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Abstract
This study was conducted to evaluate the effects of synbiotic supplementation on metabolic profiles in diabetic patients under-
going hemodialysis (HD). This randomized, double-blinded, placebo-controlled clinical trial was performed in 60 diabetic HD
patients. Participants were randomly assigned into two groups to receive either synbiotic capsule, containing Lactobacillus
acidophilus, Lactobacillus casei, and Bifidobacterium bifidum (2 × 109 CFU/g each), plus 0.8 g/day of inulin (n = 30) or placebo
(n = 30) for 12 weeks. Synbiotic supplementation significantly decreased fasting plasma glucose (β − 13.56 mg/dL; 95% CI, −
23.82, − 3.30; P = 0.01), insulin levels (β − 5.49 μIU/mL; 95% CI, − 6.92, − 4.05; P < 0.001), and insulin resistance (β − 2.25;
95% CI, − 3.02, − 1.48; P < 0.001), while increased the quantitative insulin sensitivity check index (β 0.02; 95% CI, 0.01, 0.02;
P < 0.001) compared with the placebo. Additionally, synbiotic intake resulted in a significant reduction in high-sensitivity C-
reactive protein (β − 2930.48 ng/mL; 95% CI, − 3741.15, − 2119.80; P < 0.001) and malondialdehyde levels (β − 0.60 μmol/L;
95% CI, − 0.99, − 0.20; P = 0.003). Moreover, we found a significant increase in total antioxidant capacity (β 142.99 mmol/L;
95% CI, 61.72, 224.25; P = 0.001) and total glutathione levels (β 131.11 μmol/L; 95% CI, 89.35, 172.87; P < 0.001) in the
synbiotic group compared with the placebo group. Overall, synbiotic supplementation for 12 weeks had beneficial effects on
glycemic control, biomarkers of inflammation, and oxidative stress in diabetic patients under HD. This study was registered in the
Iranian website (www.irct.ir) for registration of clinical trials (http://www.irct.ir: IRCT2017090133941N17). http://www.irct.ir:
IRCT2017090133941N17.
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Introduction

Diabetes mellitus is associated with a chronic inflammatory
state and accounts as a major cause of end-stage renal disease
(ESRD) [1]. The risk of cardiovascular events is higher in
diabetic patients compared to non-diabetics with ESRD [2].
Several factors including insulin resistance, elevated reactive
oxygen species (ROS), decreased antioxidant defense, infec-
tion, and comorbid conditions such as hypertension exacer-
bate the inflammatory status in patients undergoing hemodi-
alysis (HD) [3]. Recently, it has stated that the intestinal tract
and microbiota may play an important role in the systemic
inflammation detected in patients under HD [4].

Probiotics are Blive strains of strictly selected microorgan-
isms, when administered in adequate amounts can confer a
health benefit in the host^ [5]. Prebiotics are nonviable food
component that confer a health benefit throughmodulating the
host’s microbiota [5]. Synbiotics describe as a combination of
synergistically acting probiotics and prebiotics [6]. The use of
synbiotic for a number of metabolic disorders, including met-
abolic syndrome and diabetes, has recently received much
attention. Therapeutic interventions to target the intestinal mi-
crobiota are promising areas of investigation in diabetic pa-
tients undergoing HD. In addition, diabetic HD patients are in
a particular state of health and this can be affected by the
beneficial effects of synbiotics or any medical intervention.
A study conducted in ESRD patients under HD therapy has
shown that synbiotic compounds could balance the intestinal
microbiota through increasing the number of Bifidobacterium
[7]. The beneficial effects of synbiotic supplementation have
been demonstrated on insulin metabolism in patients with type
2 diabetes mellitus (T2DM) [8], non-alcoholic fatty liver dis-
ease (NAFLD) [9], rheumatoid arthritis (RA) [10], and over-
weight and obesity [11]. In addition, we have also reported
that synbiotic consumption in diabetic patients significantly
improved glucose homeostasis parameters [12], although oth-
er researchers failed to find any glycemic improvement in
response to ingesting synbiotic supplements in diabetic pa-
tients [13, 14].

The effects of synbiotics on lipid profiles in patients with
metabolic disorders are controversial. Eslamparast et al. [15]
reported that synbiotics supplementation for 28 weeks im-
proved triglycerides and total- and HDL-cholesterol in pa-
tients with metabolic syndrome (MetS), yet did not affect
LDL-cholesterol levels. Moreover, synbiotic intake in healthy
young volunteers significantly reduced triglycerides and total-
and LDL-cholesterol, while increased HDL-cholesterol levels
[16]. Conversely, we did not observe any beneficial effect on
lipid profiles following synbiotic supplementation in patients
with RA [10]. The favorable effects of synbiotics and
probiotics on metabolic profiles may be due to the microbial
production of short-chain fatty acids (SCFA), which in turn
results in increasing glucagon-like peptide-1 (GLP-1) and

inhibits postprandial hyperglycemia [17]. Moreover,
probiotics may suppress inflammation and oxidative stress
by inhibiting lipid peroxidation, modulating the pattern of
cytokine secretion from a pro-inflammatory to an anti-
inflammatory state and preserving the activity of antioxidant
enzymes [18]. However, data investigating the impact of
synbiotic on glycemic control, lipid profiles, biomarkers of
inflammation, and oxidative stress in diabetic patients under-
going HD are scarce. Therefore, this study was aimed to de-
termine the effects of synbiotic supplementation on metabolic
profiles of diabetic patients under HD.

Methods

Trial Design and Study Participants

This study was registered in the Iranian website for clinical
trials (http://www.irct.ir: IRCT2017090133941N17). It was a
randomized, double-blinded, placebo-controlled clinical trial.
This investigation was conducted in 60 diabetic patients un-
dergoing HD, 18 to 80 years old, and had been referred to the
Akhavan Clinic in Kashan, Iran, between November 2017 and
February 2018. The investigation was performed following
the Declaration of Helsinki and informed consent was taken
from all participants. This study was approved by the ethics
committee of Kashan University of Medical Sciences
(KAUMS). Pregnant women, taking probiotic and/or
synbiotic supplements, antioxidant and/or anti-inflammatory
supplements within the last 3 months prior to the enrollment in
the study; patients who required medications adjustment dur-
ing the study; and those who had recently been diagnosed with
T1DM or T2DM were excluded from the study.

Study Design

At first, participants were matched based on sex, duration of
dialysis and diabetes, BMI, and age. Patients were requested
not to change their routine physical activity or usual diets
throughout the study and not take any anti-inflammatory and
antioxidant medications or supplements during the 12-week
intervention which might affect the results of the study.
Consumption of synbiotic supplements and placebos was
monitored through asking subjects to return the medication
containers. Furthermore, a short message was being sent to
all participants’ cell phones every day to remind them using
the supplements. A 3-day food record (one weekend day and
two weekdays) and physical activity records were completed
by all participants. The individual’s nutrient intake was then
calculated and averaged at weeks 0, 3, 6, 9, and 12 of the
intervention using Nutritionist IV software (First Databank,
San Bruno, CA), the version which is modified for Iranian
foods.

Probiotics & Antimicro. Prot.

http://www.irct.ir


Intervention

To have more appropriate function, the strains used in probiotic
supplements for human consumption should be derived from
the human intestinal tract, well characterized, able to survive the
rigors of the digestive tract and colonized, biologically active
against the target, and stable and amenable for commercial
production and distribution [19]. These are the basic minimal
criteria that should be considered in a high-quality probiotic
supplement. Little was known about the ideal choice and the
dosage of synbiotic used for diabetic patients undergoing HD,
so we selected the supplement and its dose based on previous
published studies in diabetic patients with coronary heart dis-
ease [20] and overweight children [21]. In these trial cases (n =
30) received a synbiotic capsule containing Lactobacillus
acidophilus, Lactobacillus casei, and Bifidobacterium bifidum
(2 × 109 CFU/day each) plus 0.8 g/day of inulin for 12 weeks.
Synbiotic supplements and placebos (corn starch) were pro-
duced by Tak Gen Zist Pharmaceutical Company, Tehran,
Iran, and approved by the Food and Drug Administration.

Assessment of Anthropometric Measures

A trained staff took anthropometric measurements at the clinic
at baseline and after 12 weeks of intervention. Body weight
was measured after an overnight fast, using a calibrated digital
scale (Seca, Hamburg, Germany).

Assessment of Outcomes

In the current study, the homeostasis model of assessment-insulin
resistance (HOMA-IR) was considered as the primary outcome.
Lipid profiles, biomarkers of inflammation, and oxidative stress
were assessed as secondary outcomes. Fasting blood samples
were collected at the beginning and 12 weeks after the interven-
tion (10 mL/sample) at Kashan reference laboratory and centri-
fuged to separate serum. Then, the samples were stored at −
80 °C until analysis. Serum insulin concentrations were mea-
sured using an ELISA kit (DiaMetra, Milano, Italy) with inter-
and intra-assay coefficient variances (CVs) of less than 5%.
HOMA-IR and the quantitative insulin sensitivity check index
(QUICKI) were determined according to the standard formulas
[22]. Enzymatic kits (Pars Azmun, Tehran, Iran) were used to
quantify fasting plasma glucose (FPG), serum triglycerides,
VLDL-, total-, LDL-, and HDL-cholesterol concentrations with
inter- and intra-assay CVs of less than 5%. Serum hs-CRP con-
centrations weremeasured using a commercial ELISA kit (LDN,
Nordhorn, Germany) with inter- and intra-assay CVs of less than
7%. Plasma nitric oxide (NO) using Griess method [23], total
antioxidant capacity (TAC) by ferric reducing antioxidant power
method, developed by Benzie and Strain [24], total glutathione
(GSH) using Beutler et al.’s method [25], and malondialdehyde
(MDA) concentrations were measured using thiobarbituric acid

reactive substances spectrophotometric test [26] with inter- and
intra-assay CVs of less than 5%.

At baseline, subjective global assessment (SGA) question-
naire was explained for the participants and completed
through face-to-face interview by the main investigator of this
study (Z.A). This process was repeated by the same person at
the end of the intervention. Then, SGA classifications were
converted into numerical equivalents: a score of < 10 points
was regarded as well nourished; 10–17 points, at risk for mal-
nutrition or mildly to moderately malnourished; and scores of
more than 17 points, severely malnourished [27].

Sample Size

We used randomized clinical trial sample size calculation for-
mula, where type one (α) and type two errors (β) were consid-
ered as 0.05 and 0.20 (power = 80%), respectively. According
to the previous published trial [28], we used 1.80 as the SD and
1.45 as the mean change (d) of HOMA-IR which was the
primary outcome. Using sample size calculation formula, 25
participants were required in each group; allowing for 5 prob-
able dropouts in each group, the final sample size was calculat-
ed as 30 participants in each intervention group.

Randomization

Participants were randomized using computer-generated ran-
dom numbers. Randomization and allocation were concealed
from both researchers and patients until the completion of
final analyses. The randomized allocation sequence, enrolling
participants, and allocating them to interventions were con-
ducted by a trained nutritionist in dialysis clinic.

Statistical Methods

The Kolmogorov-Smirnov test was conducted to deter-
mine the normality of data. To detect the differences in
anthropometric measures and dietary intakes between
treatment groups, we used independent-samples t test.
Multiple linear regression models were applied to assess
treatment effects on study outcomes, after adjusting for
confounding parameters including age and BMI. The effect
sizes were presented as the mean differences with 95%
confidence intervals. P values < 0.05 were considered sta-
tistically significant. All statistical analyses were conduct-
ed using the Statistical Package for Social Science version
18 (SPSS Inc., Chicago, IL, USA).

Results

All 60 participants (30 in each group) completed the trial (Fig.
1). The compliance rate was high, since more than 90% of
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synbiotic and placebo capsules were taken by study participants
during the course of the intervention in both groups. No side
effects were reported following the consumption of synbiotic in
diabetic patients undergoing HD throughout the study.

At the beginning of the trial, study participants in two in-
tervention groups were comparable in terms of their gender,
mean age, height, weight, BMI, and years of dialysis.
Moreover, there was a significant difference between two
groups in their weight (P = 0.02) and BMI (P = 0.02) change
(Table 1). The reported consumption of anti-diabetic or anti-
lipidemic drugs, angiotensin-converting enzyme inhibitors,
aldosterone receptor blockers, phosphate binders, residual re-
nal function at baseline and rate of CVD, cerebrovascular
disease, hypertension, kidney stone, and cancer at baseline
were not statistically different between two intervention
groups at baseline or end of the trial.

We found no significant change in dietary macronutrient in-
takes, total dietary fiber, and total sugar intake throughout the
intervention, using 3-day dietary records (Supplemental file 1).

After 12-week intervention, synbiotic supplementation sig-
nificantly decreased FPG (β − 13.56 mg/dL; 95% CI, − 23.82,
− 3.30; P = 0.01), serum insulin levels (β − 5.49 μIU/mL;
95% CI, − 6.92, − 4.05; P < 0.001), HOMA-IR (β − 2.25;
95% CI, − 3.02, − 1.48; P < 0.001), and HbA1c (β − 0.44%;
95% CI, − 0.79, − 0.09; P = 0.01) and significantly increased
QUICKI (β 0.02; 95% CI, 0.01, 0.02; P < 0.001) compared
with the placebo (Table 2). Moreover, synbiotic supplementa-
tion resulted in a significant reduction in serum hs-CRP (β −
2930.48 ng/mL; 95% CI, − 3741.15, − 2119.80; P < 0.001)
and plasma MDA levels (β − 0.60 μmol/L; 95% CI, − 0.99,
− 0.20; P = 0.003), while a significant increase in plasma TAC
(β 142.99 mmol/L; 95% CI, 61.72, 224.25; P = 0.001) and

GSH levels (β 131.11 μmol/L; 95% CI, 89.35, 172.87;
P < 0.001) was observed compared with the placebo.
Synbiotic supplementation did not affect other metabolic
parameters.

Discussion

In the current study, we investigated the effects of synbiotic
supplementation on metabolic profiles in diabetic patients un-
dergoing HD. We found that taking synbiotic for 12 weeks by
diabetic patients undergoing HD significantly improved
health parameters, including glycemic control, biomarkers of
inflammation, and oxidative stress, but did not significantly
affect lipid profiles. We have previously reported beneficial
effects of probiotic supplementation containing Lactobacillus
acidophilus, Lactobacillus casei, and Bifidobacterium
bifidum in diabetic patients under HD [29]; however, the syn-
ergistic immunomodulatory and anti-inflammatory effects of
probiotics and inulin might improve the impact of probiotics
on clinical and metabolic symptoms of these patients. Indeed,
the effect sizes of 0.47, 0.35, 0.41, 0.11, 0.48, 0.15, 0.05, and
0.14 for FPG, insulin, HOMA-IR, QUICKI, HbA1c, hs-CRP,
TAC, MDA, and SGA scores in this study were generally
higher than the effects observed in the previous study with
probiotics alone, with the effect sizes of 0.12, 0.29, 0.30,
0.29, 0.08, 0.07, 0.08, 0.11, and 0.10, respectively [29].

Effects on Glycemic Control and Lipid Profiles

The findings of this study showed that taking synbiotic sup-
plements for 12 weeks by diabetic patients under HD
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Lost to follow-up (n=0)
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significantly increased weight and BMI. In a meta-analysis
conducted by Million et al. [30], Lactobacillus acidophilus
administration led to significant weight gain in both humans
and animals models. In an animal study conducted by Heo
et al. [31], gut microbiota, modulated by probiotics and
Garcinia cambogia extract, was associated with weight gain.
The significant association between protein-energy wasting
leading to weight loss and mortality in patients undergoing
maintenance HD therapy is well documented [32, 33].
Moreover, there is an increased risk of hospitalization among
patients under HD who are underweight [34]. Probiotic sup-
plementation might promote weight gain by altering intestinal
flora [35]; however, current evidence is still controversial [36].
In the current study, synbiotic supplementation for 12 weeks
to diabetic patients under HD resulted in a significant reduc-
tion in FPG, insulin, and HOMA-IR and an increase in
QUICKI score, but did not affect lipid profiles. These im-
provements in glucose homeostasis might be contributed to
the observed weight gain in our study. Consistent with our
findings, a 28-week synbiotic supplementation with 2 ×
108 CFU/day of seven strains of bacteria (Lactobacillus casei,
Lactobacillus rhamnosus, Streptococcus thermophilus,
Bifidobacterium breve , Lactobacillus acidophilus ,
Bifidobacterium longum, and Lactobacillus bulgaricus) and
prebiotics (250 mg fructooligosaccharide) significantly im-
proved glucose metabolism in patients with MetS [15].
Furthermore, in a meta-analysis conducted by Hadi et al. [9],
synbiotic supplementation to NAFLD patients decreased
fasting glucose and insulin levels, yet did not change
HOMA-IR. In contrast to what we found, Rajkumar et al.

[16] reported that probiotic intake containing 2 × 109 CFU/
day Lactobacillus salivarius alone or in combination with
fructooligosaccharide (10 g/day) to healthy volunteers for
6 weeks decreased triglycerides and total- and LDL-
cholesterol and increased HDL-cholesterol levels.
Furthermore, consumption of a synbiotic containing
Lactobacillus acidophilus and Bifidobacterium bifidum
(108 CFU/day) plus oligofructose by elderly patients with
T2DM increased HDL-cholesterol concentrations [37]. The
absence of beneficial effects of synbiotics on lipid profiles in
our study might be due to the difference in study participants,
baseline levels of measured markers, dosage, and type of pro-
biotic and prebiotic used.

Insulin resistance and hyperglycemia might increase
the risk of protein-energy malnutrition, as well as car-
diovascular morbidity and mortality in patients with
ESRD [38, 39]. Therefore, improved glucose homeosta-
sis might prevent malnutrition, inflammation, and ath-
erosclerosis syndrome, the latter being one of the most
important phenomenon in patients undergoing HD treat-
ment. Promising effects of synbiotics on glycemic con-
trol might be due to increased production of SCFA,
especially butyrate that increases fatty acid beta-
oxidation and GLP-1 secretion [17], and modulates the
expression of lipogenic and glucogenic gene such as
peroxisome proliferator-activated receptor gamma, glu-
cose transporter type 4, and glucose-6-pohspahtase
[18]. Probiotics also might decrease toll-like receptor
activity, which in turn reduces muscle insulin resistance
caused by inflammatory signaling pathway [40].

Table 1 General characteristics
of study participants Placebo group (n = 30) Synbiotic group (n = 30) P1

Gender (%)

Male 21 (70.0) 21 (70.0) 1.00†

Female 9 (30.0) 9 (30.0)

Type of diabetes (%)

Type 1 2 (6.7) 2 (6.7) 1.00†

Type 2 28 (93.3) 28 (93.3)

Age (years) 62.8 ± 14.8 62.8 ± 12.7 0.98

Height (cm) 161.4 ± 10.5 164.8 ± 11.0 0.22

Weight at study baseline (kg) 70.3 ± 14.3 71.9 ± 15.8 0.68

Weight at end-of-trial (kg) 69.8 ± 13.9 72.6 ± 15.4 0.47

Weight change (kg) − 0.5 ± 1.9 0.7 ± 2.0 0.02

BMI at study baseline (kg/m2) 26.9 ± 4.7 26.4 ± 5.4 0.70

BMI at end-of-trial (kg/m2) 26.7 ± 4.6 26.7 ± 5.4 0.96

BMI change (kg/m2) − 0.2 ± 0.7 0.3 ± 0.8 0.02

Years on dialysis 3.9 ± 1.2 3.6 ± 1.1 0.50

Data are means ± SDs
1Obtained from independent t test
†Obtained from Pearson’s chi-square test
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Effects on Biomarkers of Inflammation and Oxidative
Stress

Current findings showed that the consumption of synbiotic by
diabetic patients under HD significantly reduced hs-CRP and
MDA and significantly increased TAC and GSH, but did not
significantly change NO levels. There are discrepant results
reporting different effects of synbiotic supplementation on
biomarkers of inflammation and oxidative stress. Consistent
with our findings, Kleniewska et al. [41] observed that taking
synbiotic supplements containing 4 × 108 CFU/day
Lactobacillus casei and 400 mg inulin for 7 weeks by healthy
volunteers significantly improved MDA and GSH concentra-
tions. Moreover, in a meta-analysis conducted by Hadi et al.
[9], synbiotic supplementation to NAFLD patients led to a
significant reduction in hs-CRP levels. Others have reported
that prebiotic and probiotic supplementation decreased oxida-
tive stress [42, 43], while some of them failed to detect a
significant effect of probiotics on antioxidant status [44, 45].
Our previous study indicated that synbiotic supplementation

containing three probiotic bacteria species Lactobacillus
acidophilus, Lactobacillus casei, and Bifidobacterium
bifidum (2 × 109 CFU/g each) plus 800 mg inulin significantly
reduced hs-CRP andMDA and increased NO levels in diabet-
ic patients, but did not affect other antioxidant markers [20]. In
contrast to our findings, synbiotic supplementation did not
decrease hs-CRP levels in women with polycystic ovary syn-
drome [46] or overweight children [21]. High serum levels of
CRP in patients under HD are associated with all-cause and
CVD mortality [47]. Inflammation and elevated oxidative
stress presented in ESRD patients aggravate disease condition
and are associated with a large number of ESRD complica-
tions, including protein-energy wasting and atherosclerosis
[48]. Current evidence has demonstrated that probiotic and
synbiotic intake may decrease the production of pro-
inflammatory cytokines, inhibit lipid peroxidation such as
MDA, and increase the activity of antioxidant enzymes [18].
In the current study, we observed a significant reduction in
inflammation after synbiotic ingestion which was accompa-
nied by the activation of G protein-coupled receptor 41 and

Table 2 Metabolic profiles, biomarkers of inflammation, and oxidative stress at study baseline and after the 12-week intervention in patients with
diabetic hemodialysis that received either synbiotic supplements or placebo

Variables Placebo group (n = 30) Synbiotic group (n = 30) Difference in outcome measures between
synbiotic and placebo treatment groups1

Baseline Week 12 Baseline Week 12 β (95% CI) P2

FPG (mg/dL) 121.5 ± 43.9 128.2 ± 47.4 123.2 ± 57.6 115.9 ± 43.0 − 13.56 (− 23.82, − 3.30) 0.01

Insulin (μIU/mL) 17.7 ± 9.1 18.9 ± 8.3 18.7 ± 6.1 14.2 ± 6.5 − 5.49 (− 6.92, − 4.05) < 0.001

HOMA-IR 5.5 ± 3.9 6.1 ± 4.1 6.1 ± 4.4 4.4 ± 3.3 − 2.25 (− 3.02, − 1.48) < 0.001

QUICKI 0.30 ± 0.02 0.30 ± 0.03 0.30 ± 0.02 0.32 ± 0.02 0.02 (0.01, 0.02) < 0.001

HbA1c (%) 6.2 ± 0.9 6.1 ± 1.1 6.4 ± 1.3 5.9 ± 1.1 − 0.44 (− 0.79, − 0.09) 0.01

Triglycerides (mg/dL) 137.5 ± 56.6 141.6 ± 64.3 131.5 ± 52.8 123.3 ± 44.7 − 12.52 (− 27.62, 2.57) 0.10

VLDL-cholesterol (mg/dL) 27.5 ± 11.3 28.3 ± 12.9 26.3 ± 10.5 24.7 ± 8.9 − 2.50 (− 5.52, 0.51) 0.10

Total cholesterol (mg/dL) 140.2 ± 41.7 143.0 ± 42.4 142.6 ± 46.1 138.8 ± 30.7 − 5.41 (− 16.98, 6.16) 0.35

LDL-cholesterol (mg/dL) 75.4 ± 37.7 79.3 ± 38.6 84.2 ± 42.8 85.0 ± 30.6 0.18 (− 11.40, 11.77) 0.97

HDL-cholesterol (mg/dL) 37.3 ± 8.5 35.4 ± 9.7 32.0 ± 8.9 29.1 ± 7.7 − 1.96 (− 4.88, 0.94) 0.18

Total-/HDL-cholesterol ratio 3.9 ± 1.3 4.4 ± 2.5 4.6 ± 1.5 5.0 ± 1.5 − 0.10 (− 0.86, 0.66) 0.79

hs-CRP (ng/mL) 5091.0 ± 2700.0 5627.5 ± 2906.6 6008.3 ± 3133.7 3396.7 ± 2562.9 − 2930.48 (− 3741.15, − 2119.80) < 0.001

NO (μmol/L) 62.2 ± 16.7 62.6 ± 22.6 63.5 ± 13.5 65.9 ± 13.4 2.88 (− 4.89, 10.66) 0.46

TAC (mmol/L) 1233.3 ± 295.8 1183.7 ± 231.9 1223.2 ± 224.5 1318.8 ± 236.7 142.99 (61.72, 224.25) 0.001

GSH (μmol/L) 564.4 ± 221.2 513.8 ± 172.4 654.9 ± 32.6 702.9 ± 56.4 131.11 (89.35, 172.87) < 0.001

MDA (μmol/L) 3.1 ± 1.0 3.2 ± 1.1 2.4 ± 0.7 2.1 ± 0.6 − 0.60 (− 0.99, − 0.20) 0.003

SGA score 10.5 ± 2.3 10.6 ± 2.3 9.7 ± 2.7 8.6 ± 2.3 − 1.5 (− 2.31, − 0.76) < 0.001

Data are mean ± SDs
1 BOutcome measures^ refer to the change in values of measures of interest between baseline and week 12. β (difference in the mean outcome measures
between treatment groups (synbiotic group = 1 and placebo group = 0))
2 Obtained from multiple regression model (adjusted for baseline values of each biochemical variables, age, and baseline BMI)

FPG, fasting plasma glucose; GSH, total glutathione; HOMA-IR, homeostasis model of assessment-insulin resistance; HDL-cholesterol, high-density
lipoprotein-cholesterol;Hs-CRP, high-sensitivity C-reactive protein; LDL-cholesterol, low-density lipoprotein-cholesterol;MDA, malondialdehyde;NO,
nitric oxide; QUICKI, quantitative insulin sensitivity check index; VLDL-cholesterol, very low-density lipoprotein-cholesterol; SGA, subjective global
assessment; TAC, total antioxidant capacity
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GPR43 [49], and reduction of the activity of nuclear factor-κB
[50]. The up-regulation of gene expression of interleukin-18
by SCFA [51] and increased production of methylketones
family in the colon, following the intake of synbiotic, [52]
might explain its anti-inflammatory effects. Unfortunately,
we did not measure SCFA levels in the current study as a
mechanism for the observed effects, but this measurement is
recommended in future studies.

This study had several limitations. We were not able to
measure fecal bacteria loads before and after probiotic supple-
mentation. Due to lack of appropriate funding, we could not
quantify circulating interleukin-6 and tumor necrosis factor-α
levels and gene expression related to insulin and inflammation
signaling pathway in diabetic patients under HD. In addition,
we did not measure SCFA and GLP-1 levels as a mechanism
for the observed effects. In the current study, all participants
were from a limited area and similar genetics. Renal and met-
abolic health, among all health parameters, was associated
with many factors including genetics. This should be consid-
ered in our findings interpretation.

Conclusions

Overall, we found that taking synbiotic for 12 weeks by dia-
betic patients undergoing HD significantly improved health
parameters, including glycemic control and biomarkers of in-
flammation and oxidative stress, but did not significantly af-
fect lipid profiles. Our findings suggest that synbiotic supple-
mentation may be relevance valuable therapeutic agent for
diabetic patients undergoing HD. Further research is recom-
mended to confirm the beneficial effects of synbiotic supple-
mentation in other populations.

Acknowledgements The present study was supported by a grant from
the Vice-chancellor for Research, KAUMS, and Iran. The authors would
like to thank the staff ofAkhavan Clinic (Kashan, Iran) for their assistance
in this project. The authors of this study would like to appreciate Dr.
Naghmeh Mirhosseini for a scientific review and edition of the paper.

Author Contributions ZA: Conception, design, and statistical analysis,
drafting of the manuscript, and supervised the study.

AS, AM, MZ-M, FB, EA, VO, and MT-E: data collection and manu-
script drafting.

Funding The research grant provided by Research Deputy of Kashan
University of Medical Sciences (KAUMS).

Compliance with Ethical Standards

Ethics Approval and Consent to Participate All procedures performed
in studies involving human participants were in accordance with the
ethical standards of the institutional and national research committee
and with the 1964 Helsinki declaration and its later amendments.

Consent for Publication Not applicable.

Availability of Data and Material The primary data for this study is
available from the authors on direct request.

Competing Interests The authors declare that they have no conflict of
interest.

Abbreviations ESRD, end-stage renal disease; FPG, fasting plasma glu-
cose; GLP1, glucagon-like peptide-1; GSH, total glutathione; HD, hemo-
dialysis; HOMA-IR, homeostasis model of assessment-insulin resistance;
HDL-cholesterol, high-density lipoprotein-cholesterol; hs-CRP, high-
sensitivity C-reactive protein; LDL-cholesterol, low-density lipoprotein-
cholesterol; MDA, malondialdehyde; NO, nitric oxide; QUICKI, quanti-
tative insulin sensitivity check index; SCFA, short-chain fatty acids;
SGA, subjective global assessment; T2DM, type 2 diabetes mellitus;
TAC, total antioxidant capacity; VLDL-cholesterol, very-low-density li-
poprotein-cholesterol

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Sabatino A, Regolisti G, Cosola C, Gesualdo L, Fiaccadori E
(2017) Intestinal microbiota in type 2 diabetes and chronic kidney
disease. Curr Diab Rep 17:16. https://doi.org/10.1007/s11892-017-
0841-z

2. Whaley-Connell A, Sowers JR (2017) Insulin resistance in kidney
disease: is there a distinct role separate from that of diabetes or
obesity? Cardiorenal Med 8:41–49. https://doi.org/10.1159/
000479801

3. March DS, Graham-BrownMP, Stover CM, BishopNC, Burton JO
(2017) Intestinal barrier disturbances in haemodialysis patients:
mechanisms, consequences, and therapeutic options. Biomed Res
Int 2017:5765417–5765411. https://doi.org/10.1155/2017/
5765417

4. Chen Z, Zhu S, Xu G (2016) Targeting gut microbiota: a potential
promising therapy for diabetic kidney disease. Am J Transl Res 8:
4009–4016

5. Markowiak P, Slizewska K (2017) Effects of probiotics, prebiotics,
and synbiotics on human health. Nutrients 9. https://doi.org/10.
3390/nu9091021

6. Krumbeck JA, Maldonado-Gomez MX, Ramer-Tait AE, Hutkins
RW (2016) Prebiotics and synbiotics: dietary strategies for improv-
ing gut health. Curr Opin Gastroenterol 32:110–119. https://doi.org/
10.1097/MOG.0000000000000249

7. Cruz-Mora J,Martinez-Hernandez NE,Martin del Campo-Lopez F,
Viramontes-Hörner D, Vizmanos-Lamotte B, Muñoz-Valle JF,
García-García G, Parra-Rojas I, Castro-Alarcón N (2014) Effects
of a symbiotic on gut microbiota inMexican patients with end-stage
renal disease. J Ren Nutr 24:330–335. https://doi.org/10.1053/j.jrn.
2014.05.006

8. Asemi Z, Alizadeh SA, Ahmad K, Goli M, Esmaillzadeh A (2016)
Effects of beta-carotene fortified synbiotic food on metabolic con-
trol of patients with type 2 diabetes mellitus: a double-blind ran-
domized cross-over controlled clinical trial. Clin Nutr 35:819–825.
https://doi.org/10.1016/j.clnu.2015.07.009

9. Hadi A, Mohammadi H, Miraghajani M, Ghaedi E (2018) Efficacy
of synbiotic supplementation in patients with nonalcoholic fatty
liver disease: a systematic review and meta-analysis of clinical tri-
als. Crit Rev Food Sci Nutr 27:1–12. https://doi.org/10.1080/
10408398.2018.1458021.

10. Zamani B, Farshbaf S, Golkar HR, Bahmani F, Asemi Z (2017)
Synbiotic supplementation and the effects on clinical and metabolic

Probiotics & Antimicro. Prot.

https://doi.org/10.1007/s11892-017-0841-z
https://doi.org/10.1007/s11892-017-0841-z
https://doi.org/10.1159/000479801
https://doi.org/10.1159/000479801
https://doi.org/10.1155/2017/5765417
https://doi.org/10.1155/2017/5765417
https://doi.org/10.3390/nu9091021
https://doi.org/10.3390/nu9091021
https://doi.org/10.1097/MOG.0000000000000249
https://doi.org/10.1097/MOG.0000000000000249
https://doi.org/10.1053/j.jrn.2014.05.006
https://doi.org/10.1053/j.jrn.2014.05.006
https://doi.org/10.1016/j.clnu.2015.07.009
https://doi.org/10.1080/10408398.2018.1458021.
https://doi.org/10.1080/10408398.2018.1458021.


responses in patients with rheumatoid arthritis: a randomised, dou-
ble-blind, placebo-controlled trial. Br J Nutr 117:1095–1102.
https://doi.org/10.1017/S000711451700085X

11. Beserra BT, Fernandes R, do Rosario VA, Mocellin MC, Kuntz
MG, Trindade EB (2015) A systematic review and meta-analysis
of the prebiotics and synbiotics effects on glycaemia, insulin con-
centrations and lipid parameters in adult patients with overweight or
obesity. Clin Nutr 34:845–858. https://doi.org/10.1016/j.clnu.2014.
10.004

12. Tabrizi R, Moosazadeh M, Lankarani KB, Akbari M, Heydari ST,
Kolahdooz F, Asemi Z (2017) The effects of synbiotic supplemen-
tation on glucose metabolism and lipid profiles in patients with
diabetes: a systematic review andmeta-analysis of randomized con-
trolled trials. Probiotics Antimicrob Proteins 10:329–342. https://
doi.org/10.1007/s12602-017-9299-1

13. Taghizadeh M, Asemi Z (2014) Effects of synbiotic food consump-
tion on glycemic status and serum hs-CRP in pregnant women: a
randomized controlled clinical trial. Hormones (Athens) 13:398–
406. https://doi.org/10.14310/horm.2002.1489.

14. Shakeri H, Hadaegh H, Abedi F, Tajabadi-Ebrahimi M, Mazroii N,
Ghandi Y, Asemi Z (2014) Consumption of synbiotic bread de-
creases triacylglycerol and VLDL levels while increasing HDL
levels in serum from patients with type-2 diabetes. Lipids 49:695–
701. https://doi.org/10.1007/s11745-014-3901-z

15. Eslamparast T, Zamani F, Hekmatdoost A, SharafkhahM, Eghtesad
S, Malekzadeh R, Poustchi H (2014) Effects of synbiotic supple-
mentation on insulin resistance in subjects with the metabolic syn-
drome: a randomised, double-blind, placebo-controlled pilot study.
B r J Nu t r 112 : 4 38–445 . h t t p s : / / d o i . o rg / 10 . 1017 /
S0007114514000919

16. Rajkumar H, Kumar M, Das N, Kumar SN, Challa HR, Nagpal R
(2015) Effect of probiotic Lactobacillus salivarius UBL S22 and
prebiotic fructo-oligosaccharide on serum lipids, inflammatory
markers, insulin sensitivity, and gut bacteria in healthy young vol-
unteers: a randomized controlled single-blind pilot study. J
Cardiovasc Pharmacol Ther 20:289–298. https://doi.org/10.1177/
1074248414555004

17. McNabney SM, Henagan TM (2017) Short chain fatty acids in the
colon and peripheral tissues: a focus on butyrate, colon cancer,
obesity and insulin resistance. Nutrients 9. https://doi.org/10.3390/
nu9121348

18. Miraghajani M, Dehsoukhteh SS, Rafie N, Hamedani SG, Sabihi S,
Ghiasvand R (2017) Potential mechanisms linking probiotics to
diabetes: a narrative review of the literature. Sao Paulo Med J
135:169–178. https://doi.org/10.1590/1516-3180.2016.
0311271216

19. Soccol CR, de Souza Vandenberghe LP, Spier MR, Medeiros AP,
Yamaguishi CT, De Dea Lindner J, Pandey A, Thomaz-Soccol V
(2010) The potential of probiotics: a review. Food Technol
Biotechnol 48:413–434

20. Farrokhian A, Raygan F, Soltani A, Tajabadi-Ebrahimi M, Sharifi
Esfahani M, Karami AA, Asemi Z (2017) The effects of synbiotic
supplementation on carotid intima-media thickness, biomarkers of
inflammation, and oxidative stress in people with overweight, dia-
betes, and coronary heart disease: a randomized, double-blind,
placebo-controlled trial. Probiotics Antimicrob Proteins. https://
doi.org/10.1007/s12602-017-9343-1

21. Kelishadi R, Farajian S, Safavi M, Mirlohi M, Hashemipour M
(2014) A randomized triple-masked controlled trial on the effects
of synbiotics on inflammation markers in overweight children. J
Pediatr 90:161–168. https://doi.org/10.1016/j.jped.2013.07.003

22. Pisprasert V, Ingram KH, Lopez-Davila MF, Munoz AJ, Garvey
WT (2013) Limitations in the use of indices using glucose and
insulin levels to predict insulin sensitivity: impact of race and gen-
der and superiority of the indices derived from oral glucose

tolerance test in African Americans. Diabetes Care 36:845–853.
https://doi.org/10.2337/dc12-0840

23. Tatsch E, Bochi GV, Pereira Rda S, Kober H, Agertt VA, de
CamposMM,Gomes P, DuarteMM,Moresco RN (2011) A simple
and inexpensive automated technique for measurement of serum
nitrite/nitrate. Clin Biochem 44:348–350. https://doi.org/10.1016/
j.clinbiochem.2010.12.011

24. Benzie IF, Strain JJ (1996) The ferric reducing ability of plasma
(FRAP) as a measure of Bantioxidant power^: the FRAP assay.
Anal Biochem 239:70–76

25. Beutler E, Gelbart T (1985) Plasma glutathione in health and in
patients with malignant disease. J Lab Clin Med 105:581–584

26. Janero DR (1990) Malondialdehyde and thiobarbituric acid-
reactivity as diagnostic indices of lipid peroxidation and
peroxidative tissue injury. Free Radic Biol Med 9:515–540

27. Nursal TZ, Noyan T, Tarim A, Karakayali H (2005) A new weight-
ed scoring system for subjective global assessment. Nutrition 21:
666–671

28. Tajabadi-EbrahimiM, Sharifi N, FarrokhianA, Raygan F, Karamali
F, Razzaghi R, Taheri S, Asemi Z (2017) A randomized controlled
clinical trial investigating the effect of synbiotic administration on
markers of insulin metabolism and lipid profiles in overweight type
2 diabetic patients with coronary heart disease. Exp Clin Endocrinol
Diabetes 125:21–27. https://doi.org/10.1055/s-0042-105441.

29. Soleimani A, Zarrati Mojarrad M, Bahmani F, Taghizadeh M,
Ramezani M, Tajabadi-Ebrahimi M, Jafari P, Esmaillzadeh A,
Asemi Z (2017) Probiotic supplementation in diabetic hemodialysis
patients has beneficial metabolic effects. Kidney Int 91:435–442.
https://doi.org/10.1016/j.kint.2016.09.040

30. MillionM, Angelakis E, PaulM, Armougom F, Leibovici L, Raoult
D (2012) Comparative meta-analysis of the effect of Lactobacillus
species on weight gain in humans and animals. Microb Pathog 53:
100–108. https://doi.org/10.1016/j.micpath.2012.05.007

31. Heo J, SeoM, Park H, LeeWK, Guan LL, Yoon J, Caetano-Anolles
K, Ahn H, Kim SY, Kang YM, Cho S, Kim H (2016) Gut micro-
biota modulated by probiotics and garcinia cambogia extract corre-
late with weight gain and adipocyte sizes in high fat-fed mice. Sci
Rep 6:33566. https://doi.org/10.1038/srep33566

32. Carrero JJ, Stenvinkel P, Cuppari L, Ikizler TA, Kalantar-Zadeh K,
Kaysen G, Mitch WE, Price SR, Wanner C, Wang AY, ter Wee P,
Franch HA (2013) Etiology of the protein-energy wasting syn-
drome in chronic kidney disease: a consensus statement from the
International Society of Renal Nutrition and Metabolism (ISRNM).
J Ren Nutr 23:77–90. https://doi.org/10.1053/j.jrn.2013.01.001

33. Ikizler TA, Cano NJ, Franch H, Fouque D, Himmelfarb J, Kalantar-
Zadeh K, Kuhlmann MK, Stenvinkel P, TerWee P, Teta D, Wang
AY, Wanner C (2013) Prevention and treatment of protein energy
wasting in chronic kidney disease patients: a consensus statement
by the International Society of Renal Nutrition and Metabolism.
Kidney Int 84:1096–1107. https://doi.org/10.1038/ki.2013.147

34. Carrero JJ, Cabezas-Rodriguez I, Qureshi AR, Floege J, KettelerM,
London G, Locatelli F, Memmos D, Goldsmith D, Ferreira A, Nagy
J, Teplan V, Martínez-Salgado C, Fernández-Martín JL, Zoccali C,
Cannata-Andia JB, COSMOS group (2018) Risk of hospitalization
associated with body mass index and weight changes among prev-
alent haemodialysis patients. Nefrologia 38:520–527. https://doi.
org/10.1016/j.nefro.2018.02.009

35. Raoult D (2008) Human microbiome: take-home lesson on growth
promoters? Nature 454:690–691. https://doi.org/10.1038/454690c

36. Delzenne N, Reid G (2009) No causal link between obesity and
probiotics. Nat Rev Microbiol 7:901. https://doi.org/10.1038/
nrmicro2209-c2

37. Moroti C, Souza Magri LF, de Rezende Costa M, Cavallini DC,
Sivieri K (2012) Effect of the consumption of a new symbiotic
shake on glycemia and cholesterol levels in elderly people with type

Probiotics & Antimicro. Prot.

https://doi.org/10.1017/S000711451700085X
https://doi.org/10.1016/j.clnu.2014.10.004
https://doi.org/10.1016/j.clnu.2014.10.004
https://doi.org/10.1007/s12602-017-9299-1
https://doi.org/10.1007/s12602-017-9299-1
https://doi.org/10.14310/horm.2002.1489.
https://doi.org/10.1007/s11745-014-3901-z
https://doi.org/10.1017/S0007114514000919
https://doi.org/10.1017/S0007114514000919
https://doi.org/10.1177/1074248414555004
https://doi.org/10.1177/1074248414555004
https://doi.org/10.3390/nu9121348
https://doi.org/10.3390/nu9121348
https://doi.org/10.1590/1516-3180.2016.0311271216
https://doi.org/10.1590/1516-3180.2016.0311271216
https://doi.org/10.1007/s12602-017-9343-1
https://doi.org/10.1007/s12602-017-9343-1
https://doi.org/10.1016/j.jped.2013.07.003
https://doi.org/10.2337/dc12-0840
https://doi.org/10.1016/j.clinbiochem.2010.12.011
https://doi.org/10.1016/j.clinbiochem.2010.12.011
https://doi.org/10.1055/s-0042-105441.
https://doi.org/10.1016/j.kint.2016.09.040
https://doi.org/10.1016/j.micpath.2012.05.007
https://doi.org/10.1038/srep33566
https://doi.org/10.1053/j.jrn.2013.01.001
https://doi.org/10.1038/ki.2013.147
https://doi.org/10.1016/j.nefro.2018.02.009
https://doi.org/10.1016/j.nefro.2018.02.009
https://doi.org/10.1038/454690c
https://doi.org/10.1038/nrmicro2209-c2
https://doi.org/10.1038/nrmicro2209-c2


2 diabetes mellitus. Lipids Health Dis 11:29. https://doi.org/10.
1186/1476-511X-11-29

38. Spoto B, Pisano A, Zoccali C (2016) Insulin resistance in chronic
kidney disease: a systematic review. Am J Physiol Renal Physiol
311:F1087–f1108. https://doi.org/10.1152/ajprenal.00340.2016

39. Zha Y, Qian Q (2017) Protein nutrition and malnutrition in CKD
and ESRD. Nutrients 9

40. Hommelberg PP, Langen RC, Schols AM, Mensink RP, Plat J
(2010) Inflammatory signaling in skeletal muscle insulin resistance:
green signal for nutritional intervention? Curr Opin Clin Nutr
Metab Care 13:647–655. https://doi.org/10.1097/MCO.
0b013e32833f1acd

41. Kleniewska P, Pawliczak R (2017) Influence of synbiotics on se-
lected oxidative stress parameters. Oxidative Med Cell Longev
2017:9315375–9315378. https://doi.org/10.1155/2017/9315375

42. Kang YM, Lee BJ, Kim JI, Nam BH, Cha JY, Kim YM, Ahn CB,
Choi JS, Choi IS, Je JY (2012) Antioxidant effects of fermented sea
tangle (Laminaria japonica) by Lactobacillus brevis BJ20 in indi-
viduals with high level of gamma-GT: a randomized, double-blind,
and placebo-controlled clinical study. Food Chem Toxicol 50:
1166–1169. https://doi.org/10.1016/j.fct.2011.11.026

43. Pourghassem Gargari B, Dehghan P, Aliasgharzadeh A, Asghari
Jafar-Abadi M (2013) Effects of high performance inulin supple-
mentation on glycemic control and antioxidant status in women
with type 2 diabetes. Diabetes Metab J 37:140–148. https://doi.
org/10.4093/dmj.2013.37.2.140

44. Valentini L, Pinto A, Bourdel-Marchasson I, Ostan R, Brigidi P,
Turroni S, Hrelia S, Hrelia P, Bereswill S, Fischer A, Leoncini E,
Malaguti M, Blanc-Bisson C, Durrieu J, Spazzafumo L, Buccolini
F, Pryen F, Donini LM, Franceschi C, Lochs H (2015) Impact of
personalized diet and probiotic supplementation on inflammation,
nutritional parameters and intestinal microbiota - the BRISTOMED
project^: randomized controlled trial in healthy older people. Clin
Nutr 34:593–602. https://doi.org/10.1016/j.clnu.2014.09.023

45. Mazloom Z,Yousefinejad A, DabbaghmaneshMH (2013) Effect of
probiotics on lipid profile, glycemic control, insulin action,

oxidative stress, and inflammatory markers in patients with type 2
diabetes: a clinical trial. Iran J Med Sci 38:38–43

46. Karimi E, Moini A, Yaseri M, Shirzad N, Sepidarkish M, Hossein-
Boroujerdi M, Hosseinzadeh-Attar MJ (2018) Effects of synbiotic
supplementation on metabolic parameters and apelin in women
with polycystic ovary syndrome: a randomised double-blind place-
bo-controlled trial. Br J Nutr 119:398–406. https://doi.org/10.1017/
S0007114517003920

47. ZhangW, He J, Zhang F, Huang C,WuY, HanY, ZhangW, Zhao Y
(2013) Prognostic role of C-reactive protein and interleukin-6 in
dialysis patients: a systematic review and meta-analysis. J
Nephrol 26:243–253. https://doi.org/10.5301/jn.5000169

48. Allawi AAD (2018) Malnutrition, inflamation and atherosclerosis
(MIA syndrome) in patients with end stage renal disease on main-
tenance hemodialysis (a single centre experience). Diabetes Metab
Syndr 12:91–97. https://doi.org/10.1016/j.dsx.2017.09.003

49. Kobayashi M, Mikami D, Kimura H, Kamiyama K, Morikawa Y,
Yokoi S, Kasuno K, Takahashi N, Taniguchi T, Iwano M (2017)
Short-chain fatty acids, GPR41 and GPR43 ligands, inhibit TNF-
alpha-induced MCP-1 expression by modulating p38 and JNK sig-
naling pathways in human renal cortical epithelial cells. Biochem
Biophys Res Commun 486:499–505

50. Plaza-Diaz J, Ruiz-Ojeda FJ, Vilchez-Padial LM, Gil A (2017)
Evidence of the anti-inflammatory effects of probiotics and
synbiotics in intestinal chronic diseases. Nutrients 9. https://doi.
org/10.3390/nu9060555

51. Kalina U, Koyama N, Hosoda T, Nuernberger H, Sato K, Hoelzer
D, Herweck F, Manigold T, Singer MV, Rossol S, Böcker U (2002)
Enhanced production of IL-18 in butyrate-treated intestinal epithe-
lium by stimulation of the proximal promoter region. Eur J
Immunol 32:2635–2643

52. Vitali B, Ndagijimana M, Cruciani F, Carnevali P, Candela M,
Guerzoni ME, Brigidi P (2010) Impact of a synbiotic food on the
gut microbial ecology and metabolic profiles. BMC Microbiol 10:
4. https://doi.org/10.1186/1471-2180-10-4

Probiotics & Antimicro. Prot.

https://doi.org/10.1186/1476-511X-11-29
https://doi.org/10.1186/1476-511X-11-29
https://doi.org/10.1152/ajprenal.00340.2016
https://doi.org/10.1097/MCO.0b013e32833f1acd
https://doi.org/10.1097/MCO.0b013e32833f1acd
https://doi.org/10.1155/2017/9315375
https://doi.org/10.1016/j.fct.2011.11.026
https://doi.org/10.4093/dmj.2013.37.2.140
https://doi.org/10.4093/dmj.2013.37.2.140
https://doi.org/10.1016/j.clnu.2014.09.023
https://doi.org/10.1017/S0007114517003920
https://doi.org/10.1017/S0007114517003920
https://doi.org/10.5301/jn.5000169
https://doi.org/10.1016/j.dsx.2017.09.003
https://doi.org/10.3390/nu9060555
https://doi.org/10.3390/nu9060555
https://doi.org/10.1186/1471-2180-10-4

	The...
	Abstract
	Introduction
	Methods
	Trial Design and Study Participants
	Study Design
	Intervention
	Assessment of Anthropometric Measures
	Assessment of Outcomes
	Sample Size
	Randomization
	Statistical Methods

	Results
	Discussion
	Effects on Glycemic Control and Lipid Profiles
	Effects on Biomarkers of Inflammation and Oxidative Stress

	Conclusions
	References


