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Abstract

BACKGROUND: The objective of this clinical trial was to assess the effects of probiotic soy milk and
soy milk on anthropometric measures and blood pressure (BP) in type 2 diabetic (T2D) patients.

METHODS: A total of 40 patients with T2D, 35-68 years old, were assigned to two groups in this
randomized, double-blind, controlled clinical trial. The patients in the intervention group
consumed 200 ml/day of probiotic soy milk containing Lactobacillus planetarium A7 and those
in control group consumed 200 ml/day of soy milk for 8 weeks. Anthropometric and BP
measurements were performed according to standard protocols. For detecting within-group
differences paired-sample t-tests was used and analysis of covariance was used for determining
any differences between two groups. (The trial has been registered in the Iranian Registry of
Clinical Trials, identifier: IRCT: IRCT201405265062N8).

RESULTS: In this study, we failed to find any significant changes between probiotic soy milk and
soy milk in term of body mass index (26.65 + 0.68 vs. 26.33 + 0.74, P = 0.300) and waist to hip
ratio (1.49 + 0.08 vs. 1.54 + 0.1, P = 0.170). Although soy milk did not have any effect on BP,
probiotic soymilk significantly decreased systolic (14.7 + 0.48 vs. 13.05 + 0.16, P = 0.001) and
diastolic BP (10 + 0.7 vs. 9.1 + 1, P = 0.031).

CONCLUSION: In our study, probiotic soy milk in comparing with soy milk did not have any

beneficial effects on anthropometric measures in these patients. We need more clinical trial for
confirming the effect of probiotic foods on anthropometric measure in diabetic patients.

However, probiotic soy milk decreased systolic and diastolic BP significantly.
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Introduction

The proportion of individuals with obesity and type 2
diabetes (T2D) has increased rapidly in worldwide.!
Moderate weight reduction in obese patients with
T2D causes a decrease in insulin resistance, glycemic
parameters, and diabetic complications.? Thus, anti-
obesity agents may be useful as treatment for obese
patients with diabetes.

Recent research has documented a significant
impact of gut microbiota on body weight.? Intestinal
microbiota has been suggested to impact energy
balance in animals and humans* by contributing to

energy metabolism from components of the diet and
playing a role in energy storing and expending.*
Probiotics are of interest because it is shown that can
alter the composition of the gut bacterial community
and differentiate food intake and appetite.%” Dietary
non-digestible carbohydrates can be fermented by
probiotics and resulting in the production of short-
chain fatty acids (SCFAs) such as acetate, propionate
and butyrate. SCFAs play a role in energy metabolism
and adipose tissue expansion.”

In human and animal studies co-administration
of probiotics with other interventions like herbal
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drugs or weight reduction diet could reduce
anthropometric measures,®!! and to our knowledge
no reports are available indicating the effects of
probiotic supplements alone especially this strain of
probiotics. Furthermore, previous studies have
mostly been done in animal models and limited data
of the effects on humans are available.

Obesity and insulin resistance increase blood
pressure (BP) in diabetic patients. Previous human
studies have found some beneficial effects of
Lactobacillus species in reducing BP in patients with
hypertension.!? Scientists believe that probiotics can
reduce BP by decrease in pro-inflammatory cytokines
and intestinal permeability so resulting in splanchnic
vasodilation and deceasing BP in patients with
hypertension.!> To our knowledge, there is not any
study about the effect of Lactobacillus planetarium A7
on BP among diabetic patients. New evidence
proposed probiotics can ferment soy phytoestrogen
and increase the amount of SCFA produced by
probiotics, therefore; soy foods are able to strengthen
the useful effect of these bacteria.'#!5> Hence in this
study, we fortified soy milk with L. planetarium A7
and assessed the effect of daily consumption of
probiotic soy milk on anthropometrics measure and
BP in patients with T2D.

Materials and Methods

This randomized double-blinded parallel-group
controlled clinical trial was carried out in Isfahan, Iran.
Subjects were recruited from Endocrine and
Metabolism Research Center, Isfahan University of
Medical Sciences, Isfahan, Iran, during their annual
health assessment. Our subjects were T2D patients
with fasting blood glucose = 126 mg/dl, blood sugar
(2 h postprandial sugar) = 200, aged from 25 to 65
years, and having diabetes for more than 1-year.
Subjects were excluded if they have a history of
inflammatory bowel disease, infection, liver disease,
rheumatoid arthritis, smoking, alcoholism, recent
antibiotic therapy, and daily intake of multivitamin and
mineral. Hach participant was assigned an order
number and was randomly assigned by permuted
blocks randomization of size two to one of two 8-
week intervention groups. The allocation sequence
was concealed from the researchers who enrolled and
assessed participants. Allocation concealment will be
ensured, as the service will not release the
randomization code until the end of trial, which takes
place after all baseline measurements have been
completed and outcomes were measured. The
conventional or probiotic soy milk were provided for
the participants every 3 days. Each day, the subjects

received, in a double-blinded fashion, probiotic
soymilk or soy milk to supplement their usual diet.
The probiotic soy milk and soy milk were identically
packed and coded by the producer to guarantee
blinding, The 8-weeks probiotic intervention consisted
200 ml soy milk/day. All subjects were included in a 2-
weeks run-in period during this time they had to stop
taking any probiotic food or probiotic supplements. A
total of 48 patients (22 males and 26 females) with
T2D and age range 35-68 years old were recruited into
the study they were randomly assigned to receive
either probiotic soy milk (n = 24, i.e., 12 males and 12
females) as intervention group or the soy milk (n = 24,
ie. 10 males and 14 females) as placebo group for 8
weeks. All subjects had to have stable dietary habit,
physical activity (PA), and medication during
intervention and consume milk instead of yogurt and
any other fermented dairy products. Compliance with
the soymilk and dairy product consumption was
monitored by the use of 24 h diet recall completed
every 2 weeks throughout the study. Information on
PA levels and micro and macronutrients intakes were
gathered at beginning of study and every 2 weeks
throughout the study by International PA
Questionnaires ¢ and a 24 h diet recall respectively.
Subjects who intended to change their dietary habits,
PA, body weight, and consume fermented product
except probiotic soymilk during the intervention
period were excluded from the study. The Ethical
Committee of Isfahan University of Medical Sciences
approved the study, and informed written consent was
taken from all participants. (The trial has been
registered in the Iranian Registry of Clinical Trials,
identifier: IRCT: IRCT201405265062N8 available at:
http:/ /www.irct.it).

The probiotic soy milks were enriched with L.
plantarum A7. Conventional soy milk and probiotic
soy milk were produced by Isfahan Soy Milk
Company every 3 days and distributed to the
participants. At the time of production and after 3
days refrigerating at 4 °C probiotic soy milks were
sampled and microbiologically analyzed every 2
weeks. We used MRS Broth (MRS agar: Merck,
Darmstadt, Germany and bile: Sigma—Aldrich, Inc.,
Reyde, USA) and pour plate method for counting L.
plantarum A7. Microbiological analyses of probiotic
soy milk approved the probiotic soymilk had that
the average colony counts of L. plantarum A7 on
day 1 and day 3 about 2 X 107 therefore; bacteria
indicated a steady survival rate in soy milk during 3
days storage time.

Weight was recorded by digital scale (Seca,
Germany) with an accuracy of 100 g and standing
height was recorded by non-stretchable tape (Seca,
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Germany) with an accuracy of 0.1 cm. Body mass
index (BMI) was obtained by dividing weight by the
square of height. Waist and hip circumference was
measured using a flexible measuring tape. Waist
circumference was measured at the midpoint
between the lower ribs and the iliac crest. Hip
citcumference was measured horizontal at the
largest circumference of the hip. BP was measured
using mercury sphygmomanometer after the
participants had been seated quietly for 5 min and
the right arm supported at heart level. A cuff
bladder encircling at least 80% of the arm was used
to ensure accuracy. Two readings were obtained
with a 1-min interval. A third BP was measured if
more than 5 mmHg difference in SBP between the
two readings was noted, and the mean of the two
closest was taken as the valid BP.17

To ensure the normal distribution of variables,
histogram and Kolmogrove—Smirnov test were
applied. For non-normally distributed variables,
log-transformation was applied. Means * standard
error of means for general characteristics of the
study participants were reported. Data on dietary
intakes were compared by paired t-test and
independent samples test. For comparing PA and
sex in two groups we used chi-square test and the

duration of disease and age were compared using
independent t-test. For detecting within-group
differences in anthropometric measures paired-
sample t-tests were used and analysis of covariance
(ANCOVA) was used for determining any
differences between two groups and was adjusted
by baseline values and confounding factors.
Possible confounding factors were calorie and
carbohydrate intake and baseline values. P < 0.050
was defined to be statistical significance and all
experimental data were analysis by using the SPSS
for Windows (version 20, SPSS Inc., Chicago, IL,
USA).

Results

This study was carried out from November 2013 to
February 2014, and 48 diabetic patients participated
in this study. Among individuals in the placebo
group, 4 patients (need for antibiotic treatment,
n = 1; changing drug, n = 2; poor compliance,
n = 1) were excluded. Four patients in probiotic soy
milk group were excluded (need for antibiotic
treatment, n = 2; changing diet, n = 1; poor
compliance, n = 1). Finally, 40 subjects
(soy milk, n = 20; probiotic soy milk, n = 20)
completed the trial (Figure 1).

Assessed for eligibility (n =6

Excluded (n = 12):
Addicted (n = 2)
Having rheumatoid arthritis (n = 1

Recent antibiotic therapy (n = 2)
Having fatty liver (n = 3)
Taking multivitamins (n = 4)

Randomized (n = 4

v

Allocated to control group (n = 24)
y

Loss to follow up (n = 4):
Taking antibiotic (n = 1)
Changing their drugs (n = 2)

Poor compliance 1= 1)

y

Final analysis (n = 2!

Allocated to intervention group (n = 24
y

Loss to follow up (n = 4):
Taking antibiotic (n = 2)
Taking weight loss diet (n = 1)

Poor compliance (n=

Y

Final analysis (n = 2!

Figure 1. Summary of patient flow
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Table 1.Baseline characteristics of the study participants

Variables

Age (year) 56.90 + 1.81
The duration of disease 8.70 £2.10
Height (cm) 162.95 + 1.47
Sex (FIM) (%) 11/9 (55/45)
PA (low/moderate) (%) 16/4(80/20)
BMI (kg/m?)” 26.68 £ 0.71
WHR 1.52 +0.09
Weight (kg) 70.84 £ 2.41
Systolic BP 14.70 + 0.48
Diastolic BP 10.00 + 0.70

Intervention (n = 20) Placebo (n = 20) P

53.60 + 1.60 0.182"
6.90 + 4.90 0.467"
163.60 + 1.35 0.747"
10/10(50/50) 0.75Z
13/7* (65/35) 0.28¢
26.58 +0.73 0.925"
1.59+0.11 0.610"
71.61 +2.55 0.828"
14.30 + 0.71 0.310"
10.70 + 0.90 0.281"

o

" Data are based on mean = standard efrBercent, or frequency; Obtained from independent t-te§Obtained from chi-square
test; BP: Blood pressure; PA: Physical activity; BBody mass index; WHR: Waist to hip ratio

Intervention
Variables

Carbohydrate

27550+553  269.00 +5.01
(g/da}_/)

HEET 6160+1.80  62.42+1.33
(g/day)

Fat (g/day) 90.55+1.92 90.60 = 1.95
Calorie

(Kcallday) ~ 2105:85%3348 2095192009
CelatT 1147.00+10.01 1168.63+9.25
(mg/day)

Magnesum 340754732 319.32+5.10
(mg/day)

PRSI 4.200.47 4.10%0.22
(g/day)

Table 2. Reported nutrient intake of participants on probisoy milk and soy milk at baseline and througdtiba study

0.349

0.457
0.980
0.790

0.359

0.406

0.361

309.70+6.54 307.72+575 0.663 <0.001
62.22+1.19 63.13+0.98 0419 0.777
92.89 +2.59 9223+218 0.699 0.473
2173.45+32.11 2182.65+30.95 0.727 0.023
1089.06 +11.1+ 1127.61+9.21 0.582 0.331
312.16 +4.19 329.67+830 0.214 0.521
4.38 +0.54 4.40 + 0.36 0.601 0.311

Data are means + standard erfoBbtained from a paired t-test;Obtained from independent sample t-test for thepavison of
dietary intakes throughout the study between tfegmups® The means of all 24 h food recall that was gatheraaty 2 weeks at

throughout study

No serious adverse reactions were reported
following the consumption of multispecies
probiotic supplements in patients throughout the
study. Table 1 shows the baseline characteristics of
the participants in the two groups. The two groups
were similar in their initial characteristics and there
was not any significant difference in the number of
male and female (P 0.750) and PA levels
(P = 0.280) in both groups. At the beginning of the
study, no significant differences were found
between the two groups in terms of dietary intakes
except for carbohydrate (P < 0.001), furthermore;
statistically significant difference was found between
the two groups for dietary intakes of energy and
carbohydrate at throughout of study. Comparing
the dietary intakes at the beginning of study and
throughout the study separately in each group,
showed any significant differences (Table 2). There

were not any significant differences in terms of BMI
P 0.920) and waist to hip ratio (WHR)
(P = 0.610) at the beginning of study between two
groups, but after intervention in probiotic soy milk
a significant within group reduction was found in
BMI (P < 0.010) and WHR (P < 0.050). But we did
not find a significant difference between two groups
after adjusting by baseline values, confounding
factors with ANCOVA (Table 3). There were any
significant difference for systolic (P = 0.310) and
diastolic BP (P = 0.280) in both group at the
beginning of study. However, probiotic soy milk
significantly reduced systolic (P < 0.001) and
diastolic BP (P < 0.050) even after adjusting by
cofounding factors and baseline values with
ANCOVA (P < 0.001), but systolic and diastolic BP
didn’t show any significant changes in soy milk
group (P = 0.120 and 0.670, respectively).
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Variables

Weight (kg)  70.84+2.41 70.40+2.33 0.018

71.61+255 71.21+256 <0.001 0.964

BMI (kg/m’)  26.68+0.71 26.65+0.68 0.003 26.58+0.73 26.33+0.74 <0.001  0.309
WHR 1.52+0.09 1.49+0.08 0019 159+0.11 1.54+0.10 0.070  0.175
Systolic BP  14.70+0.48 13.05+0.16 0.001  14.30+0.71 14.40+0.23 0.120  0.002
Diastolic BP  10.00+0.70 9.10+1.00 0.031  10.70+0.90 10.50+0.12 0.670  <0.001

Data are means + standard erro©btained from a paired t test; Obtained from ANCOVA after adjusted with caloriedan

carbohydrate intake and baseline values; BMI: Bodgsmadex; WHR: Waist to hip ratio; BP: Blood pressure

Discussion

Our study revealed that the consumption of
probiotics soy milk and soy milk for 8 weeks among
patients  with T2D  decreased BP  and
anthropometric measures, however; we did not find
any significant differences between two groups in
term of anthropometric measures after adjusting
with covariates.

Recently, researchers have found that
polyphenols played an important role in the
treatment of obesity, through a mechanism
involving the anti-oxidative function and scavenging
of free radicals.'® Polyphenols promote the
transport of unsaturated fatty acids (FA), which
increases the gene expression of enzymes that
related to thermogenesis, adipogenesis or FA
oxidation and causing weight loss.’ In one cross-
sectional study by Wang et al. indicated that people
with low frequency of soybean intake had
significantly higher risk to overweight and obesity.?
Hu et al. reported that soy fiber had favorable
effects on anthropometric measures, and fasting
low-density  lipoprotein  cholesterol levels in
overweight and obese adults.?! Keshavarz et al.
showed that soy milk can play an important role in
reducing waist circumference among over weight
and obese patients.?? Similar our results were shown
in one study by Kadooka et al.?3 They indicated
Lactobacillus gasseri SBT2055 in fermented milk
did not reduce abdominal obesity in adult, after 24
weeks, mean weight loss did not show significant
difference between the probiotic and placebo
groups; however, in one study by Sharafedtinov et
al., the probiotic L. plantarum TENSIA significantly
reduced BMI in the probiotic cheese group versus
the control cheese group.!! Difference in findings of
these studies can be described by distinction
between probiotic strain and dosage or differences
between participants.?* In our study, probiotic soy
milk significantly reduced anthropometric measures
in compared with the beginning of study but there
were not any differences between two groups after
adjusting by covariates. Therefore, we fail to show

significant reduction in term of anthropometric
measures by soy milk fortified with L. planetarium
A7. It should note that the properties of different
probiotic species vary and can be strain-specific.
Therefore, the effects of one probiotic strain should
not be generalized to others without confirmation
in separate studies. It was for the first time that the
effect of L. planetarium A7 was studied on human
and it is possible that this strain of probiotics does
not have any effect on anthropometric measures.

Our study revealed that probiotic soy milk can
reduce BP in diabetic patients. Numerous
randomized clinical trials of Lactobacillus helveticus
have indicated that supplementation with this
species has antihypertensive effects in human.2>27 It
is not surprising that other studies with different
probiotic strains and species found different results,
because the effect of probiotic bacteria is highly
strain specific.2? Although other studies indicated
that soy milk reduces BP,2-3 but in our study, soy
milk did not reduce BP in diabetic patients.

Short duration of intervention, the absence of
control group that consumed no soy milk, and 24 h
diet recall instead of 3-day food record were our
limitations in this study that must be considered
while interpreting the results. Therefore for
confirming the positive effects of probiotics soy milk
on the anthropometric measures among diabetes
patients more investigations with longer duration and
control group without soy milk should be done.

Studies have been published before suggested
that probiotics reduced anthropometric measures in
humans. However, those studies used another
species of probiotics and enrolled participants with
higher BMI in comparing with our participants. In
our randomized controlled trial, L. planetarium A7
could not reduce anthropometric measures among
diabetic patients, and like other studies we indicated
that this kind of probiotics can reduce BP.

Conclusion

As the intervention was implemented for both sexes
and all ages among diabetic patients, results indicate
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that diabetic patients may benefit from using
probiotic soy milk for decreasing BP. However, we
need more studies for determine the effect of this
strain of probiotic on anthropometric measures.
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