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Abstract 

Background:  Indoxyl sulfate (IS) is produced by action of the intestinal flora on tryptophan in protein diet, and it is 
normally excreted by the kidney. IS is a protein-bound uremic toxin, and it is difficult to be removed by conventional 
hemodialysis (HD) methods; so, it accumulates in HD patients and may contribute to major cardiovascular morbidity 
and mortality.

Aim:  To study the effect of dietary synbiotic (prebiotic and probiotic) supplementation on IS level in prevalent HD 
patients.

Patients and methods:  This single-blind, placebo-controlled trial was conducted on 80 prevalent HD patients 
(between January 2017 and March 2017) in Ain Shams University Hospital. Patients were divided into 2 groups: group 
1 was given synbiotic (SYN) and group 2 was given placebo for 6 weeks. Blood levels of IS, CRP, creatinine, blood urea 
nitrogen (BUN), sodium, potassium, calcium, and phosphorus were measured at baseline and after 6 weeks.

Results:  There was a significant reduction in serum IS level in groups 1 and 2 in comparison to their baselines (P 
value = 0.000 and 0.019 respectively); however, the change in IS level in group 1 after SYN supplementation (64% with 
IR 72.38–33.33) was more than that shown in group 2 (did not receive SYN) (18.47% with IR 26.75–26.75) with a highly 
significant P value, 0.000. Also, there were significant reductions in the levels of creatinine, BUN, phosphorus (P values 
< 0.001), and CRP (P values 0.002) in group 1 respectively with no similar changes noticed in group 2.

Conclusion:  SYN supplementation in HD patients can reduce serum levels of IS and other uremic toxins like BUN and 
creatinine. Also, it may help to reduce serum phosphorus and CRP levels.
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Background
Indoxyl sulfate is a major protein-bound uremic toxin 
produced by the action of gut microbiota on tryptophan 
amino acid in dietary protein. Gut microbiota converts 
tryptophan to indole; then, it is conjugated with sulfate in 
the liver to form IS [1]. Serum IS levels are 10–20 times 

higher in HD patients compared to normal people due to 
its poor dialysis clearance as it is a protein-bound uremic 
toxins [2].

Elevated IS levels in chronic kidney disease (CKD) 
are associated with hazardous effects like progression 
of CKD [3] cardiovascular disease (CVD) and all-cause 
mortality in HD patients [4].

The gut microbiome consisted of more than 100 trillion 
bacterial cells which has a beneficial effect to their hosts 
[5]. In CKD patients, there is an alteration of the normal 
gut microbiome (dysbiosis) with an increase in aerobic 
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and anaerobic bacteria and decreases in Prevotellaceae 
and Lactobacillaceae families [6]. Dysbiosis is associated 
with abnormal production of uremic toxins which can be 
corrected by supplementation of specific types of probi-
otics and prebiotics [7].

The prebiotics are non-digestible dietary fibers that 
escape digestion in intestine and promote growth of com-
mensal bacteria in the colon [8], and oligo​sacch​arides are 
considered to be the main source of prebiotics that have 
been identified [9]. Both Lactobacillus and Bifidobacteria 
can ferment prebiotics resulting in the production of the 
beneficial short chain fatty acids [10]. Prebiotic supple-
mentation alone can decrease gut derived bacterial tox-
ins as IS and p-cresyl sulfate (PCS) and can decrease the 
progression of CKD [11], as prebiotics can enhance the 
development and proliferation of beneficial gut micro-
biota either naturally present in the gut or supplied exter-
nally as probiotic [12].

Probiotic had been defined as “living microorganisms 
which when given in adequate amounts results in benefi-
cial outcomes to the host” [13], and a meta-analysis by Jia 
et al. show that probiotic supplementation can decrease 
PCS in CKD patients [14].

Methods
Aim of the study
The aim of the study was to investigate the effects of SYN 
(co-administration of pre- and probiotics) as a potential 
treatment for reducing IS production in HD patients.

Study design
This study was a single-center, single-blind, placebo-con-
trolled, randomized trial. Participants have undergone 
allocation into either SYN supplements (group 1) or pla-
cebo (group 2) for 6 weeks. Laboratory profile was per-
formed prior to and after the end of the 6 weeks to assess 
the effect of the given SYN.

Ethical considerations
Ethical approval has been granted through the Human 
Research Ethics Committee, Ain Shams University, 
Egypt, on 17 March 2016; reference number of approval: 
69/2016.

Target population
The trial recruited 80 prevalent HD patients undergo-
ing regular HD at the Ain Shams University HD Unit 
for at least 6 months before the start of the study, aged ≥ 
18 years, and able to provide informed consent.

Exclusion criteria

1.	 Receiving/or have received radiation to the bowel or 
large bowel resection

2.	 Consumed prebiotics or probiotics or antibiotic ther-
apy within 1 month of study commencement

3.	 Previously diagnosed with irritable bowel syndrome, 
Crohn’s disease, or ulcerative colitis

4.	 Severely malnourished or severely immune-compro-
mised patients

5.	 Patients who had acute gastroenteritis during the 
study or in the last month before the study

6.	 Antibiotic therapy in the last month before the study 
or during the study

7.	 Any patient who has severe alteration of bowel habits 
during the study, e.g., diarrhea

Dietary counseling
All participants have undergone dietary counseling 
to establish baseline dietary fiber intakes. Patients 
were encouraged to maintain stable protein and fiber 
intakes, with specific attention to maintaining the 
same sources of these nutrients (i.e., animal vs. plant 
protein and soluble vs. insoluble fiber) throughout 
the study.

Prebiotic and probiotic intervention
For probiotic, Lactobacillus and Bifidobacteria genera 
were selected as they have a very limited ability to pro-
duce IS, and the probiotics in this study contained at 
least 2 billion colony-forming units (CFU) in the form 
of yoghurt prepared by the Dairy and Food Microbiol-
ogy lab of the National Research Center, Egypt, includ-
ing 5 bacterial strains:

1.	 Lactobacillus rhamnosus
2.	 Lactobacillus acidophilus
3.	 Lactobacillus casei
4.	 Bifidobacterium brevis
5.	 Bifidobacterium longum

The prebiotic component included lactulose syrup 
by the dose of 15 g/day in the early morning period.

Supplement dosing and duration
For the study group, a daily dose of 15 g of prebiotics 
(lactulose) mixed with 10 g of the probiotic (each gram 
containing 1 × 109 colony-forming units (CFU)) was 
given to the study group for 6 weeks. The dosage of 
prebiotics and probiotics is based on previous success-
ful trials [15].

https://en.wikipedia.org/wiki/Oligosaccharide
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Both prebiotic and probiotic were mixed together 
in one can, and patients were given 7 cans weekly at 
the beginning of the dialysis week for each patient 
and were instructed to take only one can daily, and 
this was repeated for 6 weeks at the beginning of the 
dialysis week.

For the placebo group, they received only ordinary 
yogurt cans prepared by the Dairy and Food Microbiol-
ogy lab of the National Research Center, and the start-
ers for this yoghurt were Streptococcus thermophilus and 
Lactobacillus bulgaricus which are not probiotics (with-
out the 5 strains of bacteria and was not mixed with any 
prebiotic).

All patients were asked to keep the synbiotic (study 
group) or the ordinary yogurt (placebo group) in the 
refrigerator.

Randomization
Simple randomization method using tables of random 
numbers was used to allocate patients who are meeting 
the inclusion and exclusion criteria in either study group 
or placebo group.

Primary outcome
Serum IS
Venous blood was collected following an overnight fast 
at 2 time points throughout the study (i.e., before initia-
tion of SYN and 6 weeks later) before the dialysis session. 
Samples were centrifuged at 3000 rpm for 10 min before 
being stored at − 80 °C. Samples were sent for analysis of 
serum concentration of IS using ELISA.

Participants were provided with a standard evening 
meal preceding their overnight fast before each blood 
collection.

Secondary outcomes
The following parameters were assessed at baseline and 
after 6 weeks before the dialysis session: blood hemo-
globin (Hb), serum creatinine, BUN, sodium, potassium, 
calcium, phosphorus, and CRP.

Safety and adherence
No serious adverse events were reported to the ethics 
committee, whether deemed to be supplement related or 
not. All participants showed adherence to supplements.

Statistical analysis
Data recorded were analyzed by the Statistical Package 
for Social Sciences, version 20.0 (SPSS Inc., Chicago, 
IL, USA). Normally distributed quantitative values were 
presented as mean ± standard deviation (SD), while non-
normally distributed quantitative values were expressed 
as median and interquartile range (IR). Qualitative values 

were presented as frequency and percentage. When com-
paring between two means, independent samples t-test 
of significance was used. Independent Kruskal-Wallis test 
and independent sample Mann-Whitney test were used 
for comparing non-parametric quantitative variables 
between groups. Chi-square (χ2) test of significance was 
used to compare proportions between qualitative param-
eters. The confidence interval was set to 95%, and the 
margin of error accepted was set to 5%. So, the P value 
was considered significant if P value ≤ 0.05 and highly 
significant with P value ≤ 0.001, while P value > 0.05 was 
considered insignificant.

Results
This study was conducted on 80 prevalent HD patients 
recruited from the Ain Shams University Hospital which 
were divided into 2 groups: group 1 received SYN for 
6 weeks, and group 2 received placebo.

Both groups were comparable as regards age, sex, dura-
tion of HD, and etiology of renal failure with non-signifi-
cant P value 0.11, 1.0, 0.06, and 0.70, respectively.

At baseline, there was no significant difference between 
both groups as regards IS level and other laboratory tests 
(Table 1).

After 6 weeks, there was a highly significant reduction 
of IS in the SYN group and significant reduction in the 
placebo group (Table  2), P value 0.00 and 0.019 respec-
tively, but the change in serum IS was more evident in the 
synbiotic group compared to the placebo group (Table 3) 
with a highly significant P value of 0.00.

There was a significant reduction in serum levels of 
creatinine, BUN, phosphorus, and CRP after 6 weeks of 
SYN supplementation, P value < 0.001, < 0.001, < 0.001, 
and 0.002 respectively, with no similar changes in the 
other group (Table 2).

Discussion
In CKD patients, there is alteration in the normal intesti-
nal flora (dysbiosis) with predominance of harmful bac-
teria which results in increased production of gut uremic 
toxins with increased permeability of intestinal barrier to 
these products as endotoxins, amines, and phenols [16].

The aim of this study was to establish the effect of SYN 
administration on serum IS levels in HD patients.

Participants were provided with either SYN therapy 
or placebo for 6 weeks. All patients completed the study, 
and no drop-out was observed, and follow up samples 
were obtained after the 6-week trial period.

The primary outcome was serum IS level; the second-
ary outcomes included Hb, creatinine, BUN, sodium, 
potassium, calcium, phosphorus, and CRP levels.

IS which is a gut derived, protein-bound uremic 
toxin and difficult to be cleared with HD has been 
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Table 1  Comparison between symbiotic and placebo group as regards mean age, dry body weight, IS, and other laboratory data at 
baseline

t Unpaired student sample t test

Group Group 1 Group 2 t P value

Age (year) Mean ± SD 44.45 ± 11.7 48.30 ± 9.60 1.12 0.11

Dry body weight (kg) Mean ± SD 63.25 ± 13.71 59.78 ± 14.70 0.9 0.28

IS (mg/l) Mean ± SD 22.875 ± 8.971 24.563 ± 12.565 − 0.691 0.491

Hb (g/dl) Mean ± SD 10.55 ± 1.602 10.558 ± 1.74 − 0.02 0.984

Creatinine (mg/dl) Mean ± SD 7.985 ± 0.914 7.543 ± 1.355 1.711 0.091

BUN (mg/dl) Mean ± SD 38.300 ± 9.988 35.950 ± 9.933 1.055 0.295

Potassium (mg/dl) Mean ± SD 4.61 ± 0.438 4.583 ± 0.654 0.221 0.826

Sodium (mg/dl) Mean ± SD 132.75 ± 1.515 132.2 ± 1.843 1.458 0.149

Calcium (mg/dl) Mean ± SD 8.385 ± 0.807 8.355 ± 0.642 0.184 0.854

Phosphorus (mg/dl) Mean ± SD 4.58 ± 1.356 4.175 ± 1.428 1.301 0.197

CRP (mg/dl) Mean ± SD 11.1 ± 11.001 9 ± 6.928 1.022 0.31

Table 2  Comparison in both groups at baseline and after 6 weeks of SYN or placebo supplementation as regards different laboratory 
results

T Paired t test, Z Independent Kruskal-Wallis test

Group 1 Group 2

Before
Mean ± SD

After
Mean ± SD

Test P value Before
Mean ± SD

After
Mean ± SD

t P value

Indoxyl sulfate (mg/l) Median: 20
IR: 17.5–28

Median: 8
IR: 6–11.5

Z
− 5.446c

< 0.000 Median: 22
IR: 17.5–29

Median 17.5 IR: 12–25.5 Z
− 2.349c

0.019

Hb (g/dl) 10.5 ± 1.60 10.7 ± 1.77 T 0.249 10.5 ± 1.74 10.4 ± 1.63 T 0.735

Creatinine (mg/dl) 7.985 ± 0.914 7.58 ± 0.946 T < 0.001 7.5 ± 1.35 7.4 ± 1.31 T 0.084

BUN (mg/dl) 38.3 ± 9.98 33.2 ± 10.15 T < 0.001 35.9 ± 9.93 34.6 ± 9.16 T 0.137

Potassium (mg/dl) 4.61 ± 0.438 4.5 ± 0.52 T 0.387 4.5 ± 0.65 4.5 ± 0.62 T 0.069

Sodium (mg/dl) 132.7 ± 1.515 132.7 ± 1.51 T 0.812 132.2 ± 1.84 132.3 ± 2.11 T 0.626

Calcium (mg/dl) 8.38 ± 0.80 8.4 ± 0.63 T 0.384 8.3 ± 0.64 8.3 ± 0.66 T 0.177

Phosphorus 4.58 ± 1.356 4.135 ± 1.329 T < 0.001 4.1 ± 1.42 4.1 ± 1.35 T 0.468

CRP (mg/dl) Median: 6
IR: 6–12

Median: 6
IR: 6–6

Z
− 3.095

0.002 Median: 6
IR: 6–12

Median: 6
IR: 6–12

Z
− 1.414

0.157

Table 3  Comparison of change in IS between both groups

U Mann-Whitney test, Z Independent Kruskal-Wallis test

Group Symbiotic group Placebo group Test P value

Before Median
IR

20
17.5–28

22
17.5–29

U
− 0.280

0.780

After Median
IR

8
6–11.5

17.5
12–25.5

U
− 5.214

0.000

Test Z − 5.446 − 2.349

P value 0.000 0.019
% Of change Median (IR) 64% 72.38–33.33 18.47% 26.75–26.75 U − 5.130 0.000
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associated with increased CVD and total mortality in 
HD patients [17].

Although there was significant reduction in serum IS 
level in groups 1 and 2 in comparison to their baselines 
(P value = 0.000 and 0.019 respectively), the change in IS 
level in group 1 (64% with IR 72.38–33.33) was more than 
that shown in group 2 (18.47% with IR 26.75–26.75) with 
a highly significant P value 0.000 which is attributed to 
the supplementation of SYN to group 1.

In the study group, reduction in IS level could be 
explained by the effect of synbiotic given to the patient, 
while in the placebo group, reduction of IS may be sec-
ondary to the usage of yoghurt as placebo which may 
contain some beneficial bacteria like Lactobacillus, 
and this shows that using even ordinary yoghurt may 
decrease IS level in HD patients.

In agreement with our study is the study done by 
Takayama et al. in which oral administration of SYN for 
5 weeks (Bifidobacterium longum with 0.11 g of oligosac-
charides) resulted in the decrease in serum levels of IS 
in HD patients [18]. Also, a study by Taki et al. showed 
significant reduction in IS level in HD patients after oral 
administration of Bifidobacterium longum in a gastro-
resistant seamless capsule [19]. Similar results were 
established by Ogawa et  al. where significant reduction 
in serum IS level were noticed in HD patients after oral 
administration of synbiotic (Bifidobacterium longum 
together with oligosaccharides) with no similar finding in 
the control group [20].

On the other hand, the double-blind placebo-con-
trolled crossover SYNERGY study (Synbiotics Eas-
ing Renal Failure by Improving Gut Microbiology) 
conducted on 37 CKD pre-dialysis patients shown that 
there was no significant difference in serum IS levels 
after SYN supplementation for 6 weeks between both 
groups. However, this non-agreement with our study 
may be attributed to the difference in the study popu-
lation (CKD patients were included, not hemodialysis 
patients as in our study) [21].

Some of the secondary outcomes varied significantly 
before and after the trial (creatinine, BUN, phosphorus, 
CRP), while others did not show such variation (potas-
sium, sodium, calcium).

In this study, there was significant reduction in serum 
creatinine level in synbiotic group (P < 0.001) with no 
similar changes in group 2 (P value = 0.084). Also, there 
was a significant reduction of BUN in group 1 (P value 
< 0.001) after 6 weeks of SYN supplementation with 
non-significant finding in group 2 (P value 0.137) which 
goes with the Alatriste et al. study in which thirty CKD 
patients received a probiotic (Lactobacillus casei Shirota: 
(LcS)), and there was a more than 10% decrease in the 
serum urea concentrations in patients with stage 3 and 

4 CKD who received the prebiotic [22]. Another study 
by Ranganathan et  al. showed a significant reduction of 
BUN in CKD patients after probiotic supplementation 
for 6 months (P < 0.05) [23].

Unlike a randomized double-blind controlled trial per-
formed by Guida et al. with 30 patients, CKD stages 3 to 
4 were randomized to receive either SYN or placebo for 
4 weeks, and no significant reduction in serum creatinine 
or BUN occurred during the study in both groups [20].

As regards serum phosphorus level, there was a highly 
significant reduction in phosphorus level in group 1 after 
6 weeks of SYN supplementation (P value < 0.001) and 
insignificant difference in group 2 (P value 0.468).

The reduction of serum phosphorus level may be due to 
the effect of Bifidobacteria and Lactobacillus bacteria in 
the probiotic which are potent phosphorus-accumulating 
organism. However, this finding needs further work up to 
be confirmed [24].

Ogawa et al. showed similar finding as SYN supplemen-
tation for 4 weeks in HD patients had led to a significant 
reduction in serum phosphorus level with no significant 
changes in the control group [20].

CRP was included in our study, as a marker of chronic 
inflammatory state, and there was no significant differ-
ence between both groups at baseline (P value = 0.31), 
but after 6 weeks of the trial, there was a significant 
reduction in CRP level in group 1 compared to baseline 
with a highly significant P value (P value = 0.002), and the 
difference in group 2 was comparable with a non-signifi-
cant P value (P = 0.157).

The reduction of CRP level may be due to the highly 
significant reduction of serum IS in the SYN group as IS 
is a pre-inflammatory uremic toxin [25].

This agrees with Natarajan et  al. in which there was 
significant reduction in CRP level after 2 months of 
probiotic supplementation [26]. Another study by Vira-
montes-Hörner showed that after 2 months of SYN sup-
plementation, there was significant reduction in CRP 
level compared to nonsignificant changes in the control 
group [27].

As regards the mean hemoglobin levels (Hb), there was 
no statistically significant difference between both groups 
before the intervention. The change in Hb before and 
after the trial was found to be non-statistically significant 
in both groups (P values 0.249 and 0.735 respectively).

The same applies to the results of potassium (K), 
sodium (Na), and calcium (Ca).

Conclusions
In prevalent HD patients, SYN supplementation can 
decrease the level of serum IS which is a protein-bound 
gut-derived toxin, and it is difficult to be removed by dif-
ferent dialysis methods. SYN supplementation to HD 
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patients also reduced serum creatinine, BUN, phospho-
rus, and CRP levels; however, this needs more studies to 
be confirmed.

Limitation of the study
The limitations in this study included adherence of out-
patient dialysis participants to same dietary habits during 
the study period which is doubtful despite dietary coun-
seling and using ordinary yoghurt as placebo which may 
contain probiotics like Lactobacillus bacteria.

Recommendation for future studies
Future studies should have larger sample size and longer 
follow-up duration and should focus on the benefits of 
reducing IS level like CVD risk factor biomarkers, e.g., 
lipid profile, and it is better to use capsules contain-
ing either the synbiotic or placebo instead of ordinary 
yoghurt which may contain probiotics. Also, further 
studies are needed to show the effect of SYN supplemen-
tation on levels of creatinine, BUN, phosphorus, potas-
sium, and its ability to delay dialysis in chronic kidney 
patients.
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