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Effects of Synbiotic Food Consumption on Serum Minerals, Liver
Enzymes, and Blood Pressure in Patients with Type 2 Diabetes:
A Double-blind Randomized Cross-over Controlled Clinical Trial

Abstract

Background: This research was to examine the effects of synbiotic intake on minerals, liver
enzymes, and blood pressure in patients with type 2 diabetes (T2D). Methods: This randomized,
cross-over clinical trial was performed among 62 diabetic patients. Persons were randomly assigned
to intake either a synbiotic (n = 62) or a control food (n = 62) for 6 weeks. A 3-week washout
period was applied following which persons were crossed over to the alternate intervention
arm for an additional 6 weeks. The synbiotic was consisted of Lactobacillus sporogenes
(1 x 10" CFU), 0.04 g inulin (HPX) as prebiotic. Persons were asked to consume the synbiotic
and control foods 27 g a day. Blood pressure was measured, and blood samples were taken at
baseline and after 6-week intervention to assess calcium, magnesium, iron, alkaline phosphatase,
aspartate aminotransferase, alanine aminotransferase, and total bilirubin. Results: The consumption
of a synbiotic food, compared to the control food, resulted in a significant rise of calcium
(0.66 vs. —0.14 mg/dL, P = 0.03) and iron (5.06 vs. =9.98 mg/dL, P = 0.03). The decrease of total
bilirubin (0.08 vs. —=0.04 mg/dL; P = 0.009) was also seen in the synbiotic group compared with the
control group. Conclusions: Overall, synbiotic in T2D patients had beneficial effects on calcium,

iron, and total bilirubin concentrations.
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Introduction

Metabolic complications in patients with
type 2 diabetes (T2D) are associated with
changes in serum minerals.? Insulin
resistance in patients with T2D is also
established as factor of elevated levels of
liver enzymes, hypertension, dyslipidemia,
and atherosclerotic cardiovascular
diseases.*¥ Increased activities of liver
enzymes including alkaline phosphatase
(ALP), aspartate aminotransferase (AST),
and alanine aminotransferase (ALT) are
considered as early surrogate markers
of nonalcoholic fatty liver disease.>®
Earlier studies reported that the elevated
values of these enzymes are related to
metabolic syndrome and cardiovascular
disease.®!  Furthermore, high  blood
pressure is associated with thrombosis in
vessels,” heart failure, aortic aneurysms,
and atherosclerosis.!”

Various strategies for the management
of diabetes complications have been
suggested including the use of fortified
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food supplements,!''?)  supplementation
of micronutrients!’*! as well as physical
activity and weight loss,'"* consumption of
various medications, including rosiglitazone
and metformin® and incretin-based
therapies.' Recently, few trials have
documented that intake of synbiotics might
result in increased mineral absorption,
metabolism, and bone composition,!'”
as well as decreased activities of liver

enzymes'® and might help controlling
blood pressure in animal models and
nondiabetic  patients.'””  Synbiotics are

nutritional supplements that are composed
of probiotics and prebiotics.*” Pro- and
pre-biotics might result in decreased activity
of liver enzymes through the maintenance
of colonization resistance!! and stimulating
growth of beneficial probiotic bacteria
in the gut.?? Furthermore, released
bioactive peptides®! and changes in the
gut microbiota composition by pro- and
pre-biotics?* may lead to the beneficial
effects on blood pressure.
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The objective of our study was to determine the effects of
synbiotic intake on minerals, liver enzymes (ALP, AST,
and ALT), and blood pressure in Iranian patients with T2D.

Methods
Participants

This randomized, cross-over clinical trial was carried out in
Kashan, Iran, from July 2011 to January 2012. On the basis
of sample size formula suggested for randomized clinical
trials,” we considered the Type I error of 5% (o = 0.05)
and Type II error of 20% (B = 0.2; power = 80%) and
plasma calcium levels as a key variable, and we reached
the sample size of 31 persons for each group. Diagnosis
of T2D was done based on the criteria of the American
Diabetes Association.?® Persons were not included
pregnant, using insulin or vitamin supplements, chronic or
acute inflammatory disease, and allergies, using probiotic,
antibiotics, or glucocorticoids during 8 weeks before
intervention. The Ethical Committee of Kashan University
of Medical Sciences approved the study and informed
written consent was obtained from all persons.

Study design

Persons were asked to record their dietary intakes for
3 dayS. At the end of run-in period, patients were matched
one-by-one according to age, body mass index (BMI),
gender, and the dosage and kind of medications. A 3-week
washout period was applied following which persons
were crossed over to the alternate intervention arm for
an additional 6 weeks. A trained nutritionist at diabetes
clinic did the randomized allocation sequence and assigned
participants to the groups. Compliance with the consumption
of foods was monitored through phone interviews. The
dietary records were based on 3-day food diaries in each
phase; we used Nutritionist IV software (First Databank,
San Bruno, CA, USA) modified for Iranian foods. Physical
activity was described as metabolic equivalents in hours
per day.?”!

Synbiotic and control foods

The synbiotic food (Sekkeh Gaz Company, Isfahan, Iran)
consisted of Lactobacillus sporogenes (1 x 107 CFU),
0.04 g inulin (HPX) with 0.38 g isomalt, 0.36 g sorbitol,
and 0.05 g stevia as sweetener per 1 g. Persons were
requested to take the synbiotic and control foods three times
a day in a 9 g package. Due to existence of limited data
about the appropriate dosage of L. sporogenes and inulin
for patients with T2DM, we used the above-mentioned
dosage of L. sporogenes and inulin based on a previous
study in pregnant women.?®

Assessment of variables

Anthropometric measurements (Seca, Hamburg, Germany)
were assessed at baseline and after the 6-week trial. Fasting
blood samples (10 mL) were taken at baseline and after a
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6-week trial at Kashan reference laboratory. Serum samples
were analyzed to determine calcium, magnesium, iron,
ALP, AST, ALT, and total bilirubin values. Serum calcium,
magnesium, iron, ALP, AST, ALT, and total bilirubin
values were assayed using mentioned kits (Pars Azmun
Inc., Tehran, Iran). All inter- and intra-assay coefficient of
variations mentioned markers were <5%.

Statistical analysis

To ensure the normal distribution of variables, Histogram
and Kolmogorov—Smirnov test were applied. For
nonnormally distributed variables, log-transformation was
applied. Descriptive statistics (means, standard error of
the means, and range) for general characteristics of the
study participants were reported. Data on dietary intakes
were compared by paired #-test. For each dependent
variable, we computed the changes from baseline by
subsidizing the baseline value from the end-of-trial
value. With-in and between-group changes in dependent
variables were compared by the use of paired samples
t-test. We also assessed if the carryover and treatment
effects were significant. The carryover effect was tested
for by computing the average of the two treatments and
comparing the two treatment orders using #-test. As we
found no evidence of a carryover effect, the participants
with the two different orders were combined, and the
treatment effect was tested for using the paired #-test since
each patient had each treatment. P < 0.05 was considered
as statistically significant. All statistical analyses were done
using the Statistical Package for Social Science version 17
(SPSS Inc., Chicago, Illinois, USA).

Results

At baseline, we recruited 85 patients; however, 15 subjects
were excluded from the study because of not living in
Kashan (n = 10) and not meeting inclusion criteria (n = 5).
Then, 70 patients with T2D aged 35-70 years were
randomly allocated to intake either a synbiotic (n = 35) or
a control food (n = 35) for 6 weeks. Among individuals in
the synbiotic and control groups, 4 persons were excluded
from the study. We found no significant alterations
in weight and BMI at study baseline as well as after
intervention between individuals consumed synbiotic food
and those in the control groups [Table 1].

No statistically significant difference was observed between
the two groups in terms of dietary intakes of energy,
calcium, magnesium, zinc, iron, and phosphorus [Table 2].
Within-group differences in dietary intakes were also not
significant.

Intake of synbiotic food did not significantly affect
fasting plasma glucose levels compared with control food
(P = 0.11). Consumption of synbiotic food, compared
to the control food, resulted in a significant increase
in calcium (0.66 vs. —0.14 mg/dL, P = 0.03) and iron
(5.06 vs. —9.98 mg/dL, P = 0.03) [Table 3]. Decreased
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values of total bilirubin (0.08 vs. —0.04 mg/dL; P = 0.009)
were seen after synbiotic intake compared with the
control. We did see no significant effect of synbiotic
food intake on magnesium, ALP, AST, and ALT values.
Despite a significant within-group reduction of systolic
blood pressure (SBP) (—6.69; P < 0.0001, —4.62 mmHg;
P = 0.002, respectively) and diastolic blood pressure
(DBPs) (—4.77, P < 0.0001, —3.52 mmHg; P = 0.01,
respectively), by synbiotic and control foods consumption,
the between-group differences were not significant.

Table 1: General characteristics of the study

participants®

Control Synbiotic P*

(n=62) food (n=62)
Weight at study baseline (kg) 75.8£11.9 74.8£11.5  0.63
Weight at end-of-trial (kg) 75.7+12.1 74.7£11.7  0.62
Change —0.1£1.6 —0.1£2.5 0.97
BMI at study baseline (kg/m?)  30.1£5.1 29.7+4.6 0.56
BMI at end-of-trial (kg/m?) 30.1+£5.2 29.6+4.6 0.55
Change —0.03+0.63  —0.1+1.01  0.93

“Data are means+SD, *Between-group changes by paired #-test.
SD=Standard deviation, BMI=Body mass index

Table 2: Dietary intakes of study participants at run-in
period and throughout the study®*
Throughout the study

Control Synbiotic P®

(n=62) food (n=62)
Energy (kcal/day) 22054293 22374215 0.59
Carbohydrate (g/day) 272454 271450 0.92
Protein (g/day) 73+£12 74£10 0.64
Calcium (mg/day) 933.6+206.6 1016.6+£249.0 0.12
Magnesium (mg/day) 262.6+85.8 277.8+68.6 0.41
Zinc (mg/day) 8.94+2.6 9.1£1.9 0.65
Iron (mg/day) 14.6+4.6 14.242.4 0.65
Phosphorus (mg/day) 1043.5+244.6  1079.5+241.9 0.53

AData are means+SD, *Obtained from independent ¢-test. SD=Standard
deviation

Discussion

This cross-over clinical trials revealed that the consumption
of a synbiotic food for 6 weeks among patients with T2D
resulted in a significant increase in serum calcium and iron
concentrations and decreased total bilirubin levels. We did
not find any significant effect of synbiotic food intake on
serum magnesium, ALP, AST, and ALT levels as well as
on SBP and DBP. Patients with T2D are very susceptible
to abnormal serum minerals, increased activity of liver
enzymes, and clevated blood pressure. Elevated activity
of liver enzymes and high blood pressure among patients
with T2D would result in several disorders, including the
development of insulin resistance, vascular diseases, and
stroke. 230!

The current study showed that synbiotic food intake
significantly increased serum calcium and iron levels
after 6 weeks among patients with T2D, but it did not
affect serum magnesium concentrations. Earlier studies
have reported beneficial effects of synbiotics, pro-, and
pre-biotics on serum minerals. The majority of these
studies were performed in animal models. The findings of
our study were concurrent with several studies in animal
studies. In a study by Naughton et al.*> consumption of
synbiotics containing Lactobacillus GG, Bifidobacterium
lactis (Bb12), and oligofructose-enriched inulin for
21 days resulted in the increased levels of plasma calcium
in aged rats. A significant increase of serum calcium
levels with consumption of a probiotic preparation
was also seen in broiler chickens.®"! Similar findings
were also reported after consumption of Enterococcus
faecium M74 preparation (2 x 10° CFU/g) in broiler
chickens.’? Furthermore, the effect of inulin ingestion on
mineral absorption have been investigated in both growing
and adult animals®' and in humans.’¥ Few studies have
shown no significant effect,®> whereas few found that
intake of inulin induced the absorption of calcium®¢*37 or
magnesium.?® Ingestion of 40 g/d of inulin has also led
to increased calcium absorption among young men.B%

Table 3: Meanststandard deviation of serum minerals, liver enzymes and blood pressure at baseline and after the

intervention
Control (n=62) Synbiotic food (n=62) P
Baseline 6" week Change* pP® Baseline 6" week Change* P®
Calcium (mg/dL) 9.44x1.67 9.30+1.01  —0.14£1.91 0.56  8.96+2.01 9.62+0.86  0.66+2.04 0.01 0.03
Magnesium (mg/dL) 2.05+0.43 2.08+0.4 0.03+0.64 0.72 1.93+0.53 2.06+0.44 0.13+0.62 0.09 0.36
Iron (mg/dL) 87.83+42.46  77.85442.8 —9.98440.11 0.05 76.69+43.27 81.75£35.79 5.06+31.68  0.21 0.03
ALP (mg/dL) 174.79+£72.96 175.88+62.51 1.09+£59.28 0.88 161.62+66.83 180.56+£59.96 18.94+55.50 0.009  0.10
AST (mg/dL) 19.38+12.45 23.74+11.60  4.36+9.53 0.001 23.80+11.71 28.09+11.51 4.29+12.17  0.007 0.97
ALT (mg/dL) 24.27+10.16  27.61+£12.64  3.34£9.39  0.007 16.74+10.04 25.56+23.31 8.82+22.54 0.003  0.11
Bilirubin (mg/dL) 0.68+0.39 0.76x0.42 0.08+0.32  0.04  0.68+0.43 0.64+0.38  —0.04+0.17  0.05  0.009
SBP (mmHg) 138.0£17.0 133.4£15.8 —-4.6+11.1 0.002 139.0+18.1 132.3+15.1 —6.7£13.4 <0.0001 0.35
DBP (mmHg) 85.7+11.8 82.2+12.1 -3.5+10.9 0.0l 85.7+12.2 80.9+11.1 —4.848.8  <0.0001 0.46

*Calculated by subsidizing values at 6™ week from values at baseline, *With-in group changes by paired #-test, ‘Between-group changes by
paired ¢-test. ALP=Alkaline phosphatase, AST=Aspartate aminotransferase, ALT=Alanine aminotransferase, DBP=Diastolic blood pressure,

SBP=Systolic blood pressure
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Several mechanisms might explain the favorable effects
of synbiotics on increased levels of serum calcium and
iron. Consumption of synbiotic might result in absorption
of calcium and iron. In addition, the production of
short-chain fatty acid (SCFA) by probiotics might improve
the bioavailability of these trace elements.*) Furthermore,
fermentation of inulin in the gut can increase the SCFA
production.! Increases in SCFA production have been
associated with increased absorption of calcium and iron.

Our findings indicated that taking synbiotic in persons
with T2D decreased total bilirubin levels, but it did not
affect serum ALP, AST, and ALT levels. In a study by
Kirpich et al.* supplementation with Bifidobacterium
bifidum (0.9 x 10® CFU/g) and Lactobacillus plantarum
8PA3 (0.9 x 10° CFU/g) for 6 weeks was associated
with a significant reduction in serum total bilirubin,
ALT, AST, GGT, and lactate dehydrogenase levels in
human alcohol-induced liver injury. Treatment with
fructooligosaccharides was also resulted in a decreased
ALT activity compared to controls in rats.[*! However, no
significant effects of probiotics (Ecologic 641, containing
four Lactobacillus and two Bifidobacillus strains) were
observed on serum bilirubin, ALP, ALT, AST, GGT,
prothrombin, albumin, or bile salts in primary sclerosing
cholangitis patients for 3 months.*!  Furthermore,
consumption of E. faecium M74 (2 x 10° CFU) in
experimental chickens led to a significant rise in serum
bilirubin levels after 42 days.’? The exact mechanisms by
which synbiotics might affect total bilirubin concentrations
are unknown. Earlier studies have suggested the
probiotic-inflammation relationship. Segawa et al.*! found
the inhibition of TNF-a by Lactobacillus brevis. Biological
membranes* and decreased insulin sensitivity™”! and/or
promoting pro-inflammatory cytokines*®) might mediate the
effects on serum bilirubin levels.

We did not find any significant effect of the synbiotic
food consumption on blood pressure among patients with
T2D. In consistent with our findings, no significant effects
on blood pressure (systolic and diastolic) were seen with
supplementation of Lactobacillus salivarius Ls-33 (10 CFU)
among obese adolescents after 12 weeks.¥! Consumption
of milk fermented with Lactobacillus helveticus resulted in
a significant decrease in SBP and a nonsignificant decrease
in DBP compared with placebo among patients with mild
hypertension after 4 weeks.*! Furthermore, long-chain
inulin, oligofructose, or an oligofructose-enriched inulin
did not affect the SBP for 15 weeks.®”! However, several
other studies have reported the decrease of blood pressure
through probiotics.**! Supplementation with long-chain
inulin and oligofructose-enriched inulin  prevented
fructose-induced elevated blood pressure in rats after
4 weeks.P? The different findings of our study with other
studies may be due to the choice, dosage of bacterial strain
and inulin, different participants of the study as well as the
intervention time.

4

Few limitations should be considered in our study. Duration
of intervention was just 6 weeks. Long-term trials might
reach much more beneficial effects on dependent variables.
In addition, further studies are recommended to assess
the effects of synbotics supplementation on the expressed
levels of related variables to liver enzymes to explore the
plausible mechanism and confirm our findings. In this
trial, due to funding limitations, we did not characterize
the microbiota and thus cannot establish whether taking
synbiotic over 6 weeks changed its composition. However,
it would be prudent to do this in future studies with a
higher CFU treatment of the chosen probiotics product
formulation.

Conclusions

Overall, synbiotic intake in T2D patients had beneficial
effects on serum calcium, iron, and total bilirubin
concentrations after 6 weeks; however, it did not affect
serum magnesium concentrations, liver enzymes, and blood
pressure.
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