Streptococcus
thermophilus, Bifidobacteriumbreve, Lactobacillus acidophilus,
Bifidobacteriumlongum,
Lactobacillus
bulgaricus,
FOS
(Fructooligosaccharide - Prebiotic), Magnesium stearate
(source: mineral and vegetable), Vegetable capsule
(hydroxypropyl methyl cellulose) TVC: 2×10 8 CFU, for all of the
bacteria. The amount of FOS was 125 mg in each capsule. The
placebo contained maltodextrine. Both synbiotic and placebo
were packed in identical capsules and coded by the producer
to guarantee blinding. So, neither the patients nor the
investigators were aware of treatment assignments. Moreover,
the statistical councilor was not aware of treatment in this
triple blind trial.

Statistical analysis
The statistical tests were conducted using SPSS (version
11.5; SPSS, Inc., Chicago, IL, USA). The normality of the
distribution of variables was determined by the KolmogorovSmirnov test. Chi-square test was used to qualitative
comparisons. Student t-test was used to comparison between
groups. Paired t-test was used to comparison within each

group for those variables that were measured only in the
beginning and at the end of the study. Multiple comparisons
were conducted by the analysis of variance for repeated
measurement and Bonferroni post hoc test for those variables
that were measured in 3 interval times. P ≤ 0.05 was
considered as statistically significant.

Results
From a total of 46 participants, 6 patients were excluded
from the study for the reasons including traveling (1 patient),
emergency surgery (1 patient), irregular consumption of
capsules (2 patients) or not return on specified time (2
patients). So, 40 patients (20 patients in each group)
completed the study. The mean value and standard error of
age for the synbiotic and placebo groups was 57.1 ± 1.5 years
and 60.8 ± 1.6 years, respectively, that was not statistically
significant between two groups. The Chi-square test showed
that there were 6 (26.09%) males and 17 (73.91%) females in
synbiotic group and 7 (30.4%) males and 16 (69.6%) females in
placebo group without any significant difference between two
groups. The percent of probiotic product consumers did not
have any significant difference between two groups (15% in
synbiotic, 10% in placebo). Two groups did not have any
significant differences in the other baseline characteristics
including physical activity and current medications (drugs to
reduce glucose, lipid and blood pressure). Furthermore, two
groups did not have any differences in macronutrients intake
(data are not shown).
Table 1 shows that weight; BMI and calorie intake had a
similar distribution between two groups in the beginning of
the study, based on independent T-test. Analysis for repeated
measurement showed a significant reduction in weight, BMI
and calorie intake at week 6 and 12 compared with beginning
of the study in both groups (P<0.001). Moreover, there was a
significant reduction in weight and BMI between week 6 and
week 12, only in synbiotic group (P<0.001). The mean changes
of weight and BMI in synbiotic group was significantly more
than in control group (P<0.001).

Table 1 Anthropometric measurement and calorie intake before, during and at the end of the study (Mean value ± Standard
Error) and mean changes from baseline by treatment group.
Variables

Time

Synbiotic group

Placebo group

In the beginning

81.3 ± 3

84 ± 3

At week 6

79.3 ± 3 a

82.4 ± 3 a

At week 12

77.7 ± 3a,b

82.2 ± 3 a

Mean changec

-3.56 ± 0.4

-1.83 ± 0.3

In the beginning

32 ± 1

32.7 ± 1

At week 6

31.2 ± 1 a

32.1 ± 1 a

At week 12

30.6 ± 1a,b

32 ± 1 a

Mean changec

-1.39 ± 0.1

-0.72 ± 0.1

In the beginning

2558.1 ± 117.5

2590.9 ± 89.2

Weight(Kg)

BMI(Kg/m2)

Calorie intake (Kcal/day)
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a

2227.1 ± 76.8a

2238.9 ± 96.5a

At week 12

2112.7 ± 58.6a

2052.7 ± 63a

Mean change

-445.4 ± 31.3

-538.2 ± 32.6

significant difference from the beginning of the study (p<0.001)

b significant
c

At week 6

difference between week 6 and week 12 (p<0.001)

significant difference between two groups (p<0.001)

Table 2 shows the mean value and standard error for
metabolic, hormonal and inflammatory biomarkers in the
beginning and at the end of the study. In the beginning of the
study, all of these variables showed a similar distribution
between two groups according to independent T-test. At the
end of the study, FBS in synbiotic group was significantly lower
than placebo group (P<0.05). The mean difference of FBS,
insulin and HOMA-IR showed a significant difference between
two groups according to T-test, such that the mean changes in
symbiotic group was significantly more than in control group
(P<0.001). Furthermore, FBS, Insulin and HOMA-IR decreased
significantly at the end of the study comparing with the
beginning of it, in synbiotic group (P<0.05). There was a
significant difference for GLP-1 between two groups at the end
of the study. The mean difference of GLP-1 also showed a
significant difference between two groups according to T-test
and it was significantly more in synbiotic than in control
(P<0.001). Moreover, according to paired t-test, GLP-1 and PYY
concentration increased significantly at the end of the study
comparing with the beginning of it, only in synbiotic group
(P≤0.05). IL-6 and hs-CRP decreased in both groups at the end
of study, but it was not significant.
Table 2 Metabolic, hormonal and inflammatory biomarkers
before and at the end of the study (Mean value ± Standard
Error) and mean changes from baseline by treatment group.
Variables

Fasting
blood
sugar(mg/dl)

Triglyceride(mg/dl
)

Cholesterol(mg/dl)

HDL(mg/dl)

LDL(mg/dl)

4

Insulin(µIU/ml)

HOMA-IR

PYY(pg/ml)

GLP-1(ng/ml)

At week 12

120.2 ± 9

133.8 ± 9

Mean change

-8.05 ± 8.5

0.45 ± 10.6

In the beginning

23.7 ± 2

18.8 ± 2

At week 12

16.3 ± 1 a

18.1 ± 2

Mean changeb

-7.44 ± 1.8

-0.70 ± 1.1

In the beginning

8.5 ± 0.7

7 ± 0.6

At week 12

5.5 ± 0.5 a

7.6 ± 1.1

Mean changeb

-3.01 ± 0.6

0.59 ± 0.9

In the beginning

38 ± 3

35.6 ± 4

At week 12

69 ± 14 a

57.2 ± 11

Mean change

30.96
14.9

In the beginning

8.1 ± 1

5.9 ± 0.7

At week 12

10.2 ± 1 a

6.3 ± 0.7

2.10 ± 0.7

0.39 ± 0.3

In the beginning

3179 ± 733

4025 ± 899

At week 12

2741 ± 543

3614 ± 800

Mean change

-437.85
283.4

-411.4
640.4

In the beginning

4.4 ± 0.2

4.2 ± 0.2

At week 12

4.1 ± 0.1

4.1 ± 0.1

Mean change

-0.30 ± 0.2

-0.07 ± 0.2

Mean

Hs-CRP(ng/ml)

Time

Synbiotic
group

Placebo
group

In the beginning

146.6 ± 7

154.3 ± 9

At week 12

135 ± 7 a

167.3 ± 9

a

Mean changeb

-11.65 ± 5.4

13 ± 8.4

b significant

In the beginning

176.2 ± 18

155.9 ± 10

At week 12

179 ± 17

172.7 ± 12

Mean change

3.10 ± 11.2

16.85 ± 9.6

In the beginning

197.5 ± 8

199.5 ± 8

At week 12

193 ± 9

200.1 ± 8

Mean change

-4.60 ± 8.1

0.6 ± 8.9

In the beginning

35.9 ± 1

35.8 ± 1

At week 12

35 ± 1

34.6 ± 1

Mean change

-0.96 ± 1.8

-1.24 ± 1.2

In the beginning

128.3 ± 8

133.3 ± 8

IL-6(pg/ml)

changeb

±

±

21.61 ± 12.9

±

significant difference from the beginning of the study (p≤0.05)
difference between two groups (p<0.001)

Discussion
The present study showed that synbiotic supplementation
plus a weight loss diet in patients with metabolic syndrome
decreases weight, BMI, FBS, insulin concentration, HOMA-IR,
and increasesGLP-1 and PYY level, significantly. We also found
that synbiotic supplementation plus a weight loss diet may
delay plateau phase of weight loss comparing to a weight loss
diet alone.
In our study, we found a significant weight loss in both
groups. Although weight and BMI decreased in both groups
after 12 weeks, the amount of decrease in synbiotic group was
significantly more than in placebo group. Our findings are

This article is available from: http://www.imedpub.com/endocrinology-metabolism-open-access/

Endocrinology and Metabolism: Open Access

2017
Vol.1 No.2:6

relatively consistent with Sanchez et al. [20] and Tripolt et al.
[21] that showed a significant weight loss in both groups,
however, the mean change of weight loss between two groups
was not significant. Lee et al. also showed a significant weight
reduction in probiotic and placebo groups but non-significant
differences in metabolic markers [22]. Our findings are partly
similar to Zarrati et al. suggested that the weight-loss diet plus
a probiotic yogurt had more synergistic effects on fat
percentage and body weight among overweight and obese
individuals compared with the weight-loss diet without the
probiotic yogurt [23,24]. As we mentioned in the method
section, both groups received a calorie restricted diet
according to their ideal body weight. So, the observed weight
loss in the both groups was not unexpected. One of the
interesting point of our study was the difference in the weight
loss trend between the synbiotic group and the placebo group;
Such that the trend of losing weight in synbiotic group
continued until the week 12, while it was stopped after week 6
in placebo group. We suggest that synbiotic supplementation
plus a weight loss diet compare with a weight loss diet alone,
may postpone plateau phase of weight loss that usually occurs
few weeks after a weight loss diet, although duration of our
study was not so long to conclude it certainly. By the way, we
may suggest that weight maintenance is more probable after
consumption of synbiotic comparing to not consumption of it.
We may conclude that synbiotic supplement may relatively
eliminate resistance to weight loss, at least for 12 weeks. It
may be for the reason of decrease in appetite of patients,
following increase in GLP-1 and PYY level as anorexigenic
neurotransmitters [25]. Furthermore, we found that synbiotic
consumption increases GLP-1 and PYY level in patients with
metabolic syndrome, significantly. Although GLP-1 increased in
both groups after 12 weeks, the amount of increase in
synbiotic group was significantly more than in placebo group.
As mentioned above, increase in GLP-1 secretion as an
anorexigenic neurotransmitter may lead to increase in feeling
of satiety and it in hence, may cause to weight loss, although
we did not measure self-reported feeling of satiety in our
participants. For further confirmation it would be beneficial to
evaluate self-reported feelings of satiety before and after
synbiotic supplementation in future studies.
Some authors suggest that increase in GLP-1 secretion after
probiotic consumption, is associated with the increase in
production of butyrate [26]. The exact mechanisms to explain
the increase in GLP-1 secretion by probiotic bacteria are still
matter of debate.
Our study also showed that when a weight loss diet be
accompanied with the synbiotic supplementation, the amount
of decrease in FBS, insulin and HOMA-IR will be significantly
more than when a weight loss diet is used alone. In order to
results of a meta-analysis including 26 randomized controlled
trials conducted between January 2000 and September 2013,
involving 831 participants, prebiotic supplementation was
associated with reduction in postprandial glucose (- 0.76, 95%
CI – 1.41, - 0.12) and insulin concentrations (- 0.77, 95% CI –
1.50, - 0.04). Probiotic bacteria can influence blood glucose
and insulin level through different mechanisms including
decrease in glucose absorption, consumption of glucose as
© Copyright iMedPub

their primary source of energy, decrease in adiposity, changing
the gut permeability, reduction in inflammatory signaling and
up-regulation of expression of proglucagons. Furthermore,
consumption of probiotics might affect the signaling pathway
of insulin secretion. It also may improve insulin resistant due
to increase in hepatic natural killer T cells and reduction in the
inflammatory response [27-30]. So, the beneficial effects of
probiotic bacteria on insulin concentration might be mediated
through their effects on a surrogate measure of inflammation
named high-sensitivity C-reactive protein [27]. There are some
reports that have shown that insulin resistance and increased
CRP concentrations are significantly associated with several
cardiovascular risk factors, such as hypertension, dyslipidemia
and overweight which are of determinants of metabolic
syndrome [14]. According to the Third National Health and
Nutrition Examination survey, the prevalence of elevated CRP
levels (i.e., CRP concentrations ≥ 0.22 mg/dl) is higher in
overweight and obese patients than in normal weight subjects
[31]. Some authors have suggested that the association
between CRP and BMI may be mediated by cytokines, such as
IL-6 and TNF-α, which are expressed in adipose tissue [32] and
are of the main regulators of CRP production in the liver
[33,34]. On the other hand, Nestel et al. has proposed that
inhibition of proinflammatory cytokines would prevent insulin
resistance [35,36]. The effects of probiotics on insulin
resistance can also be explained through reduction in hsCRP
and inflammation [37]. We found a reduction in hs-CRP level
after synbiotic supplementation; although it was not
statistically significant. We should note that hs-CRP level in all
our participants were in the high risk category (i.e. ≥ 3 mg/l).
At the end of the study, its' level remained in high risk category
in placebo group, but it shifted to moderate risk category in
synbiotic group (i.e. 1-3 mg/l). So, we concluded that although
synbiotic supplementation did not have any statistical
significant effect on hs- CRP level, it may have a beneficial
clinical significance in inflammation reduction. We also found a
reduction in IL-6 after 12 weeks in the synbiotic group,
although, it was not statistically significant. It may be for the
reason of small sample size or relatively short duration of the
study. It is also important to know that short chain fatty acids
(SCFAs) as products of probiotic bacteria fermentation, have
anti-inflammatory function, probably due to making a balance
between induction of anti-inflammatory cytokines and
suppression of pro-inflammatory mediators, such as TNF-α
and IL-6 [38].
Some investigations in both animal and human models have
shown that SCFAs have been linked to increase in GLP-1
secretion [39]. Moreover, butyrate as a SCFA seems to play an
important role in the prevention of metabolic disorders such
as obesity and diabetes [26,40]. Gao et al. have shown that
adding butyrate to the high-fat diet increased insulin
sensitivity and reduced obesity in C57BL/6 mice [39].
According to a metagenomic study, butyrate-producing
bacteria abundance in obese subjects is lower than in lean
subjects [41]. Although, we could not show these mechanisms
in our study, because we did not evaluate microflora before
and after synbiotic supplementation.
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On the other hand, some authors have suggested that SCFAs
produced by probiotic bacteria fermentation can cause a
decrease in the systemic levels of blood lipids [42]. Probiotic
bacteria can assimilate cholesterol directly from the
gastrointestinal tract. They have also been shown to
deconjugate bile salts and hence have an effect on absorption
of cholesterol [43]. In addition to butyrate, fermentation by
probiotic bacteria produced acetate and propionate which are
passed into the liver and enter the metabolic pathways [44].
Moreover, probiotics have the ability of competition with
cholesterol for intestinal absorption. So, they might reduce
serum cholesterol levels in this way [45]. We showed a
reduction in TG level in both groups, however it was not
significant. The cholesterol serum level, HDL and LDL also
remained unchanged during the study. It was consistent with
Mazloom et al. findings which showed none significant
difference in serum TG concentration, total cholesterol, HDL-C
and LDL-C levels between placebo and treatment groups [46].
There are also the other studies that did not show any effect
of probiotic consumption on lipid profile [47]. For example,
Chang et al. showed none significant change on lipid profile in
healthy people using 300 ml prebiotic yogurt for 8 weeks
[48,49]. Moreover, Hemalatha et al. in a study from their lab
showed that only probiotics containing bile salt hydrolase
(BSH) gene can reduce cholesterol [50]. These controversial
findings may be attributable to different strains of probiotics,
dosage or duration of treatment in different studies. We
should also mention that the cholesterol level of our patients
was within the normal range at the beginning of the study.
Therefore, we may conclude that synbiotic supplementation
does not any effect on cholesterol level of
normocholestrolemic patients.
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