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pecially in the third trimester. Insulin resistance and 
elevated inflammatory factors during pregnancy can 
result in several complications in mother and fetus.9,10 
We revealed that supplementation of the synbiotic food 
significantly decreased serum insulin levels, HOMA-IR 
and HOMA-B and increased QUICKI score compared 
to the control food, but did not affect FPG levels com-
pared with the control food. The beneficial effects of 
synbiotics and probiotics on serum insulin levels and 
insulin resistance have previously been reported. Our 
previous study among diabetic patients showed that 
consumption of a synbiotic food containing Lactobacil-
lus sporogenes (27×107 CFU) and 1.08 g inulin results 
in a significant decrease in serum insulin levels after 
6 weeks compared with the control food, but did not 
affect HOMA-IR score.21 Supplementation of Lacto-

bacillus acidophilus for 4 weeks among type 2 diabetic 
patients also preserved insulin sensitivity compared 
with the placebo group.31 Improved glucose tolerance 
and insulin resistance has also been observed follow-
ing consumption of several strains of bacteria, such as 
Lactobacilli and Bifidobacterium in animal models.32-35 
The administration of Lactobacillus reuteri in high 
fructose-fed rats for 12 weeks significantly suppressed 
the elevation of serum glucose and insulin levels as well 
as improving insulin resistance.36 Improved glucose 
tolerance and glucose-induced insulin secretion was 
also seen with the consumption of Bifidobacterium in 
diabetic mice fed a high-fat diet.33 Besides individual 
probiotics, a combination of their strains has also been 
suggested as being advantageous in reducing the onset 
of insulin resistance and diabetes in animal models. 
Intake of probiotics VSL#3 containing Bifidobacteria, 
Lactobacilli and Streptococcus thermophilus for 4 
weeks in diabetic mice improved hepatic insulin resist-
ance.37 The same findings have also been registered 
by consumption of Bifidobacterium breve B-3 at 108 or 
109 CFU/d for 8 weeks in mice fed a high-fat diet35 and 
Lactobacillus casei 0.05% for 4 weeks in mice.38 As is 
clear from the abovementioned studies, most studies 
have been done on animal models and limited data are 
available among humans. However, the consumption 
of probiotic supplements did not affect FPG, serum 
insulin levels and HOMA-IR among patients with T2D 
after 8 weeks compared with the placebo.39 Several 
mechanisms possibly account for the beneficial effects 
of synbiotic food on serum insulin levels and insulin 
resistance. The effects on insulin sensitivity might be 
attributed to their impact on gene expression that 
results in adiposity.40 Furthermore, SCFA production, 
especially butyrate, by probiotics promoted the release 
of the hormone glucagon-like peptide-1 (GLP-1) from 
intestinal L-cells resulting in improved glucose toler-
ance.25 In addition, the effect of synbiotics on changes 
in levels of gut hormones like peptide YY (PYY),41 
activation of lipopolysaccharide toll-like receptor-242 
and changes in the intestinal barrier integrity43 might 
provide some reasons for their effects on circulating 
insulin levels and glycemic status.

We demonstrated that the synbiotic food con-
sumption does not affect serum hs-CRP levels. In line 
with our study, intake of synbiotic did not promote 
any significant changes in inflammatory cytokines in 

Table 4. Adjusted changes in glycemic status and serum hs-CRP 
in pregnant women who received either synbiotic or control foods

Control food 
(n=26)

Synbiotic food 
(n=26)

P

FPG (mg/dL)

Model 1* -0.41±3.04 -4.85±3.04 0.313

Model 2** -3.60±3.80 -1.66±3.80 0.724

Insulin, µIU/mL

Model 1 6.18±1.83 -0.09±1.83 0.020

Model 2 6.39±1.86 -0.30±1.86 0.016

HOMA-IR

Model 1 1.10±0.40 -0.09±0.40 0.044

Model 2 1.09±0.41 -0.09±0.41 0.052

HOMA-B

Model 1 34.04±9.88 5.47±9.88 0.049

Model 2 36.26±9.76 3.25±9.76 0.022

QUICKI

Model 1 -0.020±0.007 0.001±0.007 0.037

Model 2 -0.020±0.007 0.004±0.007 0.011

Hs-CRP, ng/mL

Model 1 -781.2±565.0 -764.2±565.0 0.983

Model 2 -107.3±630.7 -474.2±630.7 0.512

P-values obtained from ANCOVA.
FPG: Fasting plasma glucose; HOMA-IR: Homeostasis model 
of assessment-insulin resistance; HOMA-B: Homeostatic model 
assessment-Beta cell function; QUICKI: Quantitative insulin sen-
sitivity check index; Hs-CRP: High sensitivity C-reactive protein.
*Adjusted for baseline values (data are means± standard error), 
**Adjusted for maternal age (data are means± standard error).


