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metabolic profiles, hs-CRP, and biomarkers of oxidative stress 
including plasma total antioxidant capacity and total glutathi-
one (GSH).  Results:  Between-group comparisons of fasting 
plasma glucose (FPG) revealed that consumption of probiotic 
supplements prevented a rise in FPG (+28.8 ± 8.5 for placebo 
vs. +1.6 ± 6 mg/dl for probiotic group, p = 0.01). Although a 
significant within-group increase in serum insulin and low-
density lipoprotein cholesterol levels was found in both the 
probiotic group and the placebo group, the changes were 
similar between the two groups. We observed a significant 
increase in HOMA-IR (homeostasis model of assessment-insu-
lin resistance) in both the probiotic group (p = 0.02) and the 
placebo group (p = 0.001); however, the increase in the pla-
cebo group was significantly higher than that in the probiotic 
group (+2.38 vs. +0.78, p = 0.03). Mean changes in serum hs-
CRP were significantly different between the two groups 
(–777.57 for the probiotic group vs. +878.72 ng/ml for the pla-
cebo group, p = 0.02). Probiotic supplementation led to a sig-
nificant increase in plasma GSH levels compared to placebo 
(240.63 vs. –33.46 μmol/l, p = 0.03).  Conclusion:  In conclusion, 
multispecies probiotic supplementation, compared with pla-
cebo, for 8 weeks in diabetic patients prevented a rise in FPG 
and resulted in a decrease in serum hs-CRP and an increase in 
plasma total GSH.  Copyright © 2013 S. Karger AG, Basel 
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 Abstract 

  Background:  We are aware of no study that has indicated 
the effects of daily consumption of multispecies probiotic 
supplements on metabolic profiles, high-sensitivity C-reac-
tive protein (hs-CRP), and oxidative stress in diabetic patients. 
 Objective:  This study was designed to determine the effects 
of multispecies probiotic supplements on metabolic profiles, 
hs-CRP, and oxidative stress in diabetic patients.  Methods:  
This randomized double-blind placebo-controlled clinical tri-
al was performed on 54 diabetic patients aged 35–70 years. 
Subjects were randomly assigned to take either a multispecies 
probiotic supplement (n = 27) or placebo (n = 27) for 8 weeks. 
The multispecies probiotic supplement consisted of 7 viable 
and freeze-dried strains:  Lactobacillus acidophilus  (2 × 10 9  
CFU),  L. casei  (7 × 10 9  CFU),  L. rhamnosus  (1.5 × 10 9  CFU),  L. bul-
garicus  (2 × 10 8  CFU),  Bifidobacterium breve  (2 × 10 10  CFU), 
 B. longum  (7 × 10 9  CFU),  Streptococcus thermophilus  (1.5 × 10 9  
CFU), and 100 mg fructo-oligosaccharide. Fasting blood sam-
ples were taken at baseline and after intervention to measure 
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 Introduction 

 Type 2 diabetes (T2D) is a metabolic disorder charac-
terized by high blood glucose arising from a combination 
of insufficient insulin secretion and resistance to insulin 
action  [1] . The International Diabetes Federation (IDF) 
estimated that about 258 million people around the world 
suffered from diabetes mellitus in 2010  [2] . The preva-
lence of this condition among the Iranian adult popula-
tion is almost 8%  [3] . In addition to an abnormal meta-
bolic profile, elevated levels of proinflammatory bio-
markers and oxidative stress have previously been 
documented in diabetic patients  [4] , and these in turn 
make them prone to metabolic disorders  [5]  and cardio-
vascular events  [6] .

  In addition to various strategies suggested for meta-
bolic control of diabetes  [7, 8] , the use of antioxidants, 
vitamins E, A, and C, and coenzyme Q 10   [9]  as well as 
oxidative stress-lowering  [10]  and anti-inflammatory 
agents including low-dose aspirin and statins  [11]  have 
been used in diabetes. Recently, the use of probiotics to 
decrease metabolic profiles  [12] , inflammatory factors 
 [13] , and biomarkers of oxidative stress  [14, 15]  has re-
ceived great attention. However, the beneficial effects 
have mainly been reported in animal models or nondia-
betic patients. It seems that probiotics influence meta-
bolic profiles by improving insulin sensitivity  [5] , enzy-
matic deconjugation of bile acids, and conversion of cho-
lesterol into coprostanol in the gut  [16] . In addition, 
decreased inflammation and oxidative stress by probiot-
ics might be due to their effects on increasing glutathione 
(GSH) levels  [17] , scavenging superoxide and hydroxyl 
radicals  [18] , decreasing expression of interleukin-6 (IL-
6) in adipocytes, and decreasing adiposity  [19] .

  Few data are available on the effects of probiotics on the 
metabolic profile of diabetic patients. It has been shown 
that a diet supplemented with dahi, a fermented dairy 
product containing  Lactobacillus acidophilus  and  L. casei , 
resulted in a significant delay in the progression of glucose 
intolerance, hyperglycemia, hyperinsulinemia, dyslipid-
emia, and oxidative stress in rats  [5] . Oral administration 
of  L. casei  led to decreased plasma glucose levels in KK-Ay 
mice  [20] . Consumption of  L. plantarum  (299v) also re-
sulted in reduced systolic blood pressure, serum insulin 
levels, leptin, fibrinogen, F2-isoprostanes, and IL-6  [21] . 
Almost all earlier studies have considered the effect of 
monospecies probiotics, and to our knowledge no reports 
are available indicating the effects of multispecies probi-
otic supplements on metabolic profiles, inflammatory fac-
tors, and oxidative stress. Furthermore, previous studies 

have mostly been done in animal models and limited data 
on the effects on humans are available. Moreover, the ef-
fects of probiotics on several human conditions have been 
assessed, but evidence of the effects of probiotics, in par-
ticular multispecies probiotics, on diabetes is scarce. The 
aim of the current study was, therefore, to investigate the 
effects of daily consumption of multispecies probiotic 
supplements on metabolic profiles, high sensitivity C-re-
active protein (hs-CRP), and biomarkers of oxidative 
stress among type 2 diabetic patients.

  Materials and Methods 

 Participants 
 This randomized double-blinded controlled clinical trial was 

carried out in Kashan, Iran, from November 2011 to February 
2012. On the basis of the sample size formula suggested for ran-
domized clinical trials  [22] , we considered a type I error of 5% 
(α = 0.05) and a type II error of 20% (β = 0.2; power = 80%) and 
serum hs-CRP levels as a key variable and reached the sample size 
of 22 patients for each group. The diagnosis of T2D was made 
based on the criteria of the American Diabetes Association  [23] ; 
those with one of the following criteria were considered to have 
T2D: fasting plasma glucose (FPG)  ≥ 126 mg/dl, blood sugar (2 h 
postprandial)  ≥ 200 mg/dl, and hemoglobin A1 C  (HbA1 C )  ≥ 6.5%. 
Individuals with the above mentioned inclusion criteria were 
called for participation in the study from those who attended the 
Golabchi Diabetes Clinic affiliated with Kashan University of 
Medical Sciences, Kashan, Iran. Subjects were not included if they 
were pregnant, using insulin or vitamin supplements, or had 
chronic kidney disease, liver, lung, and chronic or acute inflamma-
tory disease, heart valve disease, short bowel syndrome, or aller-
gies. A total of 60 patients (18 males and 42 females) with T2D were 
recruited into the study and, after matching for age, sex, BMI, and 
type and dosage of the oral hypoglycemic medications they were 
taking, they were randomly assigned to receive either multispecies 
probiotic supplements (n = 30, i.e. 9 males and 21 females) or the 
placebo (n = 30, i.e. 9 males and 21 females) for 8 weeks. The study 
was conducted according to the guidelines laid down in the Dec-
laration of Helsinki. The ethical committee of Kashan University 
of Medical Sciences approved the study, and informed written 
consent was obtained from all participants.

  Study Design 
 To obtain detailed information about the dietary intakes of the 

study participants, all patients entered a 2-week run-in period dur-
ing which they had to refrain from ingesting any other probiotic 
food. During the run-in period, participants were asked to record 
their dietary intakes for 3 nonconsecutive days. At the end of run-
in period, subjects were randomly assigned to receive either the 
placebo or multispecies probiotic supplements for 8 weeks. All 
participants were asked to take one supplement each day. Partici-
pants were asked not to alter their routine physical activity or usu-
al diets and not to consume any probiotic capsules other than the 
one provided to them by the investigators. They were also asked to 
avoid consuming any other probiotic and fermented products. 
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Placebo or multispecies probiotic supplements were provided for 
participants every month. Compliance with consumption of cap-
sules was monitored once a week through phone interviews. Com-
pliance was also double-checked by the use of 3 day dietary records 
completed throughout the study. To obtain the nutrient intakes of 
participants based on these 3-day food diaries, we used Nutrition-
ist IV software (First Databank, San Bruno, Calif., USA) modified 
for Iranian foods.

  Assessment of Variables 
 Anthropometric measurements were assessed at baseline and 

after 8 weeks of intervention. Body weight was measured in an 
overnight fasting status, without shoes and in minimal clothing, 
using a digital scale (Seca, Hamburg, Germany) to the nearest 
0.1 kg. Height was measured using a nonstretched tape measure 
(Seca) to the nearest 0.1 cm. BMI was calculated as weight in kilo-
grams divided by height in meters squared. Fasting blood samples 
(10 ml) were taken at baseline and after an 8-week intervention 
at the Kashan reference laboratory early in the morning after an 
overnight fast. The serum samples were separated from whole 
blood by centrifugation at 3,500 rpm for 10 min (Hettich D-78532; 
Tuttlingen, Germany). Plasma glucose levels were quantified via 
the glucose oxidase/peroxidase method with commercially avail-
able kits (Pars Azmoon Co., Iran). HbA1 C  levels in the whole blood 
were measured using a Glycomat kit (BiocodeHycel, USA) via the 
exchange chromatography method at the Kashan reference labo-
ratory. Serum insulin levels were assayed using enzyme-linked im-
munoassay kits (DiaMetra, Italy). Insulin resistance was assessed 
using the homeostatic model assessment of insulin resistance 
(HOMA-IR). Serum total cholesterol and triglyceride concentra-
tions were assayed using commercial kits (Pars Azmoon) by enzy-
matic colorimetric tests with cholesterol oxidase p-aminophena-
zone and glycerol phosphate oxidase, respectively. Serum high-
density lipoprotein cholesterol (HDL-C) was measured after 
precipitation of the apolipoprotein B containing lipoproteins with 
phosphotungistic acid. Serum low-density lipoprotein cholesterol 
(LDL-C) levels were also measured using available kits. Serum hs-
CRP was assayed using ELISA and enzyme-linked immunoassay 
kits (LDN, Nordhorn, Germany). Plasma samples were analyzed 
for concentrations of total antioxidant capacity (TAC) and total 
GSH levels. Plasma TAC was assessed via the FRAP method devel-
oped by Benzie and Strain  [24] . The plasma total GSH was mea-
sured using the method of Beutler et al.  [25] . The serum uric acid 
concentration was assayed using a uric acid kit (Pars Azmoon).

  Characteristics of Supplements 
 The multispecies probiotic supplement (ZistTakhmir Co., 

Tehran, Iran) consisted of 7 viable and freeze-dried strains:  L. aci-
dophilus  (2 × 10 9  CFU),  L. casei  (7 × 10 9  CFU),  L. rhamnosus  (1.5 × 
10 9  CFU),  L. bulgaricus  (2 × 10 8  CFU),  Bifidobacterium breve  (2 × 
10 10  CFU),  B. longum  (7 × 10 9  CFU),  Streptococcus thermophilus 
 (1.5 × 10 9  CFU), and 100 mg fructo-oligosaccharide with lactose 
as carrier substances. The placebo (the same substance without 
bacteria) was packed in identical capsules and coded by the pro-
ducer to guarantee blinding.

  Statistical Analysis 
 To ensure a normal distribution of variables, histogram and 

Kolmogrov-Smirnov tests were applied. We used paired-samples 
t tests to identify within-group differences (before and after inter-

vention). Student’s t test was used to detect differences between the 
two groups (placebo and probiotic supplement). p < 0.05 was con-
sidered statistically significant. All statistical analyses were per-
formed using the Statistical Package for Social Sciences version 17 
(SPSS Inc., Chicago, Ill., USA).

  Results 

 Among individuals in the placebo group, 3 patients 
(need for antibiotic treatment, n = 1; need for insulin 
therapy, n = 2) were excluded. Three patients in the mul-
tispecies probiotic group were excluded (chronic kidney 
disease, n = 1; supplement therapy, n = 1; need for insulin 
therapy, n = 1). Finally, 54 participants (placebo group, 
n = 27; probiotic group, n = 27) completed the trial ( fig. 1 ).

  No serious adverse reactions were reported following 
the consumption of multispecies probiotic supplements 
in patients with T2D throughout the study. Mean age and 
height were not significantly different between the two 
groups ( table  1 ). Furthermore, patients did not change 
the type and dosage of the medications they were taking 
throughout the study. Within-group comparisons re-
vealed no significant changes in weight and BMI after in-
tervention either in the placebo group or in the probiotic 
group. Baseline weight and BMI as well as their means 
after intervention were not significantly different be-
tween the probiotic and placebo groups.

  At the beginning of the study, no significant differ-
ences were found between the two groups in terms of di-
etary intakes. Comparing the dietary intakes in the run-in 
period and throughout the study separately in each group, 
we observed no significant within-group differences ex-
cept for vitamin E in the probiotic group ( table 2 ). Based 
on the 3-day dietary records throughout the study, no 
statistically significant difference was seen between the 
two groups in terms of dietary intakes of energy, fat, satu-
rated fatty acids, polyunsaturated fatty acids, monoun-
saturated fatty acids, cholesterol, dietary fiber, vitamins 
E and C, and selenium.

  At the study baseline, no significant differences were 
found between the two groups in terms of biochemical 
measures except for HbA 1 C concentrations, which were 
significantly higher in the probiotic group compared to 
placebo (7.71 ± 0.37 vs. 6.35 ± 0.3%, p = 0.007). Within-
group comparisons of FPG revealed that consumption of 
probiotic supplements in the intervention group prevent-
ed a rise in FPG, while in the placebo group we observed 
a significant increase in FPG (p = 0.002). When the mean 
changes in FPG were compared between the two groups, 
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there was a statistically significant difference (+28.8 ± 8.5 
for placebo vs. +1.6 ± 6 mg/dl for the probiotic group, 
p = 0.01) ( table 3 ). Despite the significant within-group 
increase in serum insulin levels in both the probiotic 
group (p = 0.02) and the placebo group (p < 0.001), we 
failed to find a significant difference in changes compar-

ing the two groups. For the HOMA-IR score, we observed 
a significant increase after intervention in both the pro-
biotic group (p = 0.02) and the placebo group (p = 0.001). 
Comparing the two groups, we found that the increase in 
HOMA-IR score in the placebo group was significantly 
greater than that in the probiotic group (+2.38 vs. +0.78, 
p = 0.03). Although a significant increase in serum LDL-
C and a significant reduction in serum HDL-C levels were 
seen after intervention in both groups (p < 0.05 for both), 
the changes were similar between the two groups. With-
in-group differences revealed a trend toward reduction in 
serum hs-CRP levels in the probiotic group after supple-
mentation (p = 0.09). The mean changes in serum hs-
CRP were significantly different between the two groups 
(–777.57 for probiotic vs. +878.72 ng/ml for the placebo 
group, p = 0.02). Probiotic supplementation led to a sig-
nificant increase in plasma GSH levels after intervention 
(p = 0.02). Comparing the two groups, we found that the 
increase in plasma GSH levels was significantly different 
from the changes in the placebo group (240.63 vs. –33.46 
μmol/l, p = 0.03). Although within-group differences rev-
eled a significant increase in plasma TAC levels in the 
placebo group (p = 0.002) and a trend toward elevation in 
the probiotic group (p = 0.06), we failed to find a signifi-
cant difference in changes between the two groups.

Assessed for eligibility (n = 70)

Randomized (n = 60)

Excluded (n = 10)

Allocated to intervention (n = 30) Allocated to control (n = 30)

Analyzed (n = 27) Analyzed (n = 27)

En
ro

llm
en

t
Al

lo
ca

tio
n

An
al

ys
is

  Fig. 1.  Summary of patient flow. 

Table 1.  General characteristics of the study participants

Placebo
(n = 27)

Probiotic
supplement
(n = 27)

pa

Age, years 52.59±7.14 50.51±9.82 0.37
Height, cm 155.59±7.09 154.55±7.64 0.60
Weight at study baseline,

kg 73.03±13.3 73.48±13.37 0.55
Weight at the end of the

trial, kg 72.42±11.42 73.48±13.37 0.75
BMI at study baseline 30.17±4.23 31.61±6.36 0.33
BMI at the end of the trial 29.91±4.27 30.96±6.39 0.48
Metformin use, n/day 1.9±1 1.8±1.3 0.72
Glibenclamide use, n/day 2.1±1.1 2.2±1 0.70

 Data are means ± SD.
a Obtained from an independent t test.

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f P
en

ns
yl

va
ni

a
16

5.
12

3.
34

.8
6 

- 
9/

28
/2

01
3 

9:
49

:2
1 

P
M



 Multispecies Probiotic Supplements and 
Diabetes 

Ann Nutr Metab 2013;63:1–9
DOI: 10.1159/000349922

5

  Discussion 

 Our study revealed that consumption of multispecies 
probiotic supplements compared with the placebo for 
8 weeks among patients with T2D patients reduced serum 
hs-CRP levels, increased plasma total GSH, and prevent-
ed a rise in FPG. In addition, the HOMA-IR score in-
creased in both groups and the increase in the placebo 

group was significantly greater than that in the probiotic 
group. Despite the significant within-group changes in 
serum insulin, LDL-C, HDL-C, and TAC levels, we found 
that the effect of probiotic supplements on serum insulin, 
lipid profiles, uric acid, and TAC levels was similar to that 
of placebo.

  To our knowledge, this study is the first reporting the 
effect of multispecies probiotic supplements on the meta-

Table 2.  Dietary intakes of study participants in the run-in period and throughout the study

 Placebo Probiotic supplement pb

run-in
(n = 27)

t hroughout the study
(n = 27)

pa run-in
(n = 27)

throughout the study
(n = 27)

pa

Energy, kcal/day 2,170±268 2,286±299 0.13 2,113±391 2,217±218 0.14 0.39
Fat, g/day 97.9±23.2 101.9±24.4 0.55 103.1±25.6 102.7±18.3 0.93 0.89
SFA, g/day 22.6±4 23.7±5.4 0.45 23.5±3.7 25.1±5.4 0.14 0.39
PUFA, g/day 46±14.8 44.7±14.6 0.74 48.5±13.1 43.6±8.7 0.10 0.75
MUFA, g/day 23.2±6.2 25.6±8.3 0.26 26.7±8.7 28.5±8.1 0.39 0.26
Cholesterol, mg/day 149.9±42.6 165.5±30.4 0.14 150.2±33.4 162.6±31.6 0.11 0.76
Dietary fiber, g/day 15±2.8 16.4±3.1 0.16 14.4±2.6 15.2±3.4 0.18 0.25
Vitamin E, mg/day 14.1±1.7 14.9±2.3 0.14 14.1±1.7 14.9±2.1 0.03 0.93
Vitamin C, mg/day 151.3±76.2 152.6±77 0.95 156.9±64 164.4±63.4 0.58 0.50
Selenium, μg/day 68.5±20.3 72.3±14.7 0.44 69.5±25.2 74.5±16.2 0.28 0.57

 Data are means ± SD. SFA = Saturated fatty acid; PUFA = polyunsaturated fatty acid; MUFA = monounsaturated fatty acid. a Ob-
tained from a paired t test. b Obtained from Student’s t test for the comparison of dietary intakes throughout the study between the two 
groups.

Table 3.  Within-group and between-group comparisons of metabolic profiles, hs-CRP, and biomarkers of oxidative stress after supple-
mentation

Placebo (n = 27) Probiotic supplement (n = 27) pb

week 0 week 8 change pa we ek 0 week 8 change pa

FPG, mg/dl 134.5±9.6 163.3±12 28.8±8.5 0.002 143.8±10.7 145.4±9.5 1.6±6 0.80 0.01
HbA1C, % 6.35±0.3 6.53±0.28 0.18±0.31 0.55 7.71±0.37 7.41±0.41 –0.3±0.37 0.42 0.32
Insulin, μIU/ml 5.82±1 9.93±1.51 4.11±0.91 <0.0001 5.7±0.8 7.74±1.11 2.04±0.82 0.02 0.09
HOMA-IR 2.03±0.44 4.41±0.88 2.38±0.65 0.001 1.98±0.33 2.76±0.44 0.78±0.31 0.02 0.03
Total cholesterol, mg/dl 164.6±10.1 177.8±6.6 13.2±8.9 0.15 171.3±9.4 176.2±7.4 4.9±6.9 0.48 0.46
Triglycerides, mg/dl 134±11.7 150.2±11.6 16.2±11.5 0.17 159.5±15.2 160.3±13.7 0.8±10.5 0.93 0.33
LDL-C, mg/dl 84.2±7.5 102.8±5.9 18.6±6.6 0.009 83.4±6.3 97.4±6.4 14±4.6 0.006 0.56
HDL-C, mg/dl 53.6±2.8 44.9±1.7 –8.7±2.2 0.001 56±3 46.8±2 –9.2±2.3 <0.0001 0.83
Total:HDL-C ratio 3.1±0.2 4±0.2 0.9±0.15 <0.0001 3±0.1 3.8±0.2 0.8±0.1 <0.0001 0.30
Hs-CRP, ng/ml 2,107.75±361.79 2,986.47±652.09 878.72±586.44 0.14 2,793.42±617.2 2,015.85±380.16 –777.57±441.7 0.09 0.02
TAC, mmol/l 870.06±30.75 955±28.06 84.94±24.32 0.002 925.3±41.59 1,005.27±40.49 79.97±41.8 0.06 0.91
GSH, μmol/l 750.5±60.72 717.04±40.06 –33.46±69.54 0.63 832.96±68.95 1,073.59±65.76 240.63±101.29 0.02 0.03
Uric acid, mg/dl 4.73±0.27 4.88±0.24 0.15±0.21 0.47 4.71±0.27 5.51±0.28 0.8±0.27 0.008 0.07

 Data are means ± SE. a Obtained from a paired t test for the within-group comparisons. b Obtained from an independent Student’s t test for the between-
group comparisons. 
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bolic profile of diabetic patients. The majority of diabetic 
patients have dyslipidemia, insulin resistance, increased 
levels of systemic inflammation and oxidative stress. An 
abnormal metabolic profile, proinflammatory factors, 
and oxidative stress in these patients could result in sev-
eral complications including an increased risk of CVD 
 [6] , development and progression of diabetic retinopa-
thy, neuropathy and nephropathy  [26] , and hypertension 
 [27] . Previously, the effect of probiotics on metabolic pro-
files in humans has been assessed in hyperlipidemic men 
 [28]  and healthy adults  [29] . Similar investigations have 
also been performed in animal models  [5, 30] . Although 
our findings revealed a preventive effect of multispecies 
probiotics on the rise of FPG, we could not find a promi-
nent beneficial effect of multispecies probiotic supple-
ments on the glycemic control of diabetic patients be-
cause it led to a significant increase in serum insulin levels 
and HOMA-IR; however, compared to the placebo group, 
these effects were much lower. Earlier studies have re-
ported beneficial effects of probiotics on serum insulin 
levels and insulin resistance. In a study by Naito et al.  [31]  
on diet-induced obesity mice, oral administration of 
 L. casei  resulted in an improvement of insulin resistance 
after 4 weeks. Similar findings have also been reported in 
several experimental studies  [32, 33] . Several strains of 
bacteria, such as Lactobacilli and Bifidobacterium,   have 
also been shown to improve glucose tolerance and insulin 
resistance in animal models  [32, 34] . In another study by 
Cani et al.  [32] , improved glucose tolerance and glucose-
induced insulin secretion was seen with the consumption 
of  Bifidobacterium  species in diabetic mice fed a high-fat 
diet. The same result was obtained with the consumption 
of  L. rhamnosus  GG in streptozotocin-induced diabetic 
rats after 4 weeks  [20] . As is clear from the above men-
tioned studies, most studies have been done on animals 
and limited data are available among humans. Further-
more, almost all previous studies have used monospecies 
probiotics. In the current study, increased serum insulin 
levels and HOMA-IR after intervention in both the pro-
biotic group and the placebo group might be attributed to 
the medications patients were taking. Although no chang-
es in medication use were seen throughout the study and 
both groups were matched at study baseline in terms of 
medication use, the medications were probably insuffi-
cient to affect insulin resistance. Furthermore, the dosage 
of probiotics taken seems inadequate to affect the insulin 
levels. Low compliance of the participants might also a 
reason. Beneficial effects of probiotics on FPG might re-
sult from alteration of the composition of the gut micro-
biota  [35] , their immunomodulatory effects  [36] , and im-

provement of intestinal integrity and reduction of the 
concomitant induction of Toll-like receptor (TLR)-4 sig-
naling  [37] . The different findings between our study and 
others can be explained by the type of probiotics used, the 
study design, and probably the different nature of the 
subjects. Further studies are required to determine the ef-
fect of multispecies probiotic supplements on the glyce-
mic control of diabetic patients.

  Despite a significant within-group increase in serum 
LDL-C and a decrease in serum HDL-C levels, these 
changes in lipid profiles were similar between the two 
groups. In vitro and in vivo studies on probiotics have 
reported beneficial effects on serum lipid profiles. In a 
study by Ejtahed et al.  [38] , consumption of probiotic yo-
gurt containing  L. acidophilus  and  B. lactis  resulted in a 
nonsignificant decrease in total cholesterol and LDL-C 
among patients with T2D after 6 weeks.  L. acidophilus-  
and  L. casei -containing food prevented a rise in lipid pro-
files in diabetic rats  [5] . Ingestion of 200 ml/day of a syn-
biotic shake containing 10 8  CFU/ml  L. acidophilus , 10 8  
CFU/ml  B. bifidum,  and 2 g oligofructose resulted in in-
creased serum HDL-C but did not affect serum total cho-
lesterol and triglycerides among elderly people  [39] . 
However, others failed to find any change in serum lipid 
profiles with probiotic yogurt consumption in the elderly 
 [40] . Consumption of probiotics also did not affect serum 
lipid profiles among normo-cholesterolemic  [41]  and hy-
perlipidemic men  [28] . In our study, increased serum 
LDL-C and decreased HDL-C levels in the probiotic 
group might have resulted from the elevation of serum 
insulin levels and insulin resistance. High insulin levels 
reduce the normal effects of insulin on lipids and lead to 
a reduced uptake of circulating lipids and increased hy-
drolysis of stored triglycerides. Increased mobilization of 
stored lipids in these cells would result in abnormal lipid 
profiles  [42] . Inconsistencies of our findings with differ-
ent studies could be explained by differences in the condi-
tions of the studied populations and the discrepancy in 
probiotic strains and dosages. Furthermore, discrepan-
cies in findings might be attributable to the different cul-
tures used. Some studies that have observed a significant 
effect on blood lipid profiles have used a dairy product. 
The beneficial effects of these products on lipid profiles 
might be explained by the fatty acid distribution and 
amount of sphingolipids in dairy products versus probi-
otics  [43] . Moreover, the calcium and protein content of 
dairy products might play a role. Even probiotic-free 
dairy products have been reported to influence serum lip-
id profiles. For instance, in a study by Smedman et al. 
 [44] , an inverse association between the consumption of 
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milk products and the LDL/HDL ratio was found. Over-
all, it seems that the effect of probiotics per se on serum 
lipid profiles might not be significant enough to intro-
duce these microorganisms as lipid-lowering agents.

  Our study demonstrated that consumption of probi-
otic supplements results in a significant reduction of se-
rum hs-CRP levels compared with placebo. Earlier, the 
effect of probiotics on serum hs-CRP had been reported 
among immunocompromised patients  [45] , pregnant 
women  [46] , and patients with rheumatoid arthritis  [47] . 
In immunocompromised patients, consumption of a 
combination of  L. casei, B. breve,  and prebiotic galacto-
oligosaccharides  [48]  as well as  B. longum   [49]  has been 
found to decrease serum hs-CRP levels. The same find-
ings have been reported with the consumption of probi-
otic yoghurt containing  L. acidophilus  and  B. animalis 
 among pregnant women after 9 weeks  [46] , administra-
tion of  B.  supplementation among patients undergoing 
resection for colorectal cancer  [22],  and probiotic bacte-
ria supplementation among patients with stage 3 and 4 
chronic kidney disease after 6 months  [50] . In our study, 
supplementation with multispecies probiotics resulted in 
a trend toward a decrease in serum hs-CRP levels. A high-
er dosage of probiotic bacteria and a long period of sup-
plementation might lead to additional benefits. Several 
mechanisms can explain the effects of probiotics on se-
rum hs-CRP levels. This effect might result from short-
chain fatty acids that are produced from probiotics in the 
colon  [51] . Produced short-chain fatty acids can result in 
decreased enzymatic synthesis of hepatic CRP. Further-
more, decreased serum CRP levels might also result from 
decreased expression of IL-6. In a study by Hegazy et al. 
 [19] , consumption of  L. delbruekii  and  L. fermentum  re-
sulted in decreased expression of IL-6 among patients 
with ulcerative colitis.

  We found that administration of multispecies probi-
otic supplements significantly increased plasma total GSH 
levels in diabetic patients; however, it did not affect plas-
ma TAC and serum uric acid levels. Such findings have 
also been reached with the consumption of  L. fermentum  

ME-3  [52]  and multispecies probiotics in rats  [53] . How-
ever, in our previous study in pregnant women  [54] , con-
sumption of probiotic yogurt containing two strains of 
 L. acidophilus  LA5 and  B. animalis  BB12 did not lead to a 
significant effect on GSH compared to conventional yo-
gurt. The difference in findings might be explained by dif-
ferences in the studied populations. The effects of multi-
species probiotics on GSH might result from enhanced 
glutamate-cysteine-ligase (GCL) activity, increased 
mRNA expression of GCL subunits, and increased syn-
thesis of GSH  [53] . Our findings regarding the effect of 
probiotics on TAC and serum uric acid are in contrast to 
those previously reported. Increased TAC levels in healthy 
volunteers  [18]  have been reported using different species 
of probiotics. In relation to serum uric acid, some studies 
have reported an increased level and others have reported 
a decreased level following probiotic administration  [55] . 
It seems that the effects of probiotics on biomarkers of 
oxidative stress are highly strain specific. The lack of a sig-
nificant effect on plasma TAC and serum uric acid levels 
in the present study could be explained by the different 
strains and dosage of bacteria strains we used.

  In conclusion, multispecies probiotic supplementa-
tion, compared with placebo, for 8 weeks among diabetic 
patients prevented a rise in FPG and resulted in a decrease 
in serum hs-CRP and an increase in plasma total GSH.
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