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Abstract

Background: Diabetes is a global health problem in the world. Probiotic food has anti-diabetic property. The aim of
this trial was to determine the effect of probiotic fermented milk (kefir) on glucose and lipid profile control in patients
with type 2 diabetes mellitus.

Methods: This randomized double-blind placebo-controlled clinical trial was conducted on 60 diabetic patients aged
35 to 65 years.Patients were randomly and equally (n=30) assigned to consume either probiotic fermented milk (kefir)
ot conventional fermented milk (dough) for 8 weeks. Probiotic group consumed 600 ml/day probiotic fermented milk
containing Lactobacillus casei, Lactobacillus acidophilus and Bifidobacteria and control group consumed 600 ml/day conven-
tional fermented milk.Blood samples tested for fasting blood glucose, HbA1C, triglyceride (T'G), total cholesterol,
HDL-C and LDL-C at the baseline and end of the study.

Results: The comparison of fasting blood glucose between two groups after intervention was statistically significant
(P=0.01). After intervention, reduced HbA1C compared with the baseline value in probiotic fermented milk group
was statistically significant (P=0.001), also the HbA1C level significantly decreased in probiotic group in compatison
with control group (P=0.02) adjusting for serum levels of glucose, baseline values of HbAlc and energy intake accord-
ing to ANCOVA model. Serum triglyceride, total cholesterol, LDL-cholesterol and HDL- cholesterol levels were not
shown significant differences between and within the groups after intervention.

Conclusion: Probiotic fermented milk can be useful as a complementary or adjuvant therapy in the treatment of dia-
betes.
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Introduction

Diabetes is global health problem in the
world.Long-term damage, dysfunction, and failure
of different organs especially eyes, kidneys, nerves,
heart and blood vessels is related to chronic hy-
perglycemia in diabetes patients. The incidence of
type 2 diabetes is increasing worldwide. (1). The
prevalence of diabetes among adults aged 25 to 64
years is 7.7 percent in Iran. An additional 16.8%,
or 4.4 million of Iranian adults suffer impaired
fasting glucose (2).

Beside drug treatment for diabetes; in recent years,
many efforts have been made on traditional medi-
cines as a complementary or adjuvant therapy in
the treatment of diabetes. In this regards, probi-
otics has been considered in diabetic patients.
Probiotics are live microorganisms, which induce
a health benefit when administered in adequate
amount (3). These health benefits are performed
by stimulating beneficial gastrointestinal indige-
nous microfloraprolifration. Several strain of the-
ses microorganisms show health benefits. How-
evet, Lactobacillus and Bifidobacteriumare the most
common probiotic bacteria used in food (4). Ap-
proved probiotics with lactic acid producing prop-
erty in human origin include Bifidobacteria and Lac-
tobacilli. The consumption of probiotics may de-
crease the serum level of glucose and glucose tol-
erance in diabetes (5, 0).

Many experimental models in chemical or diet and
genetically mutated animals (db/ db mice) have
been shown Lactobacillus is effective for preventing
and delaying of diabetes onset (7).)

Probiotics may improve insulin resistance by re-
ducing the inflammatory response in diabetes (4).
Oxidative stress condition in diabetes can lead to
insulin resistance and consequently the glucose
uptake by peripheral tissue reduction (8). In recent
years, probiotics were used as alternative supple-
ments, and theses microorganisms can apply
health benefits including decrease of se-
rum/plasma total cholesterol, LDL-cholesterol
and triglycerides and increase HDL-cholesterol (9-
12).

Following positive results in animals, numerous
short-term randomized controlled trials demon-
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strated the benefit of prebiotics and probiotics on
insulin sensitivity, inflammatory markers and glu-
cose tolerance (13). The previous studies (14, 15)
in Iran reported the effect of probiotic enrichment
food such as yoghurt or probiotic supplements in
diabetes. Therefore, the purpose of the present
study was to investigate the effect of probiotic
fermented milk (kefir) containing L. acidophilus and
Bifidobacterinm on glucose and lipid profile control
in patients with type 2 diabetes mellitus.

Materials and Methods

Participants

The randomized double-blind placebo-controlled
clinical trial was conducted on patients with type 2
diabetes in Tabriz, Iran.The research was ap-
proved by the Ethics committee of Tabriz Univer-
sity of Medical Sciences. Written informed con-
sent was obtained from all patients’ prior begin-
ning of the study.Clinical trial number of this
study was IRCT201307092017N14.

The sample size was determined based on the data
obtained from the study by Ejtahed for Hb A1C
(16) .We considered o value equal to 0.05 and a
power of 80 percent for calculating the sample
size. The sample size was computed as 23 per
groups. For accommodating the anticipated drop-
out rate, this number was increased to 35 persons
per group. Flow chart of the study is shown in Fig.
1. Patients recruited from Association of diabetes
patients in Tabriz. Recruitment was done by call
and announcement.

Inclusion criteria were diabetic patients with fast-
ing blood glucose 2125 mg/dl, aged from 35 to
05 years, no insulin therapy and duration of illness
less than 20 years. Exclusion criteria included con-
ventional cigarette smoking, pregnancy, breast
feeding, patients with conventional medical com-
plications such as thyroid, liver, gastrointestinal,
cardiovascular, kidney and defective immune sys-
tems disease, vitamin and mineral use, subjects on
non-steroidal anti-inflammatory drugs and hor-
mone replacement therapy.
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Fig.1: Flow chart of the study

Study design and variables assessment

The eligible participants were randomly assigned
to intervention or placebo groups based on ran-
dom block procedure produced by Random Allo-
cation Software (RAS). Subjects in each group
were matched on sex, age and duration of dis-
cases.Hach group consisted of 30 patients. Two
week before the beginning the study, all patients
had refrained period from consuming probiotic
fermented milk and any probiotic food. During
the eight weeks of intervention, patients in the
intervention group received 600ml fermented milk
(kefir) containing probiotics twice a day (in lunch
and dinner), and placebo group received 600 ml
conventional fermented milk(dough) twice dai-
ly(with lunch and dinner). All the participants
were asked not to change their usual dietary in-
takes, life style, other vitamin and minerals supple-
ment consumption, medication and traditional
medicine as an adjuvant therapy during the study.
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In addition, the patients were asked to notify the
researcher, if medical changes accrued during the
intervention.

To ensure that the participants would use accord-
ing to prescription, patients received supply of
fermented milk-kefir and conventional fermented
milk every week. All information containing 3
days dietary records, anthropometric measure-
ments, and fasting blood samples were collected at
the beginning and end of the study. The Nutri-
tionist IV software was used for analyzing 3 days
averages of macronutrients and micronutrients
intakes. Personal and demographic information
were obtained by questionnaire. Body weight was
measured using a scale (Seca, Hamburg, Germany)
with 0.1 kg accuracy by wearing light clothing and
without shoes. Height was measured using a sta-
diometer (Seca) with 0.1 cm accuracy.Body mass
index (BMI) was calculated as body weight in kil-
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ograms divided by the square of height in meters
(kg/m?2).

Fasting blood samples were drawn for biochemi-
cal analyses from the antecubital vein. They were
collected from all participants after 10 to 12 hours
of overnight fasting and were centrifuged within
30-45 min of collection and serum was stored at -
70°C (SANYO, mdf-u33v, Japan, 2010).

Serum concentrations of fasting blood glucose
(FBS), triglyceride (T'G), total cholesterol (TC)
and high-density lipoprotein cholesterol (HDL-C)
were determined using kit (Parsazmon, Tehran,
Iran) and enzymatic method by Auto-analyzer
Bio-Systems(Authoanalyzer, BS-200, MINDRAY
chemistry analyzer, Germany, 2009) . Low-density
lipoprotein cholesterol (LDL-C) was calculated
according to the procedure of Friede-Wald for-
mula. Glycated hemoglobin (HbAlc) was meas-
ured immediately by cation exchange chromatog-
raphy in the whole blood (Bio system, Spain).

Characteristics of intervention
The conventional fermented milk (dough) con-
tained Streptococcus thermophiles and Lactobacillus bul-

garicus according to standard Goldam factory pro-
tocol. The probiotic-fermented milk (kefir) con-
tained Streptococcus thermophiles; also, it was enriched
with Lactobacillus casei, Lactobacillus acidophilus and
Bifidobacterinm — lactis  (DSM. Co,  Aus-
tralia).Lactobacillus acidophilus was cultured on
clindamycin and MRS ., medium, Lactobacillus
casei on vancomycin and MRS .., medium and
tinally Bifidobacterium lactis on strictly anaerobic me-
dium with L- cysteine according to manufacturer
instructions. Both types of fermented milk were
produced weekly and both types were refrigerated
at 4°C. Microbiological analysis for kefir was per-
formed on first day and then was refrigerated for
subsequent analyzing on 7%, 14™ and 21" day of
storage. Microbiological analysis of probiotic fer-
mented milk (kefir) on 7" , 14" and 21" day are
shown in Table 1. Fat content of both types of
fermented milk was 0.3%. Both types of fer-
mented milk (kefir and conventional dough) were
prepared for this study by Goldam Dairy Com-
pany (Tabriz, Iran).

Table 1: Colony count of probiotic strains in probiotic fermented milk

Probitic strain

Colony count/ml Colony count/ml Colony count/ml Colony count/ml

Day 1 Day 7 Day 14 Day 21
Lactobacillus acidophilus 25%106 12%10¢ 5x106 3X106
Lactobacillus case: 15%10¢6 10x10¢ 4x106 2X106
Bifidobacterium lactis 8Xx106 6Xx106 2X106 0.5%x10¢
Statistical analysis Results

The data were analyzed by SPSS 11.5 (Chicago, IL,
USA).Normality of wvariables distribution was
evaluated using Kolmogorov-Smirnov
test.Quantitative data were stated as mean =+
standard deviation (SD).Paired ~test was used to
compare within group changes before and after
the intervention. Comparison of mean changes
between two groups was carried out by independ-
ent samples # test. Analysis of Covariance (AN-
COVA) test was used to adjust baseline values
covariates. P<0.05 was considered statistically sig-
nificant.
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Demographic characteristics of the participants
are shown in Table 2. Thisrandomized double-
blind placebo-controlled clinical trial was con-
ducted on 60 patients. In the study population,
43.33% were female and 56.66%were male. Body
mass index in two groups at the baseline of study
are presented in Table 2. There is no significant
difference in BMI between probiotic and conven-
tional fermented milk (P=0.23).

Weight and dietary intake data before and after
intervention in two groups are presented in Table
3. There were no statistically significant differ-
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ences in weight, energy, carbohydrate and protein
values between or within groups at the beginning
and at the end of the study. The intake of total fat
was significantly different between the probiotic
and conventional fermented milk groups at begin-

ning of the study (P=0.01), and also there was the
difference in total fat intake between two groups
at the end of the study but this difference was not
significant.

Table 2:The demographic data in the probiotic fermented milk(kefir) and conventional fermented milk (dough)

groups
Variables Probiotic fermented milk (kefir)  Conventional fermented milk (dough)  P-value
meantSD meantSD
(n=30) (n=30)
Sex 0.84
Female n (%) 12(40) 14(46.606)
Male n(%o) 18(60) 16(53.33)
Body Mass Index 28.891+4.77 27.47%13.55 0.23
(kg/m?)
Duration of Diseases 6.47£0.90 7.36%0.84 0.10
Table 3: Weight and dietary intake of subjects before and after intervention
Variables Probiotic fermented conventional fermented P-value
milk(kefir) mean*SD (n=30)  milk(dough) mean*SD (n=30)
Weight (kg)
Before 77.46£13.26 74.92+11.48 0.46
After intervention 77.78%+12.78 75.40+11.27 0.47
Energy (kcal)
Before 1994.13+£405.02 1806.13£380.89 0.13
After intervention 2015.13+402.45 1927.65+£402.25 0.39
Carbohydrate(g)
Before 225.131+69.78 252.20%52.30 0.87
After intervention 246.25160.56 248.98+54.51 0.88
Protein(g)
Before 67.72£19.13 61.17£18.54 0.26
After intervention 66.01£18.66 66.54+20.62 0.93
Total Fat (g)
Before 80.10£22.33 63.27£17.13 0.01*
After intervention 82.09£29.19 66.23+£19.47 0.08

* Significant difference between groups at baseline (P=0.01, independent sample #test)

Table 4 shows the biochemical variables assess-
ment in two groups at the beginning and at the
end of the study with the comparison within-
groups changes and the between-groups changes.
After removing the outlier data, there was no sta-
tistically significant differences in fasting blood
glucose at the beginning of the study between two
groups (P=0.22). After intervention with fer-
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mented milk, fasting blood glucose were de-
creased in probiotic fermented milk (P=0.05), but
this decrease was not statistically significant. The
comparison of fasting blood glucose between two
groups after intervention was statistically signifi-
cant (P=0.01) and after adjusting for baseline val-
ue according to ANCOVA model (P=0.03). After
intervention, HbA1C reduced within probiotic
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fermented milk was statistically significant
(P=0.001). As well as this decreased HbA1C be-
tween two groups was significant after adjusting
for serum levels of glucose, baseline values of
HbAlc and energy intake according to ANCOVA
model (P=0.02).

As presented in Table 4, serum triglyceride, LDL-
cholesterol and HDL- cholesterol and total cho-
lesterol levels have no significant changes within
the groups in comparison with the baseline values
(P>0.05). Although total cholesterol, triglyceride

and LDL- cholesterol in probiotic fermented milk
group decreased but these changes was not statis-
tically significant. Between two groups, compari-
son of serum triglyceride, total cholesterol, LDL-
cholesterol and HDL- cholesterol levels was not
shown significant differences. Serum total choles-
terol level in probiotic fermented milk diminished
in comparison with conventional fermented milk
but this comparison was not statistically signifi-
cant (P=0.08) after adjusting for baseline values,
energy and fat intake by ANCOVA model.

Table 4: Blood levels of serum glucose, HbA1Cand lipid profiles at baseline and at the end of the study

Variables Probiotic fermented Conventional fermented P-value
milk(kefirymean+SD meantSD
(n=30) (n=30)
Serum Glucose (mg/dl)
Before 161.63+57.71 183.42+74.76 0.22
After intervention 139.221+46.662 182.161£73.78 0.01b
HbAIC
Before 7.61£1.22 6.98%+1.63 0.12
After intervention 6.40+1.91¢ 7.00+1.98 0.264
Total Cholestrol(mg/dl)
Before 197.86+51.99 204.56+42.85 0.60
After intervention 186.07£61.03¢ 195.961+54.85 0.52f
TG (mg/dl)
Before 179.25+87.84 176.67198.65 0.92
After intervention 170.11£118.66 171.76x78.47 0.95
LDL-Cholestrol(mg/dl)
Before 102.65130.04 102.78+31.56 0.92
After intervention 98.191+39.23 92.801+34.43 0.74
HDL- Cholestrol(mg/dl)
Before 45.36x11.14 43.37113.03 0.53
After intervention 44.00£13.30 43.64111.44 0.96

a differences within the group (P=0.05, paired t-test)

b difference between two groups (P=0.03),adjusting for baseline value according to ANCOVA model

c difference within group (P=0.001, paired t-test).

d difference between two groups (P=0.02), adjusting for serum levels of glucose, baseline values of HbAlc and en-

ergy intake according to ANCOVA model

e differences within the group (P=0.07, paired t-test), analysiswas performedfor27 patients.
t difference between two groups (P=0.08). Near to significance. Adjusting for baseline values, energy and fat intake

according to ANCOVA model
Discussion

Management of diabetes without any side effects
by natural food is a challenge for medical nutrition
therapy of diabetes. In this study, the probiotic
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fermented milk consumption causes the decline of
fasting blood glucose and HbA1C in comparison
with conventional fermented milk. As well as, in
consistent with previous studies total cholesterol,
LDL cholesterol and triglyceride in probiotic-fer-
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mented milk (kefir) decreased toward to conven-
tional fermented milk but these changes were not
statistically significant.

Antidiabetic effect of Lactobacillus and Bifidobacteria
has been investigated in several animal and human
studies (7, 17-19). Some studies have expressed
probiotic treatment can reduce blood glucose lev-
els in diabetic status (20, 21). Several possible
mechanisms of this effect are expressed. A possi-
ble explanation for hypoglycemic effect is that
probiotics affected gut bacteria to produce insu-
linotropic polypeptides and glucagon-like peptide-
1 so induce uptake of glucose by muscle. As well
as liver stimulates the absorption of more blood
glucose in the form of glycogen (22). Oral admin-
istration of Lactobacillus johnsonii strain Lal for
two weeks diminished the elevation of blood glu-
cose and glucagon levels after an oral glucose load
in streptozotocin-diabetic rats (23). Probiotic use
in diabetic patients was not shown significant dif-
ference in FBS levels (14). In Iran, Ejtahed et al.
(16) declared the consumption of probiotic yogurt
improved fasting blood glucose, Hb A1C and an-
tioxidant status in type 2 diabetic patients. Oxida-
tive stress caused by hyperglycemia occurs before
other clinical disorders (24). In diabetes or insulin
resistance status, failure of insulin stimulated glu-
cose uptake by fat and muscle causes high concen-
trations of glucose in blood, so the glucose uptake
in insulin-independent tissues increases (25). Con-
sequently this condition causes the elevated oxi-
dant products and the damage of antioxidant de-
fenses in diabetes mellitus by multiple interacting
pathways (26, 27). In our study, antioxidant index-
es have not measured, but the decrease of fasting
blood glucose and HbA1C may be related to anti-
oxidant activity of probiotic-fermented milk by
several interacting pathways, which eventually are
leading to blood sugar regulation. In addition,
probiotics could be effective for reducing glucose
absorption from intestine tract and could be alter
the metabolic use of glucose.

Various studies (28-30) have expressed probiotic
bacteria especially Lactobacillus and  Bofidobacteria
can reduce the serum cholesterol levels and subse-
quently these probiotics can be useful in hyper-
cholesterolemia medical management. In one
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study probiotic treatment in patients with type 2
diabetes had no effects on FBS, triglyceride, total
cholesterol and LDL- cholesterol in comparison
with placebo group, however after probiotic
treatment HDL-cholesterol and hs-CRP levels
were slightly increased (14). Kefir consumption in
hypetlipidemic men during 4 week was not effec-
tive in reducing lipid profile (31). The consump-
tion of probiotic yogurt containing L.acidophilus
and B. lactis in type 2 diabetes mellitus patients
improved total cholesterol and LDL-C concentra-
tions, the authors declared this product can be the
appropriate management in controlling the cardio-
vascular diseases risk factors in diabetic patients
(15). In this study the lipid profile in probiotic
group from the clinical perspective decreased but
these decreases were not statistically significant
and total cholesterol changes were near the statis-
tically significant within and between groups.

The mechanistic approach for hypocholesterolmic
properties implies that probiotic strains use cho-
lesterol for their own metabolism. Probiotics bind
to cholesterol and convert the binding cholesterol
to its catabolic products. Therefore, the cholester-
ol levels decreased by the deconjugating choles-
terol to the bile acids. This mechanism causes the
reduction of total body pool of cholesterol.
L.acidophilus inhibits the 3-hydroxy 3-methyl glu-
tamyl CoA reductase, which is a rate-limiting en-
zyme responsible for the endogenous cholesterol
biosynthesis in the body and this enzyme can de-
conjugate bile acids in the gut and, eventually this
process causes the reducing cholesterol concen-
tration (30, 32). As previouslymentioned, these
significant changes were not shown in this study;
the possible reasons, which could be noted, are
differences in probiotic strains and genetic differ-
ences in our patients.

Some probiotic strains can improve intestinal bar-
rier function and can cause the decrease of micro-
organism and their products derived from them
such as lipopolysaccharide (LPS). The elevated
LPS can release circulating pro-inflammatory cy-
tokines.  Subsequently increasing the pro-
inflammatory factors may involve in the patho-
genesis of insulin resistance in the type 2 diabetes
mellitus patients (18, 33, 34). The specific strain of
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probiotics has anti-inflammatory properties (18,
35, 36) and can cause the reducing inflammatory
condition, regulating glucose and lipid metabolism
in diabetic patients.

The limitation of this study included the absence
of a control group that consumed no fermented
milk. If there was a control group without fer-
mented milk consumption, we could determine
the net effect of fermented milk on biochemical
parameters in type 2 diabetic patients. The sample
size of the studied population was limiting agent
for obtaining more power of statistical analysis.
Duration of the study could be prolonged; short
duration of intervention was another limitation of
this study. Therefore, further studies with long-
term duration are needed to mark the other pro-
biotic fermented milk (kefir) effects in diabetic
patients. As well as intestinal microflora assess-
ment and colonization of bacteria in gut has not
been survey in this study.

The strength of this study was the intense desire
of kefir consumption by diabetic patients. As well
as, weekly monitoring of patients at the time of

delivery-fermented milk was strength of this study.

Conclusion

Consumption of probiotic-fermented milk (kefir)
in diabetic patients in comparison with conven-
tional fermented milk decreased the fasting blood
glucose and HbAI1C levels.Compared with two
groups, serum level of total cholesterol declined
but this reduction was not statistically significant.
These findings suggest that probiotic fermented
milk can be useful in medical nutrition manage-
ment of diabetic patients.
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