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Abstract Probiotic therapies are going to be an effective

alternative therapeutic strategy in the treatment and man-

agement of diabetes. The mechanism behind the essential

effects of probiotic therapies in diabetic patients was not

fully understood. The objective of this study was to eval-

uate the effects of probiotic soy milk containing Lacto-

bacillus planetarum A7 on inflammation, lipid profile,

fasting blood glucose, and serum adiponectin among

patients with type 2 diabetes mellitus. Forty patients with

type 2 diabetes, at the age of 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 con-

taining L. planetarum A7 and those in control group con-

sumed 200 ml/day of pure soy milk for 8 weeks. Serum

TNF-a, C reactive protein, adiponectin, lipid profile, and

fasting blood glucose were determined before and after

intervention. In intervention group, serum adiponectin in

pre- and post-treatment did not show any significant

changes (2.52 ± 0.74 vs 2.84 ± 0.61, P = 0.658), as well

as changes in serum TNF-a and C reactive protein

(172.44 ± 5.7 vs 172.83 ± 7.6, P = 0.278, 4.2 ± 1.4 vs

4.5 ± 1.9, P = 0.765, respectively). Low-density choles-

terol and high-density cholesterol changed significantly

(P = 0.023, P = 0.017, respectively), but fasting blood

glucose did not show any significant changes. The results

of this study showed that consumption of probiotic soy

milk and soy milk has no effect on serum adiponectin and

inflammation, but it can change lipid profile among type 2

diabetic patients.
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Introduction

Type 2 diabetes (T2D) is a heterogeneous and multifacto-

rial disease that both genetic and environmental factors are

involved in its development and pathogenesis [1].

Increased insulin resistance is one of the main pathophys-

iological features of T2D [2]. It takes place before disease

onset and contributes to the development of disease.

Hyperglycemia, high free fatty acids and pro-inflammatory

cytokines develop insulin resistance. It seems that pro-in-

flammatory cytokines play a key role in the development of

insulin resistance. It is known that elevation of inflamma-

tory cytokines in obesity is responsible for the development

of insulin resistance and other obesity related complica-

tions [3].

Two key mediators of insulin resistance, adiponectin

(Apn) and TNF-a are known to have critical roles in

Reza Ghiasvand and Sadegh Feizollahzadeh are first co-author.

& Mitra Hariri

Hariri.mitra@yahoo.com

1 Department of Immunology, School of Medicine, Isfahan

University of Medical Sciences, Isfahan, Iran

2 Department of Community Nutrition, School of Nutrition and

Food Science, Isfahan University of Medical Sciences,

Isfahan, Iran

3 Department of Molecular Biology and Genetics, School of

Medicine, Isfahan University of Medical Sciences, Isfahan,

Iran

4 Department of Anatomical Sciences and Molecular Biology,

School of Medicine, Isfahan University of Medical Sciences,

Isfahan, Iran

5 Department of Basic Medical Sciences, Neyshabur

University of Medical Sciences, Neyshabur, Iran

123

Probiotics & Antimicro. Prot. (2017) 9:41–47

DOI 10.1007/s12602-016-9233-y

http://orcid.org/0000-0002-5370-2140
http://crossmark.crossref.org/dialog/?doi=10.1007/s12602-016-9233-y&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12602-016-9233-y&amp;domain=pdf


developing obesity complications and T2D [4–6]. An ear-

lier study reported that obesity and T2D cause a decrease in

Apn and an increase in TNF-a [7]. Apn is a 30 KD protein

which mainly secretes from adipose tissue. It circulates in

human blood at levels of 3–30 lg/ml in the forms of

trimmer, hexamer, and multimer [4]. New evidence shows

Apn plays a preventive role in developing insulin resis-

tance and T2D and can be considered as an improving

factor for insulin resistance and cardiovascular diseases [8].

Apn has anti-inflammatory effects and decreases the level

of TNF-a [9]. It has also anti-inflammatory effect on

monocytes and endothelial cells and attenuates atheroge-

nesis [9].

TNF-a is a pro-inflammatory cytokine produce as a17

KD soluble form (sTNF) by various cell types and weakly

by adipose tissue [5]. Inflammation develops insulin

resistance through interference and blockade of the insulin

signaling pathway [6]. Inflammation increases in obesity

and contributes and is related to insulin resistance and

development of T2D in obese patients [3]. It seems that

TNF-a and Apn antagonize each other, regulate expressing

each other, and act antagonistically in modulating insulin

action [10]. Decrease of systemic TNF-a and increase of

Apn can be an effective therapeutic target for managing

T2D and inhibiting insulin resistance in obesity.

Recently, probiotic therapies are going to be a new

effective therapeutic strategy in preventing and manage-

ment of many chronic diseases such as T2D [11, 12].

Probiotics are safe and nonpathogenic live microorganisms

that confer health benefits to consumers [13]. They exert

health benefits through change in gut micobiota and

enhancement of gut immune system [14]. Nowadays, many

strains of isolated probiotics and genetically improved

strains are developed for therapeutic aims and their appli-

cations are under investigation [15]. New evidence has

suggested that probiotics can regulate and stimulate innate

and adaptive immune system locally and systematically

[16, 17].

Consumption of probiotics in T2D was associated with

some improvements in clinical symptoms [18, 19]. Recent

systematic review and meta-analysis indicated moderate

hypoglycemic effect of lactic acid bacteria, but findings on

anti-inflammatory effects remain inconsistent [20]. It

seems anti-inflammatory effects of lactic acid bacteria may

vary from strain to strain. Since lowering inflammation

between diabetic patients is a health promoting character-

istic there is a need to find new probiotic strains with anti-

inflammatory effects. Lactobacillus plantarum A7 has been

isolated from fecal flora of healthy infants and may reduce

inflammation [21].

Human and animal studies indicated that soy phytoe-

strogen can improve several parameters related to diabetes

risk factor [22–24]. We believe using probiotic and soy

milk together can increase probiotic protective effect,

because probiotic can increase soy isoflavones absorption

[25, 26]. Therefore according to other studies with signif-

icant results and no side effects we fortified soy milk with

2 9 107 Lactobacillus plantarum A7 [27].

The aim of this study was to find a probiotic strain with

anti-inflammatory effect and revealing molecular mecha-

nisms behind the beneficial effects of this probiotic con-

sumption in T2D.

Materials and Methods

Study Design and Participants

This randomized double-blinded parallel-group controlled

clinical trial was carried out in Isfahan, Iran. Subjects were

48 T2D patients aged 35–68 years. All subjects were

interviewed; a questionnaire was used to collect data about

age and medical history. Subjects who have a history of

inflammatory bowel disease, infection, liver disease,

rheumatoid arthritis, smoking, alcoholism, recent antibiotic

therapy, C reactive protein (CRP) positive and daily intake

of multivitamin and mineral were excluded from this study.

Subjects were randomly divided in two distinct groups. The

study group (n = 24, i.e., 12 males and 12 females) took

soy milk containing probiotic and control group (n = 24,

i.e., 10 males and 14 females) took soy milk without pro-

biotic for eight weeks. During 8 weeks, intervention sub-

jects took 200 ml soy milk/day and for study group, their

milk was supplemented with 2 9 107 CFU of L. plantarum

A7. Subjects who intended to change their ordinary dietary

habits and consume fermented products during the inter-

vention period were excluded from the study. The study

was approved by Ethical Committee of Isfahan University

of Medical Sciences, 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.ir.

Intervention and Anthropometric Measurements

Conventional soy milk and probiotic soy milk were pro-

duced every 3 days and distributed to the participants. The

probiotic soy milks were sampled at the time of distribution

and were microbiologically analyzed every 2 weeks.

Samples were refrigerated at 4 �C for 3 days, and next

analyzing was done on the third day of storage. MRS agar

(Sigma-Aldrich) was used for colony counting of Lacto-

bacillus plantarum A7 by pour plate method. Microbio-

logical analyses of the probiotic soymilk showed the

average colony counts of Lactobacillus plantarum A7 on

day one and day three were the same. Therefore, the
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bacterial survival rate in soy milk during a 3 days storage

period was intact. All subjects entered a 2 week run-in

period during which they had to stop taking any probiotic

food or probiotic supplements. Their weight, height, waist

to hip ratio (WHR), and medication history were recorded

before and after the intervention, and information on

physical activity (PA) levels and micro and macronutrients

intakes were gathered every 2 week by international

physical activity questionnaires (IPAQ) and a 24 h diet

recall interview, respectively.

Subjects’ weights were recorded by digital scale (Seca,

Germany), with an accuracy of 100 g, and standing height

was recorded by non-stretchable tape (Seca, Germany),

with an accuracy of 0.1 cm. Body mass index (BMI) was

got by dividing weight by the square of height. All subjects

had to have a stable dietary habit, physical activity, and

medication during intervention. Subjects who intended to

change their dietary habits, physical activity, or body

weight during the intervention period were excluded from

the study.

Biochemical Analysis

At beginning and the end of trial, venous blood sample was

taken after 12 h overnight fasting. Serum was separated by

centrifugation at 3000 rpm for 10 min and stored at-20 �C.
All serum samples were analyzed on the same run soon after

the end of the study to avoid interassay variations.

A standard human Apn detecting ELISA kit (Mediag-

nost, Germany) based on sandwich ELISA was used for

detection of serum Apn. Concentrations of Apn were cal-

culated in comparison to a standard curve (a serial dilution

of Apn standard provided in kit).

Serum TNF-a and CRP was measured using standard

ELISA kit for human TNF-a and CRP based on sandwich

ELISA (Id LabsTM Inc Biotechnology, Canada).

Serum triglyceride (TG), high-density lipoprotein

cholesterol (HDL-C), and low-density cholesterol (LDL-C)

were measured using the standard enzymatic–colorimetric

method by Bionik Diagnostic Kits (Iran). Fasting blood

sugar (FBS) was measured by Glucose kit (GOD, Pars

Azmon product, Iran) with enzymatic and Colorimetric

method (GOD-PAP).

Statistical Analysis

All data were checked for normal distribution using kol-

mogrove-Smirnoff test. Data are presented as mean ± S.E.

Independent samples t test was used for data on dietary

intakes between groups. We used repeated measure anal-

ysis of variance (ANOVA) for checking changes in intakes

throughout study period. Possible confounding factors in

this study were calorie and carbohydrate intake.

For comparison the levels of PA and sex between two

groups, Chi-square test was used. Analysis of covariance

(ANCOVA) was used for determining any differences

between two studied groups in terms of main outcomes

after intervention (adjustment was made for baseline values

and confounding factors). Paired-sample t tests were used

to detect within group differences. Differences were con-

sidered significant when P values were less than 0.05. All

analysis was performed using the statistical software

(SPSS) version 20.0 (SPSS Inc., Chicago, IL).

Results

Base Line Data

This study was carried out from November 2013 to

February 2014, and 48 diabetic patients took part in this

study. There were no adverse reactions or symptoms in

patients, and they all displayed good compliance. From

study group and control group, four participants could not

complete this trial and were excluded. Therefore, finally 40

subjects (soy milk, n = 20; probiotic soy milk, n = 20)

successfully completed the trial (Fig. 1). There were no

Loss to follow up (n=4)

Taking antibiotic (n=2)

Taking weight loss diet 
(n=1)

Poor compliance (n=1)

Final analysis 
(n=20)

Final analysis 
(n=20)

Allocated to control group 
(n=24)

Randomized (n=48)

Allocated to study group 
(n=24)

Loss to follow up (n=4)

Taking antibiotic (n=1)

Changing their drugs (n=2) 

Poor compliance (n=1)

Assessed for eligibility (N= 60)

Fig. 1 Summary of patient flow
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statistical significant differences in the baseline character-

istics of the patients between the two groups (Table 1).

In terms of BMI and waist to hip ratio (WHR), there was

not any significant difference at the beginning of study

between two groups, but probiotic soy milk caused a sig-

nificant within group reduction in BMI and WHR. There

was not any significant difference between two groups after

adjusting by baseline values, energy, and carbohydrate

intake with ANCOVA.

24 h Diet Recall

We observed no significant differences between the two

groups in dietary intake at the beginning of study except for

carbohydrate (Table 2). The intake of carbohydrate was

significantly higher in placebo group (P\ 0.001). Dietary

intake of nutrients at the beginning and during the study did

not show any significant differences in within each group

separately, but statistically significant difference was found

between the two groups for dietary intakes of energy and

carbohydrate throughout the study.

Changes of Inflammatory Mediators

As shown in Table 3, no significant changes were indicated

for serum Apn, TNF-a, and CRP levels before and after

intervention in both intervention (P = 0.658, 0.973, and

0.765, respectively) and control group (P = 0.278, 0.309,

0.619, respectively).

Between groups comparison did not indicate any sig-

nificant changes in serum TNF-a, CRP, and Apn in inter-

vention group, in compare with control group, after

adjusting with baseline value, calorie, and carbohydrate

intake (P = 0.112, 0.269, and 0.317, respectively).

Table 1 General characteristics

of the study participants in two

studied groups

Variables Intervention

N = 20

Placebo

N = 20

P value

Age (year)* 56.90 ± 1.81 53.6 ± 1.6 0.182a

The duration of disease* 8.7 ± 2.1 6.9 ± 4.9 0.467a

Weight (kg)* 70.84 ± 2.41 71.61 ± 2.55 0.828a

Height (cm)* 162.95 ± 1.47 163.60 ± 1.35 0.747a

BMI (kg/m2)* 26.68 ± 0.71 26.58 ± 0.73 0.925a

WHR* 1.52 ± 0.09 1.59 ± 0.11 0.610a

Sex (F/M) (%)� 11/9 (55/45) 10/10 (50/50) 0.752b

PA (low/moderate) (%)� 16/4 (80/20) 13/7 (65/35) 0.288b

Insulin use (n/%) 10/50 9/45 0.706b

Hypoglycemic drugs use (n/%) 10/50 11/55 0.769b

Hypolipidaemic medication use (n/%) 19/95 20/100 0.798b

Hypertension medication use (n/%) 18/90 16/80 0.302b

Data are * mean ± SE, � frequency (%). a Obtained from independent sample t test, b obtained from Chi-

square test

Table 2 Reported nutrient intake of participants on probiotic soy milk and soy milk groups at baseline and throughout the study

Variables Intervention

N = 20

Placebo

N = 20

P valueb

Before Throughout the study P valuea Before Throughout the study P valuea

Carbohydrate (g/day) 275.5 ± 5.53 269 ± 5.01 0.349 309.70 ± 6.54 307.72 ± 5.75 0.663 0.00

Protein (g/day) 61.60 ± 1.80 62.42 ± 1.33 0.457 62.22 ± 1.19 63.13 ± 0.98 0.419 0.777

Fat (g/day) 90.55 ± 1.92 90.60 ± 1.95 0.980 92.89 ± 2.59 92.23 ± 2.18 0.699 0.473

Calorie (Kcal/day) 2105.85 ± 33.48 2095.19 ± 20.09 0.790 2173.45 ± 32.11 2182.65 ± 30.95 0.727 0.023

Fiber (g/day) 17.67 ± 0.61 18.63 ± 0.65 0.172 18.76 ± 0.84 18.61 ± 0.51 0.853 0.301

B12 (lg/day) 2.45 ± 0.22 2.25 ± 0.16 0.466 2.36 ± 0.19 2.26 ± 0.30 0.814 0.765

Folic acid (lg/day) 251.20 ± 14.27 285.40 ± 12.02 0.053 267.99 ± 13.66 277.29 ± 9.47 0.614 0.401

Data are mean ± SE
a Obtained from paired t test, b obtained from independent samples t test for the comparing of dietary intakes throughout the study between two

groups
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Changes of Lipid Profile, and FBS

Within group comparisons of LDL, and HDL revealed that

the probiotic soy milk increased HDL, and decreased LDL

(P\ 0.05, Table 3), while there was not any significant

difference in the placebo group. FBS and TG did show any

significant change in neither probiotic soy milk

(P = 0.369, 0.814, respectively) nor soy milk group after

intervention (P = 0.326, 0.601, respectively). Between

groups comparison did not reveal any significant changes

in FBS and TG in intervention group, in compare with

control group, after adjusting with baseline value, calorie,

and carbohydrate intake (P = 0.294 and 0.406,

respectively).

Discussion

This study revealed that the consumption of probiotic soy

milk, compared to the soy milk, for 8 weeks, among

patients with T2D diabetes does not have any effect on

serum Apn, inflammatory mediators, and FBS, but it could

decrease LDL and increase HDL significantly.

Most of the previous articles results that studied the

effect of probiotics on glycemic control in T2D, indicated

that probiotics, especially Lactobacillus, can reduce FBS,

HbA1c, insulin, and inflammation [28, 29]. The increase of

GLUT4 mRNA expression has also been reported [28].

Previous studies among diabetic subjects have shown

controversial result especially on inflammation and gly-

cemic index. We hypothesized that effect of probiotics on

glycemic control could be through immune-modulatory

effects. To capture these interrelations were selected a set

of key inflammatory and anti-inflammatory cytokines,

including Apn, TNF-a, and CRP.

To the best of our knowledge, this is the first human

study to compare the effect of probiotic soy milk and soy

milk on anti-inflammatory mediator Apn, and pro-inflam-

matory mediator TNF-a and CRP among diabetic patients.

Probiotics has recently been considered as an effective

alternative biological method for chemical agents in

managing many chronic diseases [11, 12]. They confer

useful effects through many mechanisms related to their

effect on local gut environment and systemic effects [14].

However, their mechanisms of action could be different

based on type of probiotics and genetic background of

hosts.

Apn increases fatty acid beta-oxidation, improves glu-

cose metabolism and decreases gluconeogenesis enzymes

at mRNA expression level [4]. It has been repeatedly

reported that an increase in serum Apn level was associated

with increased insulin sensitivity [4] and b-cells protection
from autoimmunity and lipotoxicity injuries [30]. Li and

colleagues showed that higher Apn levels were consistently

associated with a lower risk of T2D diabetes in prospective

studies of diverse populations. Other studies also showed

that Apn is a promising target for reducing risk of T2D

diabetes and improving health indices in T2D [31].

Experimental studies have been showed that probiotics can

increase Apn concentration [32], but there is not any study

among patients with T2D or metabolic syndrome for

comparison their result with our result. In one study among

people with obesity using fermented milk could increase

Apn significantly [33], but in our study, we did not find any

significant changes in serum Apn after L. plantarum A7

consumption in T2D patients. Circulating Apn concentra-

tions increase during caloric limit in animals and humans,

such as patients with anorexia nervosa [4].In the present

study, participants did not experience any significant

weight fall; therefore, L. plantarum A7 consumption have

no effect on serum Apn level.

Changing of serum TNF-a after probiotic consumption

was evaluated with other authors, and it was controversial.

In the clinical trial by Hatakka et al. [34], probiotic

Table 3 Biomarkers of oxidative stress at baseline and after 8 weeks of study

Variables Intervention

N = 20

Placebo

N = 20

P valueb

Before After P valuea Before After P valuea

Apn (lg/ml) 2.52 ± 0.74 2.84 ± 0.61 0.658 3.94 ± 0.93 3.74 ± 0.87 0.278 0.317

Serum TNF-a (pg/ml) 172.44 ± 5.7 172.83 ± 7.6 0.973 218.5 ± 3.5 438.22 ± 4.1 0.309 0.112

CRP (mg/l) 4.5 ± 1.9 4.2 ± 1.4 0.765 5.3 ± 1.8 5.1 ± 1.3 0.619 0.269

FBS (mg/dL) 133 ± 14.6 132 ± 15.6 0.369 136 ± 11.6 135 ± 17.4 0.326 0.294

LDL (mg/dL) 165 ± 19.6 151 ± 17.4 0.023 172 ± 16.3 173 ± 14.2 0.186 0.014

HDL (mg/dL) 42 ± 9.4 50 ± 10.1 0.017 48 ± 11.5 49 ± 10.2 0.243 0.007

TG (mg/dL) 287 ± 27.5 286 ± 29.5 0.814 271 ± 29.2 270 ± 31.5 0.601 0.406

Data are mean ± SE
a Obtained from paired t test, b obtained from ANCOVA after adjustment for calorie and carbohydrate intake and baseline values
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supplementation resulted in no significant change within-

or between-group for cytokines such as TNF-a. But in

another study by Alipour et al. [35], probiotic supple-

mentation among female with rheumatoid arthritis caused

significant decrease in TNF-a concentration. Among dia-

betic patients using fermented milk for 12 week could

decrease TNF-a [36].

In the present study, we did not see any significant

change in serum levels of TNF-a after 8 week L. plan-

tarum A7 consumption. The increase in mean TNF-a level

in control group after treatment was due to significant

increase of TNF-a in two patients (unknown reason with-

out any sign of infection and CRP change) but in others

was unchanged, then overall was not significant. The dis-

agreement between studies may be in part because of the

different strain and dose of the administered probiotic

which consequently resulted in a different immunological

pattern.

In our study, probiotic soy milk could not decrease FBS,

but it could change lipid profile significantly. Several

studies about the effects of different probiotics strains on

glycemic status and lipid profile in patients with T2D have

yielded inconsistent results. Recent meta-analysis about

probiotic effect on FBS believes that consumption of pro-

biotics can decrease FBS borderline statistically significant,

but multiple species of probiotics showed a more pro-

nounced reduction [37]. Our result about probiotic effect

on lipid profile was similar with Tonucci LB et al. They

believe probiotics in T2D can decrease lipid profile sig-

nificantly [36].

Marta et al. [38] in their study indicated that anti-in-

flammatory properties of probiotics are strain specific, and

it depends on antigens present on the bacterial wall.

Therefore, nonsignificant changes in CRP levels in this

study may be associated with differences in strain-specific

efficacy.

Our limitations in this study were short duration of

treatment, the absence of control group that did not take

soy milk, and the lack of probiotic measurement before and

after treatment in stool. These limitations must be consid-

ered while interpreting the results.

Conclusion

Overall, this study revealed the consumption of probiotic

soy milk and soy milk for eight weeks did not change

serum concentration of Apn, CRP, and TNF-a in patient

with T2D. Further studies are needed to better clarify the

effects of probiotic soy milk and soy milk on profile of

adipokines and cytokines related to metabolic disorders

including T2D. It seems that there are long way to probi-

otics to enter in the management of T2D patients. The

isolation of some useful strains and improvement of their

properties with genetic engineering tools could expand this

new field of biological therapy using probiotics.
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