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Objective: Altering dysbiotic gut flora through synbiotic supplementation has recently been recognized as a potential treatment strat-

egy to reduce the levels of gut-derived uremic toxins and decrease inflammation. Assessing its efficacy and safety has been the main

goal of our randomized, double-blind, placebo-controlled study.

Methods: A total of 34 nondialyzed chronic kidney disease patients, aged$18 years, with an estimated glomerular filtration rate be-

tween 15 and 45 mL/minute, were randomized either to an intervention group (n 5 17), receiving synbiotic (Lactobacillus acidophilus,

Lactobacillus casei, and Bifidobacterium lactis, 32 billion colony forming units per day plus 3.2 g of inulin), or control group (n 5 17),

receiving placebo during 12 weeks. The impact of treatment on the dynamic of serum levels of gut-derived uremic toxins, total serum

indoxyl sulfate, p-cresyl sulfate, and trimethylamine N-oxide, was defined as the primary outcome of the study. Secondary outcomes

included changes in the stool microbiome, serum interleukin-6 levels, high-sensitivity C-reactive protein, estimated glomerular filtration

rate, albuminuria, diet, gastrointestinal symptom dynamics, and safety. Serum levels of uremic toxins were determined using ultraper-

formance liquid chromatography. The stool microbiome analysis was performed using the 16S ribosomal ribonucleic acid gene

sequencing approach.

Results: Synbiotic treatment significantly modified gut microbiome with Bifidobacteria, Lactobacillus, and Subdoligranulum

genera enrichment and consequently reduced serum level of indoxyl sulfate (DIS –21.5% vs. 5.3%, P, .001), improved estimated

glomerular filtration rate (DeGFR 12% vs. 8%, P 5 .029), and decreased level of high-sensitivity C-reactive protein (–39.5 vs.

–8.5%, P , .001) in treated patients. Two patients of the intervention arm complained of increased flatulence. No other safety is-

sues were noted.

Conclusion: Synbiotics could be available, safe, and an effective therapeutic strategy we could use in daily practice in order to

decrease levels of uremic toxins and microinflammation in chronic kidney disease patients.
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Introduction

THEGUTMICROBIOME consists of more than 100
trillion bacteria and plays an important role in normal

body functioning, especially in immunity and metabolic
homeostasis. There is increasing evidence that gut micro-
biome alteration can affect multiple organ systems and
also lead to numerous chronic diseases, such as chronic kid-
ney disease (CKD).1 The connection between the kidneys
and gut microbiome, the gut-kidney axis, is bidirectional.
On the one hand, accumulation of urea and volume over-
load affect the composition of gut microbiome and increase
permeability of the gut epithelial barrier, which in return
boosts the production of gut-derived uremic substances
with significant renal and vascular toxic effects.2 The
buildup of approximately 90 different substances has been
recognized as a result of reduced kidney function. Most
of those toxins are gut derived through the process of pro-
teolytic fermentation by an altered gut microbiome.3 The
most studied ones are indoxyl sulfate (IS), p-cresyl sulfate
(pCS), and trimethylamine N-oxide (TMAO).4

CKD presents a major and steadily growing health prob-
lem worldwide. CKD mostly manifests itself as a silent dis-
ease paralleled by irreversible changes in vascular structures,
so up to half of all CKD patients are reported to die from
cardiovascular (CV) complications.5 Therefore, prevention
of CV events is among the main goals in CKD manage-
ment. Lately, the focus of investigators has been on poten-
tially modifiable, ‘‘nontraditional,’’ CV risk factors in CKD
patients. One of the promising candidates is altering dysbi-
otic gut flora through synbiotic supplementation in order
to reduce the levels of gut-derived uremic toxins and
decrease chronic microinflammation.6

Up to date, a total of 10 randomized, double-blind, pla-
cebo controlled studies have evaluated the efficacy and
safety of prebiotics and probiotics on the level of uremic
toxins and inflammatory status (Table S1).7-16 A
published meta-analysis on this subject declared that owing
to the small number of published studies, it is difficult to
conclude if this kind of intervention has an important effect
on the level of uremic toxicity and inflammation.17

Therefore, in order to increase the pool of knowledge on
the subject, we performed our single-center, randomized,
double-blind, placebo-controlled study with the aim of as-
sessing the efficacy and safety of synbiotic treatment in
reducing the levels of gut-derived uremic toxins and serum
inflammatory markers and its impact on gut microbiome,
with controlled factors such as diet and antibiotic usage.
Materials and Methods
Study Design and Participants
Our single-center study was designed as a double-blind,

placebo-controlled randomized trial that included nondia-
lyzed CKD patients, aged $18 years, with estimated
glomerular filtration rate (eGFR) between 15 and
45 mL/minute. The exclusion criteria for the study were
participation in another trial, inability to communicate,
previous renal transplantation, inflammatory bowel disease,
previous intestinal resection, radiotherapy, or course of
antibiotic, probiotic, and immunosuppressive therapy
2 weeks prior to and during the trial. All patients that pro-
gressed to dialysis during the study period were also
excluded from the per-protocol population. Patients were
asked to sign informed consent before enrollment and
participation in the trial. The institutional ethics comitee
approved the protocol of our trial. The study was conduct-
ed according to the guidelines of the Declaration of Hel-
sinki of 1975.
The sample size of the intention-to-treat population

(n 5 44) was calculated using a Raosoft software program
and based on the count of the population of predialysis
CKD outpatients regularly followed up (n5 300), the po-
wer of 90% to detect a 30% change in the level of uremic
toxins, with an error level of 0.05 and predicted dropout
rate of about 30%.18

Diet
Following the signing of an informed consent, patients

underwent counseling with a qualified dietitian concerning
their diet during the study period. The diet was based on
Kidney Disease Quality Initiative recommendations.19

The diet plan included 2 weeks of a run-in period and a
12-week treatment period. Each patient was given a cook-
book containing 150 Mediterranean diet-based recipes
with nutritive information and options for each meal. Pa-
tients were advised to have 4-5 daily meals. A 7-day meal
plan example was issued to each patient at the beginning
of each week of the trial. Patients were instructed how to
calculate daily calories, carbohydrate, protein, phosphorus,
sodium, and potassium intake and advised to keep the daily
intake of calories between 25 and 30 kCal/kg/day, protein
intake between 0.5 and 0.7 g/kg/day and under 10% of
daily calorie intake, phosphorus intake approximately
500 mg a day, calcium intake arround 800 mg/d, sodium
intake of less than 2.3 g/d, and potassium intake of less
than 4 g/d. Electrolite intake was individually prescribed
based on blood analysis performed after a run-in period.
Patients were asked to keep a diet diary, which was used
to assess diet adherence. FoodWorks 10 software by Xyris
Software (Australia) was used to analyze dietary data.

Randomization
After a 2-week run-in period under prescribed diet, pa-

tients were randomized into 2 groups, one receiving synbi-
otic therapy, and the other receiving placebo.
Randomization was performed by an external statistical
consultant using computer-based randomization by the
blocks of 4 provided by Sealed Envelope Ltd 2020.20 After
the randomization, the research personnel were informed
about the therapy kit number allocated for each patient.
The randomization data were maintained on a secure
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server, not available to patients and personnel performing
the trial until all results came in. Kit packaging and numer-
ation were performed offsite.

Intervention
The synbiotic arm of patients underwent daily treatment

that consisted of 2 pills, each containing 16 billion colonies
of Lactobacillus acidophilus CBT LA1 (43 109), Lactobacillus
casei CBT LC5 (4 3 109), and Bifidobacterium lactis CBT
BL3 (8 3 109) and 1.6 g of inulin, that were meant to be
taken once daily before breakfast. Probiotic selection was
based on previous trials of similar design which mostly
used mixed cultures of Bifidobacterium and Lactobacillus
spp.7-16 Bifidobacterium lactis, one of the most documented
probiotic cultures, was chosen due to its gastric acid and
bile tolerance, high level of adhesion, and pathogen
inhibition ability, even more pronounced when used in
combination with Lactobacillus acidophilus.21 Lactobacillus
casei was chosen for its negative effects on pCS level,
described in previous studies.7,8 The dosage of synbiotic
supplement was based on previous findings of good efficacy
and stool recovery of Bifidobacterium lactiswithout described
adverse effects if used at a dosage of 1010 or higher.22

The placebo arm of patients received the same number of
identical pills containingmaltodextrin powder and received
the same regimen instructions. The duration of treatment
period was 12 weeks. Kits containing 56 pills were issued
to patients on visits that were scheduled every 4 weeks. Pa-
tients were asked to bring along all remaining capsules and
their diet diaries to center, for each visit. Nonadherence to
study protocol was defined as more than one-tenth of all is-
sued capsules not taken by participant, and those patients
were excluded from the per-protocol population.

Outcome Measures
The impact of treatment on the dynamic of serum levels

of gut-derived uremic toxins, total serum IS, pCS, and
TMAO, was defined as the primary outcome of the study.
Secondary outcomes included changes in the stool micro-
biome, serum interleukin-6 (IL-6) levels, high-sensitivity
C-reactive protein (hsCRP), eGFR, albuminuria, diet,
gastrointestinal symptom dynamics, and safety.

The stool, blood, and urine samples of all patients were
obtained after 2 weeks of run-in and after the 12-week
treatment. The levels of hsCRP and IL-6 were analyzed
by enzyme-linked immunoadsorbent assay. Renal function
and progression of renal failure were determined by using
online The Modification of Diet in Renal Disease for-
mula.23 Albuminuria was analyzed from spot urin sample.
Patients’ gastrointestinal symptom dynamic was monitored
using the Gastrointestinal Symptom Rating Scale (GSRS)
questionnaire, concerning presence and severity of 5 di-
mensions of gastrointestinal symptoms: abdominal pain, re-
flux, indigestion, constipation, and diarrhea.24 All patients
were interviewed at the beginning and after the end of
the treatment period. We also measured body mass index
(BMI) for each patient before and after the treatment
period.

Determination of Uremic Toxins
TheWaters ACQUITYultraperformance liquid chroma-

tography system (Waters Corporation, Milford, MA)
coupled with an FLD detector 2475 was used for the quan-
titative determination of total IS and pCS in patient serum
samples before and after treatment. Acquisition of data was
performed using Waters Empower 2 software (Milford,
MA). The extraction of total IS and pCS from serum samples
was performed after protein precipitation with ethanol, us-
ing 100 mL of samples and 300 mL of ethanol (100%) accord-
ing to the procedure described by Pretorius et al.25 Extracted
samples were filtered using 0.22-mMnylon filters (Phenom-
enex, Torrance, CA) and then separated on an
ACQUITY UPLCTM BEH C18 column (1.7 mm,
100 mm3 2.1 mm) using linear gradient elution, with mo-
bile phase A consisting of 50-mM ammonium formate (pH
5) and mobile phase B consisting of 100% acetonitrile.
Gradient started with 95% A for 1.5 minutes, then from
75% to 30% A in the next 1 minute, then from 30% to 1%
A for 0.4minute, andwas held at 1%A for 2.9 to 3.6minutes.
At 3.8 to 7 minutes, A gradually increased from 15% to 95%.
The flow ratewas 0.25mL/minute, columnT 45�C, and in-
jection volume 5 mL. Fluorescence detection was monitored
at specific excitation/emission wavelengths lex 5 300 nm
and lem 5 390 nm.25 Standard solutions of IS and pCS
were prepared by serial dilution of the stock solution.
Ultrahigh performance liquid chromatography-tandem

mass spectrometry using an Acquity ultraperformance
liquid chromatography coupled to a MicroMassQuattro
Premier XE mass spectrometer (Waters Corporation, Mil-
ford, MA) was performed in order to determine the total
serum levels of TMAO, according to the procedure
described byAwwad et al.26 The sampleswere separated us-
ing a gradient mobile phase with a mixture of 15-mmol/L
ammonium formate (pH 3.5) as solvent A and acetonitrile
as solvent B. Gradient conditions were 0.0–2.0 minutes,
10–30% A; 2.0–3.5 minutes, 30% A; 3.6–4.6 minutes,
40%A; and 4.7–6.0minutes, 10%A.We used the following
settings: flow rate, 0.4 mL/minute; sample injection vol-
ume, 3 mL (partial loop mode); column temperature,
30�C; sample temperature, 4�C; total runtime, 6 minutes.

Stool Microbiome Determination
Patients were providedwith stool containers and asked to

bring fresh stool samples (#6 hours) to the center. Stool
samples were stored at280�C prior to microbiome profile
analysis. Total genome DNA from frozen fecal samples was
performed with the ZR Fecal DNA MiniPrep Kit (Zymo
Research Corp., Irvine, CA), according to the manufac-
turer’s instruction. Isolated DNA from all samples was
stored at 220�C after PicoGreen DNA concentration
measurements on Qubit fluorometer (ThermoFisher/Invi-
trogen, Waltham, MA). All samples were diluted to a
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concentration of 5 ng/mL in 10-mL final volume and used
for 16s rRNA amplicon sequencing, targeting the V3-V4
hypervariable region. Paired-end sequencing was per-
formed on NovaSeq 6000 PE250-Illumina platform by
Novogene Co., Ltd (Hong Kong, China). The libraries
were sequenced on an Illumina MiSeq platform (Illumina,
San Diego, CA) according to the standard protocols byMa-
jorbio Bio-Pharm Technology Co., Ltd. (Shanghai,
China). The raw reads were demultiplexed, quality-
filtered by Usadellab Trimmomatic (Germany), and
analyzed using the Quantitative Insights Into Microbial
Ecology pipeline (qiime.sourceforge.net) as described by
Caporaso et al.27 Operational taxonomic units (OTU) clus-
tering and species annotation were performed. Sequence
analysis was performed by using Uparse software (Uparse
v7.0.1001, Tiburon, CA).28 Sequenceswith$97% similar-
ity were assigned to the same OTUs. The representative
sequence for each OTU was screened for annotation. For
each representative sequence, mothur software was used
against the small subunit ribosomal ribonucleic acid data-
base of SILVADatabase for species annotation at each taxo-
nomic level (Threshold: �0.8 to 1) (kingdom, phylum,
class, order, family, genus, species).29,30 OTU abundance
information was normalized using a standard of sequence
number corresponding to the sample with the fewest se-
quences. The Shannon and Simpson indexes were calcu-
lated in R as a measure of alpha diversity. Beta diversity
was assessed using weighted unifrac as a distance measure-
ment, plugin with p-method ‘‘anosim,’’ following 999 per-
mutations for determining the differences between the
groups. Differences in b-diversity between the groups
were visualized using principal coordinates analysis biplots.
The diversity boxplot was created using the plot function in
the scikit-bio package using Python 3.9.
Core method from package ‘‘stats’’ in R and ggplot2

were used for Spearman’s rank correlation matrix genera-
tion and visualization.

Safety Data
All adverse events were documented and reported to the

institutional ethics committee, which initially approved the
protocol of our study. Serious adverse events were defined
as any undesirable sign, symptom, or medical condition
that was fatal or life-threatening, required hospitalization,
or resulted in significant patient disability or death.

Statistical Analysis
The statistical analyses were performed using appropriate

tests with SPSS 23.0 (IBM Corp., Armonk, NY) and R
Core Team Software (2020). All data were presented as
mean 6 standard deviation if normally distributed; other-
wise, it was presented as median (25%-75%). To detect dif-
ferences in basic characteristics and the dietary intakes
between the 2 groups of patients, we applied Pearson c2
and Fisher exact test for categorical variables and 2-tailed
independent samples Student’s t-tests for normally distrib-
uted numerical variables. All intergroup comparisons were
performed using either Student’s t-test for normally distrib-
uted data or the Mann-Whitney U test for not normally
distributed data. P values under 0.05 were considered statis-
tically significant. Graphs are made using GraphPad Prism
9.0 (GraphPad Software, San Diego, CA).

Results
Our single-center trial was performed during the period

from October 1, 2019, to February 1, 2020. After the initial
assessment of 106 patients, 44 patients who fulfilled inclu-
sion and exclusion criteria were recruited for the study
(Figure 1). Patients were randomized to the intervention
arm (n5 22) receiving synbiotic treatment and the control
arm (n5 22) receiving placebo. One patient from the con-
trol arm was lost to follow-up after moving abroad. Two pa-
tients from the control arm started hemodialysis due to
uncontrolled hypervolemia. Four patients, 2 from each
arm, took less than 80% of all issued pills, and therefore
were not included to the per-protocol population. Two pa-
tients from the intervention arm took antibiotics during the
study for respiratory tract infections and were also excluded
from the per-protocol population. One patient from the
intervention arm did not deliver an end-point fresh stool
sample and was not included in the per-protocol population.
Basic characteristics of both groups of patients are repre-

sented in Table 1. No major differences in terms of age,
gender, comorbidities (diabetes mellitus, hypertensive
nephrosclerosis), BMI, previous medication usage, eGFR,
blood urea nitrogen, and serum potassium have been
observed. Similar conclusions can be made based on the
intention-to-treat population (Table S2).

Primary Outcomes
In the intervention arm, 12 weeks of synbiotic therapy

significantly reduced total serum IS (73.1 mol/L vs.
55.3 mol/L, P 5 .001) and pCS (136.7 mol/L vs.
128 mol/L, P 5 .0153) levels (Figure S1). If we compare
uremic toxin dynamics between the intervention and
placebo-controlled arms of patients, the effect of synbiotic
therapy was of significantly greater magnitude (DIS –21.5%
vs. 5.33%, P , .001). If we compare 2 groups of patients,
the synbiotic therapy impact on pCS and TMAO level
change was not statistically different in comparison to pla-
cebo (Table 2). If we take into account thewhole intention-
to-treat population, we would observe a statistical differ-
ence not only in IS dynamic (DIS –14.6% vs. 5.3%,
P 5 .002) but also in TMAO (DTMAO –5.3% vs. 1.6%,
P 5 .039) (Table S3).

Secondary Outcomes
Biochemical Parameters
Both groups of patients had baseline hsCRP levels above

the normal range. Although patients in both arms lowered
their levels of hsCRP, the level of reduction was signifi-
cantly higher in the intervention arm than that in placebo

http://qiime.sourceforge.net


Figure 1. Patient flowchart.
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(DhsCRP% –39.5 vs. –8.5, P,.001). The eGFR dynamic,
as one of the markers of kidney function, showed improve-
ment in both groups of patients, with a more pronounced
effect of synbiotic therapy than placebo (DeGFR% 12.5
vs. 8, P 5 .029). In terms of serum potassium, blood urea
nitrogen, IL-6 levels, and albuminuria, no significant
advantage of synbiotic therapy was noted (Table 3). The ef-
fect of synbiotics on hsCRP levels can also be observed but
to a lesser extent in the intention-to-treat population, but
eGFR dynamic fell out of statistical significance (Table S4).

Stool Microbiome Dynamic
All stool samples delivered from the per-protocol popu-

lation, both at baseline and endpoint, were adequate. The
diversity coverage of the microbiome was good—a total
of 12,515,472 reads—mean 184,051 reads per sample,
with goods coverage values over 95%. The mean Shannon
and Simpson index coefficients significantly changed be-
tween baseline and endpoint in the synbiotic treated group
of patients (P 5 .0174 and P 5 .0385, respectively). A
similar effect was not observed in the placebo arm
(Figure S2).

If we compare bacterial genera dynamic between the
treatment arms, the main difference was significant increase
in relative abundance of Bifidobacteria genera (0.9%,
P5.037) in intervention arm patients (Table S5). In com-
parison to the baseline abundance of bacterial genera, we
also observed significant Lactobacillus and Subdoligranulum
enrichment in the endpoint stool samples in the treatment
group, by 1.88 and 1.32 times, respectively. In the placebo
group, the abundance of Fusicatenibacter, Collinsella, and Er-
ysipelotrichaceae_UCG-003 group significantly increased by
1.69, 1.56, and 1.31 times, respectively (Figure 2). A similar
dynamic of stool microbiota was observed in the intention-
to-treat population (Table S6).
At the genus level, differences in beta diversity were as-

sessed using the weighted UniFrac distance and visualized
with principal coordinates analysis. Although not statisti-
cally significant (P5.0734), a tendency toward differences
in beta diversity among placebo and synbiotic microbial
communities was noticed (Figure S3).

Bacterial Families and Genera Correlated With
Clinical Measures
In order to determine the association of specific bacterial

taxa with positive effects of synbiotic therapy on uremic
toxins and biochemical parameters, a correlation study
was performed (Tables S7 and S8).We have not found a sig-
nificant correlation between IS dynamic and specific
changes in the gut microbiome, but changes in serum level



Table 1. Basic Characteristics and Dietary Patterns of 2
Groups of Patients

Variable Placebo Treatment P Value

N 17 17
Gender (male) 9 9 1.000

Comorbidities

HTN 10 11 .178

DM 4 6
Other 3 0

Age (y) 69 6 8 69 6 10 .838

BMI (kg/m2) 25.5 6 2 26.5 6 2.7 .245
ACE inhibitors (yes) 14 13 .500

Phosphate binders (yes) 6 8 .728

Proton pump inhibitor (yes) 4 4 1.000

BUN (mmol/L) 11.2 6 2.2 10.7 6 1.7 .433
Potassium (mmol/L) 4.7 6 0.6 4.6 6 0.8 .708

eGFR (mL/min) 31.3 6 7.3 26.5 6 6.5 .062

ACE, angiotensin-converting enzyme; BMI, body mass index; BUN,

blood urea nitrogen; DM, diabetes mellitus; eGFR, estimated glomer-
ular filtration rate; HTN, hypertensive nephrosclerosis.
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of pCS directly correlated with Prevotella (rho 5 0.428,
P 5 .012) and were inversely associated with the Intestini-
bacter genus (rho5 –0.476, P5.004). A direct correlation
was also observed between pCS dynamics and the abun-
dance of Prevotellaceae (rho 5 0.475, P 5 .004), as well as
an indirect one with the Ruminococcaceae family (r 5 –
0.369, P 5 .032). Changes in TMAO levels were found
to be indirectly related to Bifidobacterium (rho 5 –0.464,
P 5 .006) and directly related to Enterococcaceae family
abundance (rho 5 0.515, P 5 .002).
Estimated GFR improvement was associated with an in-

crease in the relative abundance of Bifidobacterium
(rho 5 0.382, P 5 .026) and Holdemanella genera
(rho5 0.484, P5.004). The abundance of Faecalibacterium
and eGFR dynamic moved in opposite directions during
the study (rho 5 –0.381, P 5 .026). The hsCRP dynamic
was significantly associated with the Streptococcus genera and
the Streptococcaceae family (rho 5 0.370, P 5 .031), Akker-
mansia genera and the Akkermansiaceae family (rho 5 0.362,
P5.035), Veillonellaceae (rho5 380, P5.027), and Bacter-
oidaceae (rho 5 –0.434, P 5 .01) enrichment.
Table 2. Effect of Synbiotic Supplementation on Total Serum Lev

Variable Placebo

Baseline IS (mmol/L) 51.1 (36-84)

Endpoint IS (mmol/L) 54.5 (38.2-91.5)
DIS (%) 6.7 (20.4 to 16.4)

Baseline pCS (mmol/L) 138.9 (122-152.4)

Endpoint pCS(mmol/L) 134.1 (116.8-153.3)

DpCS (%) 22.4 (27.4 to 1.8)
Baseline TMAO (mmol/L) 2.99 (2.25-4.93)

Endpoint TMAO (mmol/L) 3.28 (2.4-4.51)

DTMAO (%) 6.25 (28 to 27)

IS, indoxyl sulfate; pCS, p-cresyl sulfate; TMAO, trimethylamine N-oxide
Dietary Factors
Adherence to the diet plan was high, 90% (83–98) in the

treatment arm and 91% (84–95) in the placebo arm. There
were no significant differences in average dietary intakes of
energy, protein, fiber, carbohydrates, and fat between the
groups. No significant difference between baseline and
endpoint BMI values was observed between groups. The
treatment option did not have a significant effect on the
BMI dynamic in either group of patients (Table 4).

Gastrointestinal Symptoms and Safety Data
All the 34 patients recruited for the study complained of

at least 1 gastrointestinal symptom during the initial GSRS
interview, mostly of constipation and indigestion. The
posttreatment GSRS interview showed that synbiotic ther-
apy significantly alleviated constipation (Table S9). Two of
the patients of intervention arm complained of increased
flatulence during synbiotic therapy as a main reason of non-
adherence to the study protocol. As mentioned, hemodial-
ysis was initiated in 2 patients in the control group due to
hypervolemia. No other safety issues were noted.

Discussion
In comparison to placebo, synbiotic treatment signifi-

cantly altered levels of IS and pCS in the intervention
arm. In comparison to placebo, only the dynamic of total
serum IS was significant. Secondary outcomes such as a sig-
nificant decrease in hsCRP levels and improvement in
eGFR were also met. The positive effects of synbiotics
were paralleled by a significant shift in microbiome
composition.
Up to date, a total of 10 randomized, double-blind, pla-

cebo-controlled studies have evaluated the efficacy and
safety of prebiotics and probiotics on the level of uremic
toxins and inflammatory status (Table S1).7-16 According
to a recent meta-analysis on the subject, prebiotic and pro-
biotic supplementation led to little or no significant effect
on levels of uremic toxins.17,31 As we mentioned, one of
the main shortcomings of randomized controlled trials
included in these meta-analysis was inadequate control of
confounding elements such as diet and antibiotic usage.
In a Synbiotics Easing Renal Failure by Improving Gut
els of Uremic Toxins

Treatment P Value

73.1 (57.1-114) .114

55.3 (44.7-88.1) .540
221.5 (211.5 to 234.7) .000

136.7 (116.7-160) .946

128 (106.1-149) .708

29.78 (211.6 to 24.7) .079
4.33 (3.16-5.23) .170

4.13 (3.02-5.04) .218

27.6 (222.4 to 5) .063

.



Figure 2. Top 10 bacterial genera, baseline and endpoint relative abundances at the genus level at placebo and symbiotic-
treated groups.
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Microbiology trial performed by Rossi et al., in which diet
and antibiotic usage were strictly controlled, synbiotics had
a significant effect on both IS and pCS reduction.14 Our
study, with a protocol very similar to the one in the Synbi-
otics Easing Renal Failure by Improving GutMicrobiology
trial, replicated a similar effect of synbiotic treatment
although the impact on pCS levels was less visible.14 In
another study which limited antibiotic usage in study pa-
Table 3. The Effect of Synbiotic Supplementation on Biochemical

Variable Placebo

Baseline IL6 (pg/mL) 8.9 (5.5-11.3)

Endpoint IL6 (pg/mL) 7.6 (5.4-11.4)

DIL6 (%) 0.8 (218.6 to 25.4)

Baseline hsCRP (mg/L) 3.2 (1.8-4.1)
Endpoint hsCRP (mg/L) 3 (1.9-4.4)

DhsCRP (%) 28.3 (256.1 to 25)

Baseline albuminuria (mg/g) 213 (117-388)
Endpoint albuminuria (mg/g) 223 (152.2-326)

DAlbuminuria (%) 28.3 (29.3 to 59)

Baseline eGFR (mL/min) 31.3 6 7.3

Endpoint eGFR (mL/min) 32.1 6 8.5
DeGFR (%) 8 (24 to 8.9)

Baseline BUN (mmol/L) 11.1 6 2.2

Endpoint BUN (mmol/L) 10.9 6 2.2

DBUN (%) 1.1 (212.1 to 11.4)
Baseline potassium (mmol/L) 4.71 6 0.59

Endpoint potassium (mmol/L) 4.83 6 0.51

DPotassium (%) 2.4 (25.3 to 7)

BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; hs
tients, a similar conclusion that prebiotic supplementation
decreased total serum IS was also made.10

Why are gut-derived uremic toxins so important?
Numerous previous studies have shown an important effect
of IS, pCS, and TMAO on CV risk and CKD progression.
An in-vitro study performed byMuteliefu et al. proved that
IS enhanced the activity of nicotinamide adenine dinucle-
otide phosphate oxidase in cultured vascular smoothmuscle
Parameters of Per-Protocol Population

Treatment P Value

9.3 (8.7-12) .205

10.6 (7.7-10.7) .496

28.5 (220.3 to 5.6) .182

4.3 (3.3-5.8) .057
2.3 (1.9-3.4) .892

239.5 (249.5 to 225.5) .001

123 (76.5-332.2) .375
157 (101.1-252.4) .259

37 (26.2 to 62.6) .683

26.5 6 6.5 .062

29.2 6 6.8 .205
12.5 (7.4-20.3) .029

10.7 6 1.7 .558

10.9 6 1.8 .196

0 (27 to 14) .683
4.58 6 0.83 .152

4.49 6 0.52 .929

22.4 (27 to 6.7) .357

CRP, high-sensitivity C-reactive protein; IL-6, interleukin 6.



Table 4. Body Mass Index (BMI) Dynamic and Dietary
Factors

Variable Placebo Treatment P Value

N 17 17
Baseline BMI (kg/m2) 25.5 6 2 26.5 6 2.7 .245

Endpoint BMI (kg/m2) 25.6 6 2 26.3 6 2.6 .415

DBMI (%) 218 to 11 27 to 16 .386

Diet adherence (%) 90 (83-98) 91 (84-95)
Average daily calorie intake

(kCal/kg)

26.4 6 2.9 28.1 6 2.2 .064

Carbohydrates (%) 61.3 6 5.6 58.7 6 6.2 .208
Fat (%) 30.3 6 3.2 32.5 6 3.3 .057

Protein (%) 9.1 6 1.4 8.5 6 1.3 .205

Average daily protein

intake (g/kg)

0.62 6 0.08 0.64 6 0.08 .728

Average daily fiber intake

(g/kg)

14.8 6 1.6 14.2 6 1.6 .339
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cells.32 That kind of effect may lead to an increase in
reactive oxygen species production and muscle cell trans-
formation into osteoblast-like cells and may promote
vascular calcification and atherosclerosis during CKD pro-
gression.32 IS has also been implicated in CKD progression,
mostly through increased reactive oxygen species produc-
tion and induction of inflammation and fibrosis. The profi-
brotic effects of IS are mostly explained by activation of the
nuclear factor-kb transcription factor.33 IS is also shown to
induce downregulation of Klotho, a gene with aging-
suppressive and renoprotective effects.34 Therefore, any
treatment strategy targeting production and clearance of
IS, as well as other gut-derived uremic toxins, could have
an important clinical effect on the survival of CKD patients
and delay the need for renal replacement therapy.
The improvement in eGFRwas noted in both groups of

our patients, with more pronounced effects in the treat-
ment arm. Although some of the studies with similar sub-
jects showed trends toward improvement or slowing of
the decline of renal function in groups treated with probi-
otics and synbiotics, the meta-analysis ofMcFarlan et al. did
not show significant benefits of synbiotic treatment on renal
function (3 studies, 132 participants, mean difference
0.34 mL/minute/1.73 m2, P 5 .79, I2 5 0%).17 A similar
conclusion was made in the meta-analysis performed by
Jia et al.31 We must apostrophize that these findings are
limited by the risk of bias, imprecision, and high
heterogeneity.
High-sensitivity CRP is a liver-derived inflammatory

marker with a proven correlation with CV event risk.35

Our findings are consistent with the findings of a recent
meta-analysis.31,36,37 The meta-analysis of Zheng et al.
pointed out great heterogeneity between studies but per-
formed subgroup analysis which showed that probiotics
are especially effective in a population with BMI around
or under 26 kg/m2 or if a combination of Bifidobacteria
and Lactobacillus cultures is used.37 In our study, the effects
of synbiotics on hsCRP were not followed by a decrease
in IL-6 levels. The meta-analysis of Jia et al., which
included 3 studies and 134 patients, even proved that pro-
biotics could possibly increase serum levels of IL-6.31

That kind of finding should not be perceived as pathologic,
as IL-6 may have an important role in the preservation of
intestinal wall permeability.38

One of the biggest strengths of our study is that it linked
the uremic toxins’dynamics with specific changes inmicro-
biome composition. As expected, probiotic therapy
increased the relative abundance of Bifidobacterium and
Lactobacillus in the intervention arm. This finding is consis-
tent with the results of only 2 previous studies that analyzed
the microbiome shift in probiotic-treated renal pa-
tients.11,14 Although the linear correlation between their
abundance and the dynamic of IS and pCS was not
observed, the change of microbiome milieu definitely
impacted the process of protein fermentation. Similar con-
clusions have beenmade by Kano et al. in a study of positive
effects of Bifidobacterium-fermented milk on serum phenol
levels.39

Another interesting finding of our study is the increase in
relative abundance of the Subdoligranulum genus of the Ru-
minococcaceae family in synbiotic-treated patients. Subdoli-
granulum has been mostly mentioned in the context of its
association with better blood sugar control and high-
density lipoprotein levels.40 A study performed by Leclercq
et al. also pointed out the possible importance of this genus
in gut wall permeability in patients with alcohol depen-
dence.41 The association of Subdoligranulum with lower pa-
rameters of systemic inflammation was presented by Louis
et al.42 Van Hul et al., on the other hand, hypothesized in
their metagenomic study that Subdoligranulum is a marker
of positive dynamic and greater diversity of the
microbiome.43

The dynamic in microbiome composition was also
observed in our control group. Although the relative abun-
dance of Fusicatenibacter, a butyrate-producing bacteria with
many positive effects on gut health, increased, that effect
was opposed by an increase in Collinsella or Erysipelotricha-
ceae_UCG-003, the bacteria that are considered to be
proinflammatory.44-46 We may hypothesize that this is a
result of the positive effect of a uniformly prescribed diet
and better medication control without support from
synbiotics.
The correlation study revealed a direct correlation be-

tween the pCS dynamic and Prevotella_9 abundance and
an indirect one with Intestinibacter and Ruminococcaceae.
Lately, several emerging reports have connected
Prevotella_9 existence to low-grade systemic inflammation
and several diseases such as rheumatoid arthritis, metabolic
states, or even chronic obstructive pulmonary disease.47

The studies on mice with induced colitis have shown the
capability of Prevotella_9 to stimulate local Th17 lympho-
cytes to increase local production of proinflammatory cyto-
kines—tumor necrosis factor, IL-6, and IL-8. This could
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explain the possible role of Prevotella_9 in ‘‘leaky’’ gut path-
ophysiology, with a consequent influx of gut-derived ure-
mic toxins into systemic circulation.48 Prevotella_9 is also
often associated with constipation and prolonged gut tran-
sition time, which could have an effect on gut-derived ure-
mic toxin clearence.49 Intestinibacter has not yet been
mentioned in context of renal failure, but its importance
for integrity of gut mucosa has been observed in
metformin-treated patients.50 We also observed an inverse
correlation between the Ruminococcaceae family and the
pCS dynamic. Ruminococcaceae are a heterogenous bacterial
family containing both genera with and without phenol-
producing capability, so it is hard to make a conclusion
about a possible correlation with uremic toxin production.
We can hypothesize that the role of non–phenol-producing
genera, such as Subdoligranulum, was dominant in our study.

We also observed a positive correlation between Entero-
coccaceae abundance and levels of TMAO. Enterococcaceae,
with its most prevalent cultured strain Enterococcus faecium,
are often considered to have an important effect on
increasedmucosal inflammation and gut permeability in in-
flammatory bowel disease and lymphocytic colitis.51 A
recent report by Wang et al. reported an effect of E. faecium
and local inflammation on colorectal carcinogenesis.52

Estimated GFR improvement was associated with an in-
crease in the relative abundance of Bifidobacterium and Hol-
demanella genera, but the abundance of Faecalibacterium and
eGFR dynamic moved in opposite directions. Holdema-
nella, a bacterial genus that produces short-chain fatty acids,
plays an important role in the preservation of gut mucosal
integrity. The abundance of Holdemanella is frequently
reduced in the gut microbiome of renal failure patients,
which may lead to gut barrier instability, increased uremic
toxin production, and inflammation that ultimately pro-
mote kidney failure progression.53 One of the controversies
of our correlation study is the inverse association
between eGFR dynamic and Faecalibacterium abundance.
Faecalibacterium,especially prausnitzii subspecies, also known
as a next-generation probiotic, plays an important role in
gut physiology and human health.54 Observed correlations
have not been described in similar studies, so further inves-
tigation on the subject is needed.

Microbiome analysis revealed a link between the Strepto-
coccus and Akkermansia genera, the Veillonellaceae and Bacter-
oidaceae families, and the hsCRP dynamic. Although most
of the Streptococcus spp. are regular gut commensals with
possible beneficial effects, some of the species are known
to trigger macrophage activity through Toll-like receptor
pathways, driven by immunogenic bacterial products.55

The reports on the role of Akkermansia in the gut health
of renal patients are mixed. On one hand, it is known
that Akkermansia has a positive effect on gut mucosa integ-
rity, but it seems that increased relative abundance ofAkker-
mansia follows the progression of CKD, especially in
sarcopenic renal patients.56 A similar point can be said for
Veillonella spp. of the Veillonellaceae family, which is
frequently linked to sarcopenia, old age, and frailty.57 The
Bacteroidaceae family is a heterogeneous one, mostly
depleted inCKDpatients. There are no reports of a possible
correlation ofBacteroidaceaewith inflammatory syndrome in
renal patients, but its connection with elevated hsCRP in
ankylosing spondylitis has been previously described.58

GSRS analysis proved that synbiotics significantly
ameliorated constipation, one of the most prevalent gastro-
intestinal symptoms of CKDpatients.59 Although constipa-
tion is usually perceived as a benign and minor discomfort,
in CKD patients, it is often associated with significant mi-
crobiome alteration and increased gut barrier permeability
with an effect on systemic inflammation and CV risk.60,61

Therefore, we must consider the possibility that better
clearance of gut-derived uremic toxins with improved gut
transit times could have played a part in the observed effect
of synbiotic treatment.
Despite the single-center design, a relatively small sample

size, and short duration of the study that could have an ef-
fect on statistical power for detection of more substantial
changes, the main strength of our study is its randomized,
double-blind, placebo-controlled design, strict control of
antibiotic usage, and diet prescription together with micro-
biome analysis, which is described in only 2 synbiotic inter-
vention studies of CKD patients to date.

Practical Application
Synbiotic treatment appears to be safe and may lead to a

favorablemodification of gutmicrobiome and reduced serum
level of IS, increased glomerular filtration rate, and decreased
inflammation inpatientswithCKD.Larger trials are indicated.

Credit Authorship Contribution
Statement

Milo�s Mitrovi�c: Conceptualization, Funding acquisi-
tion, Investigation, Methodology, Project administration,
Visualization, Writing – original draft. Verica

Stankovi�c-Popovi�c: Funding acquisition, Project admin-
istration, Writing – review & editing. Maja Tolina�cki:
Data curation, Investigation, Methodology.Nata�sa Goli�c:
Data curation, Investigation, Writing – review & editing.
Svetlana Sokovi�c Baji�c: Data curation, Formal analysis,
Investigation,Writing – original draft.Katarina Veljovi�c:
Investigation. Branislav Nastasijevi�c: Data curation,
Investigation, Methodology. Ivan Soldatovi�c: Formal
analysis, Project administration, Project administration,
Software, Supervision. Petar Svorcan: Conceptualiza-
tion, Writing – review & editing. Nada Dimkovi�c:
Conceptualization, Methodology, Visualization, Writing
– review & editing.

Acknowledgments
The authors would like to thank PharmaS d.o.o. for the donation of

synbiotic and placebo material.



THE IMPORTANCE OF SYNBIOTICS IN CKD PATIENTS 287
Supplementary Data

Supplementary data related to this article can be found at https://doi.

org/10.1053/j.jrn.2022.07.008.
References
1. Relman DA. The human microbiome and the Future practice of med-

icine. JAMA. 2015;314:1127-1128.

2. Vaziri ND, Yuan J, Norris K. Role of urea in intestinal barrier Dysfunc-

tion and Disruption of epithelial Tight Junction in chronic kidney disease.Am

J Nephrol. 2013;37:1-6.

3. Meijers B, Farr�e R, Sander D, VicarioM, Evenepoel P. Intestinal barrier

function in chronic kidney disease. Toxins. 2018;10:E298.

4. Cosola C, Teresa Rocchetti M, Cupisti A, Gesualdo L. Microbiota Me-

tabolites: Pivotal Players of cardiovascular Damage in chronic kidney disease.

Pharmacol Res. 2018;130:132-142.

5. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, et al. Chronic

kidney disease and cardiovascular risk: Epidemiology, Mechanisms, and pre-

vention. Lancet (London, England). 2013;382:339-352.

6. Wu C-L, Der-Cherng T. Targeting uremic toxins to prevent Peripheral

vascular complications in chronic kidney disease. Toxins. 2020;12:808.

7. Nakabayashi I, Nakamura M, Kawakami K, et al. Effects of synbiotic

treatment on serum level of P-Cresol in Haemodialysis patients: a Preliminary

study. Nephrol Dial Transplant. 2011;26:1094-1098.

8. Guida B, German�o R, Trio R, et al. Effect of short-Term synbiotic

treatment on Plasma p-Cresol levels in patients with chronic renal failure: a

randomized clinical trial. Nutr Metab Cardiovasc Dis. 2014;24:1043-1049.

9. Daniela V-H, FabiolaM-S, FabiolaM-del-C, et al. Effect of a Symbiotic

Gel (Lactobacillus acidophilus1 Bifidobacterium lactis1 inulin) on presence

and severity of gastrointestinal symptoms in hemodialysis patients. J Ren Nutr.

2015;25:284-291.

10. Sirich TL, Plummer NS, Gardner CD, Hostetter TH, Meyer TW. Ef-

fect of increasing dietary fiber on Plasma levels of Colon-derived Solutes in

hemodialysis patients. Clin J Am Soc Nephrol CJASN. 2014;9:1603-1610.

11. Cruz-Mora J, Mart�ınez-Hern�andez NE, Mart�ın del Campo-L�opez F,
et al. Effects of a Symbiotic on gut microbiota in Mexican patients with

end-Stage renal disease. J Ren Nutr. 2014;24:330-335.

12. Wang I-K, Wu Y-Y, Yang Y-F, et al. The effect of probiotics on serum

levels of cytokine and Endotoxin in Peritoneal dialysis patients: a Randomised,

double-blind, placebo-controlled trial. Beneficial Microbes. 2015;6:423-430.

13. Poesen R, Evenepoel P, de Loor H, et al. The influence of prebiotic

Arabinoxylan Oligosaccharides onmicrobiota derived uremic Retention Sol-

utes in patients with chronic kidney disease: a randomized controlled trial.

PLoS One. 2016;11:e0153893.

14. Rossi M, Johnson DW,Morrison M, et al. Synbiotics Easing renal fail-

ure by improving gut Microbiology (SYNERGY): a randomized trial. Clin J

Am Soc Nephrol CJASN. 2016;11:223-231.

15. Borges NA, Carmo FL, Stockler-Pinto MB, et al. Probiotic supple-

mentation in chronic kidney disease: a double-blind, randomized, placebo-

controlled trial. J Ren Nutr. 2018;28:28-36.

16. Lopes R de CSO, Theodoro JMV, da Silva BP, et al. Synbiotic meal de-

creases uremic toxins in hemodialysis Individuals: a placebo-controlled trial.

Food Res Int (Ottawa, Ont). 2019;116:241-248.

17. McFarlane C, Ramos CI, Johnson DW, Campbell KL. Prebiotic, pro-

biotic, and synbiotic supplementation in chronic kidney disease: a Systematic

review and meta-analysis. J Ren Nutr. 2019;29:209-220.

18. Raosoft Software. Calculate Your sample size. http://www.raosoft.

com/samplesize.html. Accessed September 1, 2019.

19. Ikizler T, Burrowes JD, Byham-Gray LD, et al. ‘‘KDOQI clinical prac-

tice guideline for nutrition in CKD: 2020 Update. Am J Kidney Dis.

2020;76(3 Suppl 1):S1-S107.

20. Sealed Envelope Ltd. Create a blocked randomisation list. https://www.

sealedenvelope.com/simple-randomiser/v1/lists;. Accessed February 1, 2020.
21. Jungersen Mikkel, Wind Anette, Johansen Eric, Christensen Jeffrey E,

Stuer-Lauridsen Birgitte, Eskesen Dorte. The Science behind the probiotic

strain Bifidobacterium Animalis Subsp. lactis BB-12(�). Microorganisms.

2014;2:92-110.

22. Larsen CN, Nielsen S, Kæstel P, et al. Dose–response study of probiotic

bacteria Bifidobacterium Animalis Subsp lactis BB-12 and Lactobacillus Para-

casei Subsp Paracasei CRL-341 in Healthy Young Adults. Eur J Clin Nutr.

2006;60:1284-1293.

23. Poggio ED,Wang X, Greene T, Van Lente F, Hall PM. Performance of

the modification of diet in renal disease and Cockcroft-Gault Equations in the

estimation of GFR in health and in chronic kidney disease. J Am Soc Nephrol

JASN. 2005;16:459-466.

24. Dimen€as E, Carlsson G, Glise H, Israelsson B,Wiklund I. Relevance of

Norm values as part of the Documentation of quality of life Instruments for

Use in Upper gastrointestinal disease. Scand J Gastroenterol. 1996;(Supplement

221):8-13.

25. Pretorius CJ, McWhinney BC, Sipinkoski B, et al. Reference Ranges

and Biological Variation of free and total serum indoxyl- and p-cresyl Sulphate

measured with a Rapid UPLC Fluorescence detection method. Clinica Chim

Acta Int J Clin Chem. 2013;419:122-126.

26. AwwadHM,Geisel J, ObeidR. Determination of trimethylamine, tri-

methylamine N-oxide, and Taurine in human Plasma and urine by UHPLC–

MS/MS Technique. J Chromatogr B. 2016;1038:12-18.

27. Caporaso JG, Lauber CL, Walters WA, et al. Ultra-high-throughput

microbial community analysis on the Illumina HiSeq and MiSeq platforms.

ISME J. 2012;6:1621-1624.

28. Edgar RC. UPARSE: Highly Accurate OTU sequences from micro-

bial Amplicon reads. Nat Methods. 2013;10:996-998.

29. Wang Q, Garrity GM, Tiedje JM, Cole JR. Na€ıve Bayesian Classifier

for Rapid Assignment of RRNA sequences into the New bacterial Taxon-

omy. Appl Environ Microbiol. 2007;73:5261-5267.

30. Quast C, Pruesse E, Yilmaz P, et al. The SILVA ribosomal RNA gene

database Project: improved data processing andWeb-based Tools.Nucleic Acids

Res. 2012;41:D590-D596.

31. Jia L, Jia Q, Yang J, Jia R, Zhang H. Efficacy of probiotics supplemen-

tation on chronic kidney disease: a Systematic review and meta-analysis. Kid-

ney Blood Press Res. 2018;43:1623-1635.

32. Muteliefu G, Enomoto A, Jiang P, Takahashi M, Niwa T. Indoxyl Sul-

phate induces Oxidative stress and the Expression of osteoblast-specific pro-

teins in vascular smooth muscle cells. Nephrol Dial Transplant.

2009;24:2051-2058.

33. Shimizu H, Bolati D, Ayinuer A, et al. NF-KB plays an important role

in indoxyl sulfate-induced Cellular Senescence, fibrotic gene Expression, and

inhibition of Proliferation in Proximal Tubular cells. Am J Physiol Cell Physiol.

2011;301:C1201-C1212.

34. Shimizu H, Bolati D, Ayinuer A, et al. Indoxyl sulfate Downregulates

renal Expression of Klotho through production of ROS and activation of Nu-

clear factor-KB. Am J Nephrol. 2011;33:319-324.

35. Danesh J, Wheeler JG, Hirschfield GM, et al. C-reactive protein and

other circulating markers of inflammation in the prediction of Coronary

Heart disease. New Engl J Med. 2004;350:1387-1397.

36. Thongprayoon C, KaewputW, Hatch ST, et al. Effects of probiotics on

inflammation and uremic toxins among patients on dialysis: a Systematic re-

view and meta-analysis. Dig Dis Sci. 2019;64:469-479.

37. Zheng HJ, Guo J, Wang Q, et al. Probiotics, prebiotics, and synbiotics

for the improvement of metabolic profiles in patients with chronic kidney dis-

ease: a Systematic review and meta-analysis of randomized controlled trials.

Crit Rev Food Sci Nutr. 2021;61:577-598.

38. Al-Sadi R, Ye D, Boivin M, et al. Interleukin-6 Modulation of intes-

tinal epithelial Tight Junction permeability is Mediated by JNK pathway acti-

vation of Claudin-2 gene. PLoS ONE. 2014;9:e85345.

39. Kano M, Masuoka N, Kaga C, et al. Consecutive intake of fermented

milk containing Bifidobacterium Breve strain Yakult and Galacto-

Oligosaccharides benefits Skin condition in Healthy AdultWomen. Biosci Mi-

crobiota Food Health. 2013;32:33-39.

https://doi.org/10.1053/j.jrn.2022.07.008
https://doi.org/10.1053/j.jrn.2022.07.008
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref1
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref1
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref2
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref2
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref2
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref3
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref3
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref3
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref4
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref4
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref4
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref5
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref5
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref5
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref6
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref6
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref7
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref7
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref7
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref8
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref8
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref8
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref8
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref9
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref9
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref9
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref9
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref9
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref9
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref10
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref10
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref10
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref11
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref11
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref11
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref11
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref11
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref11
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref11
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref12
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref12
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref12
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref13
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref13
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref13
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref13
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref14
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref14
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref14
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref15
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref15
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref15
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref16
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref16
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref16
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref17
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref17
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref17
http://www.raosoft.com/samplesize.html
http://www.raosoft.com/samplesize.html
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref19
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref19
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref19
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref19
https://www.sealedenvelope.com/simple-randomiser/v1/lists
https://www.sealedenvelope.com/simple-randomiser/v1/lists
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref21
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref21
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref21
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref21
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref22
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref22
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref22
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref22
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref23
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref23
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref23
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref23
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref24
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref24
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref24
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref24
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref24
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref25
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref25
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref25
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref25
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref26
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref26
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref26
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref27
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref27
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref27
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref28
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref28
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref29
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref29
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref29
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref29
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref30
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref30
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref30
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref31
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref31
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref31
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref32
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref32
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref32
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref32
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref33
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref33
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref33
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref33
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref34
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref34
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref34
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref35
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref35
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref35
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref36
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref36
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref36
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref37
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref37
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref37
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref37
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref38
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref38
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref38
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref39
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref39
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref39
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref39


MITROVI�C ET AL288
40. Zhang X, Fang Z, Zhang C, et al. Effects of Acarbose on the gut mi-

crobiota of Prediabetic patients: a randomized, double-blind, controlled

Crossover trial. Diabetes Ther. 2017;8:293-307.

41. Leclercq S, Matamoros S, Cani PD, Neyrinck AM. François Jamar, Pe-

ter St€arkel, Karen Windey, et al. ‘‘Intestinal Permeability, Gut-Bacterial Dys-

biosis, and Behavioral Markers of Alcohol-Dependence Severity. Proc Natl

Acad Sci. 2014;111:E4485-E4493.

42. Louis S, Tappu R-M, Damms-Machado A, Huson DH, Bischoff SC.

Characterization of the gut microbial community of obese patients following

a Weight-Loss intervention using whole Metagenome Shotgun sequencing.

PLOS ONE. 2016;11:e0149564.

43. Matthias Van H, Le Roy T, Prifti E, et al. From correlation to Causal-

ity: the Case of Subdoligranulum. Gut Microbes. 2020;12:1849998.

44. Gryaznova MV, Solodskikh SA, Panevina AV, et al. Study of micro-

biome changes in patients with Ulcerative colitis in the Central European

part of Russia. Heliyon. March 2021;7:e06432.

45. Xu K-Y, Xia G-H, Lu J-Q, et al. Impaired renal function andDysbiosis

of gut microbiota Contribute to increased trimethylamine-N-oxide in

chronic kidney disease patients. Scientific Rep. 2017;7:1445.

46. Liu G, Hao Y, Yang Q, Deng S. The association of fecal microbiota in

ankylosing spondylitis Cases with C-reactive protein and Erythrocyte Sedi-

mentation rate. Mediators Inflamm 2020. 2020:1-8.

47. Larsen JM. The Immune Response to Prevotella bacteria in chronic in-

flammatory disease. Immunology. 2017;151:363-374.

48. Elinav E, Till S, Kau AL, et al. NLRP6 inflammasome Regulates

colonic microbial Ecology and risk for colitis. Cell. 2011;145:745-757.

49. Zhu L, Liu W, Alkhouri R, et al. Structural changes in the gut micro-

biome of constipated patients. Physiol Genomics. 2014;46:679-686.

50. Bryrup T, ThomsenCW, Kern T, et al. Metformin-induced changes of

the gut microbiota in Healthy Young men: results of a non-Blinded, one-

Armed intervention study. Diabetologia. 2019;62:1024-1035.
51. Seishima J, Iida N, Kitamura K, et al. Gut-derived Enterococcus fae-

cium fromUlcerative colitis patients promotes colitis in a Genetically Suscep-

tible Mouse Host. Genome Biol. 2019;20:252.

52. Wang X, Allen TD, May RJ, Stanley L, Houchen CW, Huycke MM.

Enterococcus Faecalis induces Aneuploidy and Tetraploidy in colonic epithe-

lial cells through a Bystander effect. Cancer Res. 2008;68:9909.

53. Dart A. Microbial defence against Cancer. Nat Rev Cancer.

2020;20:200.

54. Lun H, Yang W, Zhao S, et al. Altered gut microbiota and microbial

Biomarkers associated with chronic kidney disease. MicrobiologyOpen.

2019;8:e00678.

55. Bik EM, Eckburg PB, Gill SR, et al. Molecular analysis of the bacterial

microbiota in the human Stomach. Proc Natl Acad Sci. 2006;103:732-737.

56. Margiotta E, Caldiroli L, Luisa Callegari M, et al. Association of sarco-

penia and gut microbiota composition in older patients with Advanced

chronic kidney disease, investigation of the Interactions with uremic toxins,

inflammation and Oxidative stress. Toxins. 2021;13:472.

57. Jackson MA, Jeffery IB, Beaumont M, et al. Signatures of Early Frailty

in the gut microbiota. Genome Med. 2016;8:8.

58. Costello M-E, Ciccia F, Willner D, et al. Brief report: intestinal Dys-

biosis in ankylosing spondylitis: gut microbiome and AS-related genes.

Arthritis Rheum. 2015;67:686-691.

59. Cano AE, Neil AK, Kang J-Y, et al. Gastrointestinal symptoms in pa-

tients with end-Stage renal disease Undergoing treatment by hemodialysis or

Peritoneal dialysis. Am J Gastroenterol. 2007;102:1990-1997.

60. Khalif I, Quigley E, Konovitch E, Maximova I. Alterations in the

colonic flora and intestinal permeability and evidence of Immune activation

in chronic constipation. Dig Liver Dis. 2005;37:838-849.

61. Sabatino A, Regolisti G, Brusasco I, Cabassi A, Morabito S,

Fiaccadori E. Alterations of intestinal barrier and microbiota in chronic kid-

ney disease. Nephrol Dial Transplant. 2015;30:924-933.

http://refhub.elsevier.com/S1051-2276(22)00152-2/sref40
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref40
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref40
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref41
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref41
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref41
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref41
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref41
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref41
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref41
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref42
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref42
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref42
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref42
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref43
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref43
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref44
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref44
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref44
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref45
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref45
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref45
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref46
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref46
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref46
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref47
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref47
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref48
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref48
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref49
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref49
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref50
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref50
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref50
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref51
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref51
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref51
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref52
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref52
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref52
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref53
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref53
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref54
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref54
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref54
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref55
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref55
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref56
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref56
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref56
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref56
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref57
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref57
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref58
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref58
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref58
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref59
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref59
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref59
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref60
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref60
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref60
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref61
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref61
http://refhub.elsevier.com/S1051-2276(22)00152-2/sref61

	The Impact of Synbiotic Treatment on the Levels of Gut-Derived Uremic Toxins, Inflammation, and Gut Microbiome of Chronic K ...
	Introduction
	Materials and Methods
	Study Design and Participants
	Diet
	Randomization
	Intervention
	Outcome Measures
	Determination of Uremic Toxins
	Stool Microbiome Determination
	Safety Data
	Statistical Analysis

	Results
	Primary Outcomes
	Secondary Outcomes
	Biochemical Parameters
	Stool Microbiome Dynamic
	Bacterial Families and Genera Correlated With Clinical Measures
	Dietary Factors
	Gastrointestinal Symptoms and Safety Data

	Discussion
	Practical Application
	Credit Authorship Contribution Statement
	Acknowledgments
	Supplementary Data
	References


