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Abstract

Introduction: Gut derived toxins such as p-cresol, p-cresyl sulfate (pCS) and indoxyl sulfate (IS), which belong to
protein-bound uremic toxins that promote development of fibrosis inflammatory state associated with chronic
kidney disease. One possible way to suppress the production of IS and pCS is to increase dietary fiber intake. The
aim of the present study was to assess whether increasing dietary fiber, as high amylose diet, can affect the level of
conventional and protein bound nitrogenous products.

Methods: Fifty patients with end stage renal disease (ESRD) on maintenance hemodialysis were randomly assigned
to receive a diet containing resistant starch (HAM-RS2) or placebo over 8 weeks spanning February and September
2017 in the 29 Bahman hospital hemodialysis ward in Tabriz, Iran. Of these, 44 patients (23 from HAM-RS2 and 21
control) completed the study. Plasma levels of urea, creatinine, uric acid and other routine parameters were
measured at the beginning and after 8 weeks of starting the supplementation. The levels of IS and p-cresol in the
collected serum samples were also determined by HPLC at baseline and after intervention.

Results: There was significant reduction of creatinine and uric acid levels in HAM-RS2 supplemented patients when
compared with control group (P < 0.05). Serum levels of IS was not changed significantly in both HAM-RS2 treated
and control patients, whereas p-cresol level was reduced significantly during the study period in HAM-RS2 treated
patients (P = 0.039). The change of other parameters including Hb, lipids, bone markers and hs-CRP were non-
significant during the study in both groups.

Conclusion: Administration of fermentable high fiber diet as HAM-RS2 decreased serum levels of some
nitrogenous products such as serum creatinine and p-cresol as a gut derived nitrogenous product without change
in IS levels in maintenance hemodialysis patients. Due to safety, without important side effects the administration
of diet enriched with fermentable fiber is suitable for patients on maintenance dialysis.
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Introduction
It has been established that beside high blood pressure
and diabetes, also disruption of normal gut microbiota
(dysbiosis) and derived inflammation, uremic toxicity and
oxidative stress are playing a role in the pathogenesis of
chronic kidney disease (CKD) and CKD-associated com-
plications [1, 2]. Uremia and dietary changes (e.g.
potassium-rich fruits free and low vegetables diet) are two
implicit factors that cause dysbiosis of the gut microbial,
which followed by production of several urease- posses-
sing bacteria including ammonia, phenols, indoles and
p-cresol [1, 3]. Bacterial flora derived toxins such as
p-cresol, p-cresyl sulfate (pCS) and indoxyl sulfate (IS) be-
long to protein-bound uremic toxins that activate innate
immunity and development of fibrosis, and hence pro-
mote the inflammatory state associated with CKD [4, 5].
Among the mentioned toxins, p-cresol is predominantly
produced by bacterial flora of the distal colon (e.g, Clos-
tridium bartletti, Clostridium butyricum, Clostridium per-
fringens, and Fusobacterium sp. etc.) during aromatic
amino acid fermentation metabolism [6]. Since IS and
pCS are protein bounded, they are poorly can be cleared
by hemodialysis (HD) [7].Given that previous studies re-
ported that p-cresol dysregulates hemostasis function of
blood cells, endothelial cells. In addition it has been pro-
posed that elevated p-cresol concentration results in in-
creased overall mortality and cardiovascular diseases in
nondiabetic hemodialysis patients [8, 9]. Decreased inges-
tion of dietary fiber can damage the mechanical wall of the
gut, which triggers dysbiosis and bacterial translocation into
the blood and micro-inflammation [10]. On the other hand,
high fiber diet can increase the production of short chain
fatty acids (SCFA), which is a crucial nutrient for regulatory
T lymphocytes (T reg) activation [11]. As T reg regulates in-
testinal immune system homeostasis, hence any dysregula-
tion of this pathway will associate with diet-related chronic
inflammatory diseases, such as seen in CKD [7]. In addition
to T reg, inflammation is augmented via migration of mono-
cytes and macrophages to the sites of inflammation [12].
Furthermore, results from previous studies suggest that

high dietary fiber therapy may alleviate the progression of
renal injury and kidney dysfunction in patients with CKD.
This hypotheses studied in animal model through study-
ing the impact of dietary fiber, high amylose maize resist-
ant starch type 2 (HAM-RS2), in a rodent model of CKD
with promising results [3] but has not been reported in
patients with CKD or on HD. One possible approach to
suppress the production of IS and pCS is to increase the
dietary fiber intake [13, 14].
The aim of present study is to further investigate the ef-

fects of diet enriched with resistant starch type 2(HAM-RS2)
on serum levels of conventional and gut microbiome-derived
nitrogenous waste products including p-cresol and IS in the
patients on maintenance hemodialysis.

Methods and materials
Study design
In a double-blind controlled randomized clinical trial, the ef-
fects of ingestion of resistant starch type 2 (HAM-RS2)
enriched diet was compared with placebo on conventional
and gut derived nitrogenous waste products (p-cresol and
IS) in End-Stage Renal Disease (ESRD) patients on mainten-
ance hemodialysis. The study was conducted for 8months
from February to September 2017 in the 29 Bahman hospital
hemodialysis ward in Tabriz, northwest of Iran. The study
protocol was approved by the Human Subjects Institutional
Review Board at Tabriz University of Medical Sciences
(TUOMS), Tabriz, Iran (IR.tbzmed.rec.1397.442) and con-
ducted in accordance with the Declaration of Helsinki. The
trial has been registered at Iranian Registry of Clinical Trials
website1 (IRCT 2016062628644N1). Informed consent was
obtained from all participants.

Participants
Patients who were on maintenance hemodialysis thrice-
weekly for at least 6months and had at least 18 years of age
were enrolled to the study. Patients who had diabetes,
gastrointestinal diseases, active inflammatory disorders, in-
fections, malignancies, changes in dialysis planning or pat-
tern, or those who have received antibiotics prior to the
enrollment were excluded from the study.
The sample size was calculated based on previous infor-

mation from a pilot study recently conducted by our re-
search group. During the pilot phase, 5 patients were
recruited to each arm of study; 5 in intervention group
(HAM-RS2) and 5 in placebo group. P-Cresol was set as
the primary outcome measure and according to a between
group mean difference of 1.5 and α=0.05 and ß = 0.2, con-
sidering a 10% falling out rate, final sample size was esti-
mated as 25 patients each group (a total of 50 patients).
Then 50 patients were enrolled in the study and were ran-
domly allocated to two groups: Intervention (HAM-RS2)
and comparison (placebo) using a randomization list gener-
ated by Randlist software (version 1.2), resulting 25 patients
in each group. As a double-blind study, the patients and clin-
ical investigators were blinded from knowing the per-patient
treatment regimen.
High fiber diet and placebo were prepared as cracker by

Araspar Benis Inc. (Tabriz, Iran). HAM-RS2 (60% pure)
was purchased from Ingredion ANZ Pty Ltd., Lane Cove,
NSW, and Australia. The crackers had the same rectangu-
lar shape, weight (60 g) and calories, which contained 20 g
or 25 g of 60% resistant starch in HAM-RS2 enriched
crackers and 20 g or 25 g of waxy corn starch as the pla-
cebo that ingested during hemodialysis and at home be-
tween main meals. The subjects’ energy requirements
estimated from the basal metabolic rate in both groups.
The treatment group took supplements for 8 weeks. In
order to increasing the intestinal tolerability and reducing

Khosroshahi et al. Nutrition & Metabolism           (2019) 16:18 Page 2 of 8



the probable side effects in treatment group, we adminis-
tered crackers with 20 g resistant starch (RS) for the first
4 weeks and then 25 g for the second 4 weeks. The control
patient received crackers with the same shape, weight and
calorie, which prepared with waxy corn starch without
using high amylose. The change of RS did not accompan-
ied with change of the macronutrient composition and
there was no dietary changes along with RS administration
during the study.
Data on bowel habits and gastrointestinal symptoms

were recorded using a checklist that included questions
about the nausea, vomiting, abdominal pain, intestinal
transit frequency/ week and blowing.

Laboratory tests
Approximately, 10mL of the peripheral blood samples were
drawn out before beginning of the study and after 8weeks at
the end of study period. All samples were taken in the morn-
ing in the fasting state before the hemodialysis session. The
blood samples were immediately centrifuged at 3000 rpm for
10min and serum was separated and divided in two aliquots.
The first set was processed for determination of urea nitro-
gen, creatinine, uric acid, Hb, Hct and bone markers. The
second set was stored at − 80 °C and processed for measure-
ment of p-cresol, IS and hs-CRP.
Serum concentrations of p-cresol and IS were mea-

sured using a high performance liquid chromatography
with fluorescence detector (HPLC-FL). Briefly, serum
samples were deproteinized by hydrochloric acid and
heat denaturation. HPLC-FL analyses were performed
using a LC apparatus (Knauer, Germany) and a 250 ×
4.6 mm Nucleosil® C18 column of 5 μm particle size.
The mobile phase, which consisted of sodium acetate
buffer (pH 3.8) and acetonitrile (20:80, v/v), was deliv-
ered at flow rate of 1.3 mLmin− 1. The excitation/emis-
sion wavelengths were set at 280/375 nm and 284/310
nm for IS and p-cresol, respectively. Standard curves for
both compounds were set at 0.5, 1, 2.5, 5, 8 and 10mg
L− 1. The hs-CRP concentration was determined using
an immune turbidimetric assay (BIOSYSTEMS, Spain).

Statistical analysis
Normal distribution of data was verified with the
Kolmogorov-Smirnov test. To normalize the data distribu-
tion, a logarithmic conversion was used for IS and serum
creatinine level. Between-group comparisons of routine
blood tests were carried out by repeated measures of
ANOVA. In addition, analysis of covariance (ANCOVA) was
used for comparing p-cresol and IS before and after inter-
vention between the study groups. Intra-group comparison
was performed using paired t-test and also Wilcoxon test for
before-after comparisons in each group. The baseline levels
were considered as covariate in Repeated Measures ANOVA
and ANCOVA. Statistical analysis was performed using SPSS

for Windows (SPSS, Chicago, IL, USA). Intention-to-treat
and per-protocol analysis was performed based-on obtained
data. All the tests were performed 2-tailed and P value < 0.05
was considered statistically significant.

Results
Clinical data
From a 50-patient set of entries, two patients from
HAM-RS2 group (one patient because of gastrointestinal
intolerance and one patient referred for kidney transplant-
ation) and four patients from controls (two patients ad-
mitted to hospital, one patient missed dialysis session and
one patient sent to other dialysis center) were dropped
out of the study. Finally, 23 patients in HAM-RS2 group
and 21 patients in control group reached the final step
and were followed for end-point data collection. Figure 1
shows the enrollment, randomization, allocation and
follow-up process of the current study as a flow diagram.
Mean age of patients was 53.17 ± 10.15 years for

HAM-RS2 group and 57.90 ± 13.34 for controls. Gender
distribution (M/F) was 14/11 and 15/10 in HAM-RS2
and placebo groups, respectively. Age, gender distribu-
tion, body-mass index (BMI) and hemodialysis duration
had no significant difference between groups, Table 1.
Laboratory data were collected and analyzed in

within-group (before-after) and between group (before-be-
fore, after-after, Mean-difference) manners. According to
Table 2, there was not any significant changes in serum levels
of laboratory data shown in Table 2 before and after placebo
administration in control group, but in intervention
(HAM-SR2) group the reduction in serum creatinine (P <
0.006) and uric acid (P < 0.004) levels were statistically signifi-
cant after the intervention. Serum urea concentration was
also reduced in treated group, albeit none significantly, in
this study (P= 0.09). Changes of other parameters of inter-
vention and control groups were not significant. Results of
between-group analyses are shown in Table 2.
The underlying causes of ESRD were hypertensive nephro-

sclerosis (n= 28), glomerulonephritis in (n= 8), chronic
interstitial nephropathy (n= 6), polycystic kidney disease (n
= 1) and CKD of unknown etiology (n= 3). All of the pa-
tients were on the same medications including erythropoi-
etin, iron, vitamins, antihypertensive, and phosphate binders.
No significant difference was present in other demographic
data includes dialysis vintage, causes of renal failure, dialysis
access. Inter-dialysis weight gains were 2.65 kg versus 2.45 kg
in the HAM-RS2 group and 2.42 kg versus 1.99 kg in pla-
cebo group, before and at the end of study, respectively (P >
0.05). Likewise, no significant difference was observed in the
mean weight and BMI before (24.40 ± 2.2 v.s. 22.92+/− 1.8)
and at the end (23.86 ± 1.6 vs. 21.41+/− 2.1) of the study in
HAM-RS2 group and placebo-treated group, respectively.
The frequency of intestinal transit were similar during the 4
weeks prior to the onset of study in the HAM-RS2 and
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control groups (3.5 v.s. 3.6 per week, respectively), but in-
creased in the HAM-RS2 compared with the control group
(4.2 v.s. 3.7 per week, respectively) at the end of study. Data
derived from the Medical Outcomes Study Questionnaire in-
cluding Kidney Disease and Quality of Life (KDQOL™-360)
showed no significant change during the study in either
HAM-RS2 or control group. There was mild to moderate
side effects including abdominal discomfort (distention N= 2
and nausea N= 2) in four patient from HAM-RS2 group
and two patients (dyspepsia and nausea) from control. Only

one patient in HAM-RS2 group had experienced severe ad-
verse effects during the intervention, including epigastric
pain and vomiting after 3 weeks of drug administration,
therefore the intervention discontinued and the patient was
excluded from study.

General laboratory data
Routine laboratory Data are shown in Table 3. HAM-RS2
group exhibited a significant time-dependent reduction in
serum urea nitrogen and creatinine and uric acid

Fig. 1 CONSORT 2010 Flow Diagram of trial

Table 1 Demographic characteristics

Intervention Group Control Group P
value[HAM-RS2] (n = 25) [Placebo] (n = 25)

Agea (years) 53.17 ± 10.15 57.90 ± 13.34 0.182

Gender (Male/Female) 14/11 15/10 0.30

Body mass indexa (BMI) 24.40 ± 2.2 23.86 ± 1.6 0.41

Hemodialysis durationa (years) 5.12 ± 1.25 4.78 ± 1.75 0.18
aData are shown in mean ± SD
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concentrations (P < 0.05). However, no significant changes
were observed in serum urea, creatinine and uric acid con-
centrations in placebo group during the study period. No
significant changes were found in other laboratory values
including Hb, Hct, ferritin, TIBC, intact PTH, total choles-
terol, HDL cholesterol or triglyceride in both groups. In
addition, within-group analysis of p-cresol serum level
showed significant decrease in intervention group (p =
0.039) while there was increasing of p-cresol in control
group that was non-significant (P = 0.86).
hs-CRP concentrations were also not changed in the

study population including the HAM-RS2 and control
groups during the observation period. In addition, serum
levels of IS were not changed significantly neither in
HAM-RS2 group nor in controls (Table 3). Further, the
same happened for hs-CRP levels.

Discussion
Apparently, conventional dialysis modalities deliver inadequate
clearance of organic solutes that accumulate in patients with
renal failure, which probably contribute to poor health out-
comes in chronic dialysis patients. Based on physiology, there
are two ways to remove nitrogenous products: (a) urine and
(b) feces. By reducing the protein amount and increasing avail-
ability to fermentable carbohydrate, nitrogenous elimination

by fecal route excretion can be increased [13, 15]. Significant
number of uremic solutes is derivate from function of the in-
testinal microbium. IS and p-cresol are the two most largely
studied solutes that derive from intestinal microbes’ activity.
Much evidence suggest that they are toxic [16–20] and due to
significant protein binding, they are poorly dialyzable by con-
ventional dialysis [7, 21]. One of the possible ways to reduce
the production of solutes derive from colon microbial break-
down of amino acids is to increase dietary fiber [13, 21]. Yet
little is known about the effects of fermentable carbohydrate
on protein bounded and gut produced nitrogenous products.
Recent studies indicated that intestinal microbium were chan-
ged in dialysis patients [22, 23]. We did not investigate the
composition of the intestinal microbiome in this study. How-
ever, recently a new study regarding the intestinal microbiota
of maintenance hemodialysis patients and effect of dietary
fiber is begging by our research team.
During the last decades, dietary fiber has been used as

supporter to restriction of dietary protein in patients
with renal failure [24–26]. Our study showed significant
reduction of the serum concentration of p-cresol with
consumption of diet enriched with HAM-RS2 in pa-
tients on maintenance hemodialysis. However, IS level
didn’t change significantly in the treatment group. There
are some recent studies about the effects of high fiber

Table 2 Comparison of laboratory data within groups and between groups

Laboratory
Data

Intervention group (HAM-RS2) Control group (placebo) p-
value

ES

before after Before after

SUN 57.69 ± 13.63 52.34 ± 14.08 58.95 ± 16.13 58.61 ± 14.72 0.090 0.43

Creatinine 8.51 ± 2.05 7.48 ± 1.39 8.83 ± 2.45 9.35 ± 2.17 0.006 0.82

Uric acid 7.17 ± 1.11 6.59 ± 1.08 7.85 ± 1.00 7.16 ± 1.16 0.004 0.50

calcium 8.46 ± 05 8.66 ± 0.39 8.50 ± 0.64 8.38 ± 1.36 0.081 0.27

phosphorus 4.42 ± 0.94 4.63 ± 0.98 4.89 ± 1.12 5.28 ± 1.09 0.301 0.62

cholesterol 155.86 ± 37.93 159.12 ± 42.42 163.33 ± 36.85 146.17 ± 37.51 0.098 0.32

Triglyceride 143.91 ± 65.81 142.22 ± 87.06 154.40 ± 69.12 140.22 ± 73.48 0.707 0.02

albumin 4.46 ± 0.42 4.30 ± 042 4.54 ± 0.44 4.31 ± 0.33 0.901 0.02

HDL 44.17 ± 8.04 45.73 ± 10.90 46.19 ± 14.64 44.80 ± 13.19 0.449 0.07

iPTHa 293.00 (148.00455.0) 238.00 (152.00–448.00) 185 (151.00–496.00) 232.00 (148.50–456.00) 0.370 0.04

Hb 11.52 ± 1.01 11.86 ± 1.41 11.49 ± 1.150 12.99 ± 4.476 0.217 0.34

All Data are shown in mean ± SD
aData are shown in median (Q1-Q3)

Table 3 Comparison of Laboratory Data within groups and between groups

Laboratory Data Intervention Group (HAM-RS2)* Control Group(Placebo)* P-
value**

ES

Before After Before After

Indoxyl sulfate 37.42 (24.32–49.57) 38.53 (28.64–50.07) 40.75 (24.46–48.62) 45.26 (30.15–52.2) 0.606 0.14

p-Cresol 7.8 (2.29–15.67) 5.34 (3.01–11.57) 6.97 (1.48–14.62) 7.02 (2.52–18.9) 0.992 0.03

HS-CRP 4.7 (3.23–10.13) 9.9 (2.8–14.3) 4.87 (2.97–16.56) 6.09 (2.35–16.72) 0.866 0.04

Total Antioxidant 2.38 ± 0.43 2.24 ± 0.38 2.54 ± 0.29 2.24 ± 0.40 0.917 –

* Median(Q1-Q3) ** P-value of ANCOVA for between group comparison
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diets on gut derived waste products with conflicting re-
sults [27–32].
In a comparative study, consuming of resistant starch

reduced free IS levels at a dose, which did not increase
gastrointestinal symptoms above the level seen with a con-
trol starch in hemodialysis patients [33]. Since administra-
tion of HAM-RS2 diet can induce the luminal pH, it is
estimated that increased production of SCFA, decrease
production of IS and p-cresol sulfate [3]. It is proposed
that complex carbohydrates in resistant starch can work
as the substrates for production of SCFA [34, 35] by sym-
biotic microbes [29] that whose population is significantly
reduced in patients with chronic renal failure. In another
study by Meijers et al. there was 20% reduction of plasma
level of p-cresol sulfate but had no effect on IS by the ad-
ministration of oligofructose-enriched inulin. They admin-
istered a dose of 10 g enriched inulin daily for the first
week followed by 10 g twice daily for the next 3 weeks.
The results of this study was consistent with our results
regarding the independent change of P cresol and IS after
high fiber diet administration. These finding showed that
although IS is also generated by colonic bacteria, serum
concentrations was not decreased with high fiber diet.
This may be due to the fact that P cresol and IS are end
products of unrelated bacterial metabolic pathway. This
explains that the serum concentration of P cresol and IS
changed independently [13].
Based on physiology, there are two ways to remove ni-

trogenous products: (a) urine and (b) feces. By reducing
the protein amount and increasing availability to fer-
mentable carbohydrate, nitrogenous elimination by fecal
route excretion can be increased [13, 15]. In addition,
the administration of oligosaccharides induced a 20 to
30% decrease in blood urea and renal nitrogen excretion
relative to the control, indicating a potential for oligosac-
charide diet therapy in patients with chronic renal dis-
ease [26, 36].
Conventional nitrogenous products have been reduced

significantly in our dialysis populations with consump-
tion of fermentable complex carbohydrate. Based on the
results of the present study, serum level of creatinine
and uric acid were reduced significantly in HAM-RS2
treated patients p < 0.05. In addition, serum urea nitrogen
(SUN) was reduced from 58.32 ± 13.62 to 52.27 ± 14.41
mg/dL during 2months of HAM-RS2 intake when com-
pared with control patients [P = 0.09]. The causes of re-
duction of conventional waste products by high fiber diet
is not yet completely resolved. Previous studies suggested
that increasing fiber intake can reduce the plasma concen-
trations of urea in patients with renal failure by causing a
larger portion of ingested nitrogen to be excreted as mi-
crobial proteins in the stool [12, 26–28]. In a study by
Rampton, et al. 6 and 8 week courses of two different
hemicelluloses, arabinogalactan and ispaghula, decreased

mean plasma urea in uremic patients by 11 and 19% re-
spectively. The decrease in plasma urea caused by dietary
fiber is probably to be due to inhibition of colonic bacterial
production of ammonia; and they suggested that, such therapy
could alleviate some of the symptoms of uremia [24]. A num-
ber of observational and in vitro studies had evaluated the ef-
fect of dietary fibers (prebiotics) on uric acid. The Results of
these studied show that prebiotics lower uric acid levels
through mechanisms that are largely unknown. In addition,
some data suggested that dietary fibers can reduced serum
levels of uric acid and urea nitrogen concentrations in serum
by attenuating the absorption of dietary adenine. [37, 38]
Beside the change in the fiber content of diet, other

manipulations can also reduce nitrogenous products
level by reducing the production of gut derived protein
bound products or increased intestinal elimination of
conventional nitrogenous products. In a recent study by
our team, significant reduction in serum level of nitro-
genous products were observed with ingesting of 8 week
lactulose as a prebiotic [39]. In addition, consumption of
probiotics may change the microbiome and reduce the
production of undesirable compounds. Others methods
to reduction of protein bound nitrogenous products are
use of charcoal sorbent AST-120 and α-glucosidase in-
hibitor acarbose that reduces the levels of IS and
p-cresol [40, 41].
In conclusion, this study showed that diet enriched with

fermentable high fiber as HAM-RS2 can decreased serum
levels of some nitrogenous products like serum creatinine
and uric acid. Gut derived nitrogenous products like p-cresol
was also reduced in HAM-RS2 treated patients without
change in IS in maintenance hemodialysis patients. In
addition, there was no important side effects including
gastrointestinal intolerance with prescribed doses in our
HAM-RS2 treated patients when compared with control
ones. Based on the results of this study and other recent
studies and safety of diet enriched with fermentable fiber,
and known toxic effect of gut derived nitrogenous products
especially cardiovascular toxicity, the administration of this
diet is advisable in maintenance hemodialysis patients.

Study limitations
This study had some limitations. We did not measure
the intestinal microbiota changes in this study but we
conducting other study for evaluation of the effect of
high fermentable diet on intestinal microbium separ-
ately. The patient population and duration of study were
limited in this study. We did not studied diabetic pa-
tients in this study that may had more benefit from this
treatment.

Endnotes
1www.irct.ir

Khosroshahi et al. Nutrition & Metabolism           (2019) 16:18 Page 6 of 8

http://www.irct.ir


Acknowledgements
We acknowledge Mr. Kazaii from Aisuda food industrial company, Mr.
Hashemzadeh and Mr. Varesi from Benis food industrial company for their
collaborations in producing high amylose products and all 29 Bahman
hemodialysis center nurses for their participations to delivery of products to
the patients and collecting the samples and all dialysis patients who
cooperated with us in preparing and making this study.

Funding
“No One”.

Availability of data and materials
“Please contact author for data requests.”

Authors’ contributions
HT and BA participated in the design of the study and evaluations
participants and sample collection during the study. MG performed the
statistical analysis. AJ and AS carried out the laboratory studies including the
routine and HPLC. HT and BA conceived of the study, and participated in its
design and coordination and helped to draft the manuscript. All authors
read and approved the final manuscript.

Ethics approval and consent to participate
The study protocol was approved by the Human Subjects Institutional
Review Board at Tabriz University of Medical Sciences (TUOMS), Tabriz, Iran
(IR.tbzmed.rec.1397.442).

Consent for publication
“Not applicable”.

Competing interests
“The authors declare that they have no competing interests.”

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

Author details
1Biotechnology Research Center, Tabriz University of Medical Sciences, Tabriz,
Iran. 2Department of Nanotechnology, Tabriz University of Medical Sciences,
Tabriz, Iran. 3Research Center for Evidence- Based Medicine, Tabriz University
of Medical Sciences, Tabriz, Iran. 4Drug Applied Research Center, Tabriz
University of Medical Sciences, Tabriz, Iran. 5Pharmaceutical Analysis Research
Center and Faculty of Pharmacy, Tabriz University of Medical Sciences, Tabriz,
Iran. 6ISIbama research group, Tabriz, Iran.

Received: 15 October 2018 Accepted: 24 February 2019

References
1. Kafeshani M. The gut microbiome, diet, and chronic kidney disease. J Prev

Epidemiol. 2017;2:e05–9.
2. Lau WL, Kalantar-Zadeh K, Vaziri ND. The gut as a source of inflammation in

chronic kidney disease. Nephron. 2015;130:92–8.
3. Vaziri ND, Liu SM, Lau WL, Khazaeli M, Nazertehrani M, Farzaneh SH, Kieffer

DA, Adams SH, Martin RJ. High amylose resistant starch diet ameliorates
oxidative stress, inflammation, and progression of chronic kidney disease.
PLoS One. 2014;9:e114881–95.

4. Cigarran GS, González PE, Cases AA. Gut microbiota in chronic kidney
disease. Nefrologia. 2017;37:9–19.

5. Anders HJ, Andersen K, Stecher B. The intestinal microbiota, a leaky gut, and
abnormal immunity in kidney disease. Kidney Int. 2013;83:1010–6.

6. Gryp T, Vanholder R, Vaneechoutte M, Glorieux G. P-cresyl sulfate. Toxins.
2017;9:52–76.

7. Lesaffer G, De Smet R, Lameire N, Dhondt A, Duym P, Vanholder R. Intradialytic
removal of protein-bound uraemic toxins role of solute characteristics and of
dialyser membrane. Nephrol Dial Transplant. 2000;15:50–7.

8. Lin CJ, Wu CJ, Pan CF, Chen WC, Sun FJ, Chen HH. Serum concentration of
p-cresol and indoxyl sulfate in elderly hemodialysis patients. INT J of
Gerontol. 2011;5:80–3.

9. Meijers BK, De Loor H, Bammens B, Verbeke K, Vanrenterghem Y, Evenepoel
P. P-Cresyl sulfate and indoxyl sulfate in hemodialysis patients. Clin J Am
Soc Nephrol. 2009;4:1932–8.

10. Montemurno E, Cosola C, Dalfino G, Daidone G, De Angelis M, Gobbetti M,
Gesualdo L. What would you like to eat, Mr CKD microbiota? A
Mediterranean diet, please! Kidney Blood Press Res. 2014;39:114–23.

11. Smith PM, Howitt MR, Panikov N, Michaud M, Gallini CA, Bohlooly-Y M,
Glickman JN, Garrett WS. The microbial metabolites, short-chain fatty acids,
regulate colonic Treg cell homeostasis. Science. 2013;341:569–73.

12. Musiał K, Bargenda A, Drożdż D, Zwolińska D. New markers of inflammation
and tubular damage in children with chronic kidney disease. Dis Markers.
2017;2017:9389432–7.

13. Meijers BK, De Preter V, Verbeke K, Vanrenterghem Y, Evenepoel P. P-Cresyl sulfate
serum concentrations in haemodialysis patients are reduced by the prebiotic
oligofructose-enriched inulin. Nephrol Dial Transplant. 2010;25:219–24.

14. Evenepoel P, Meijers BK. Dietary fiber and protein: nutritional therapy in
chronic kidney disease and beyond. Kidney Int. 2012;81:227–9.

15. Ramezani A, Raj DS. The gut microbiome, kidney disease, and targeted
interventions. J Am Soc Nephrol. 2014;25:657–70.

16. Niwa T. Indoxyl sulfate is a nephro-vascular toxin. J Ren Nutr. 2010;20:S2–6.
17. Meijers BK, Bammens B, De Moor B, Verbeke K, Vanrenterghem Y, Evenepoel

P. Free p-cresol is associated with cardiovascular disease in hemodialysis
patients. Kidney Int. 2008;73:1174–80.

18. Liabeuf S, Barreto DV, Barreto FC, Meert N, Glorieux G, Schepers E, Temmar
M, Choukroun G, Vanholder R, Massy ZA. Free p-cresylsulphate is a predictor
of mortality in patients at different stages of chronic kidney disease.
Nephrol Dial Transplant. 2010;25:1183–91.

19. Meijers BK, Van Kerckhoven S, Verbeke K, Dehaen W, Vanrenterghem Y,
Hoylaerts MF, Evenepoel P. The uremic retention solute p-cresyl sulfate and
markers of endothelial damage. Am J Kidney Dis. 2009;54:891–901.

20. Schepers E, Meert N, Glorieux G, Goeman J, Van der Eycken J, Vanholder R.
P-cresylsulphate, the main in vivo metabolite of p-cresol, activates leucocyte
free radical production. Nephrol Dial Transplant. 2007;22:592–6.

21. Sirich TL, Aronov PA, Plummer NS, Hostetter TH, Meyer TW. Numerous
protein-bound solutes are cleared by the kidney with high efficiency.
Kidney Int. 2013;84:585–90.

22. Vaziri ND. CKD impairs barrier function and alters microbial flora of the
intestine: a major link to inflammation and uremic toxicity. Curr Opin
Nephrol Hypertens. 2012;21:587–92.

23. Vaziri ND, Wong J, Pahl M, Piceno YM, Yuan J, DeSantis TZ, Ni Z, Nguyen TH,
Andersen GL. Chronic kidney disease alters intestinal microbial flora. Kidney
Int. 2013;83:308–15.

24. Rampton DS, Cohen SL, Crammond VD, Gibbons J, Lilburn MF, Rabet JY,
Vince AJ, Wager JD, Wrong OM. Treatment of chronic renal failure with
dietary fiber. Clin Nephrol. 1984;21:159–63.

25. Younes H, Alphonse JC, Behr SR, Demigné C, Rémésy C. Role of fermentable
carbohydrate supplements with a low-protein diet in the course of chronic
renal failure: experimental bases. Am J Kidney Dis. 1999;33:633–46.

26. Bliss DZ, Stein TP, Schleifer CR, Settle RG. Supplementation with gum arabic
fiber increases fecal nitrogen excretion and lowers serum urea nitrogen
concentration in chronic renal failure patients consuming a low-protein
diet. Am J Clin Nutr. 1996;63:392–8.

27. Smith EA, Macfarlane GT. Enumeration of human colonic bacteria producing
phenolic andindolic compounds: effects of pH, carbohydrate availability and
retention time on dissimilatory aromaticamino acid metabolism. J Appl
Bacteriol. 1996;81:288–302.

28. Smith EA, Macfarlane GT. Formation of phenolic and indolic compounds by
anaerobic bacteria in the human large intestine. Microb Ecol. 1997;33:180–8.

29. Tachon S, Zhou J, Keenan M, Martin R, Marco ML. The intestinal microbiota
in aged mice is modulated by dietary resistant starch and correlated with
improvements in host responses. FEMS Microbiol Ecol. 2013;83:299–309.

30. Shen L, Keenan MJ, Raggio A, Williams C, Martin RJ. Dietary-resistant starch
improves maternal glycemic control in Goto-Kakazaki rat. Molecular
Nutrition and Food Research. 2011;55:1499–508.

31. Vidrine K, Ye J, Martin RJ, McCutcheon KL, Raggio AM, Pelkman C, Durham
HA, Zhou J, Senevirathne RN, Williams C, Greenway F, Finley J, Gao Z,
Goldsmith F, Keenan MJ. Resistant starch from high amylose maize (HAM-
RS2) and dietary butyrate reduce abdominal fat by a different apparent
mechanism. 2014; 22:344–348.

32. Baer DJ, Stote KS, Henderson T, Paul DR, Okuma K, Tagami H, Kanahori S,
Gordon DT, Rumpler WV, Ukhanova M, Culpepper T, Wang X, Mai V. The

Khosroshahi et al. Nutrition & Metabolism           (2019) 16:18 Page 7 of 8



metabolizable energy of dietary resistant maltodextrin is variable and alters
fecal microbiota composition in adult men. J Nutr. 2014;144:1023–9.

33. Sirich TL, Plummer NS, Gardner CD, Hostetter TH, Meyer TW. Effect of
increasing dietary Fiber on plasma levels of Colon-derived solutes in
hemodialysis patients. Clin J Am Soc Nephrol. 2014;9:1603–10.

34. Keenan MJ, Zhou J, McCutcheon KL, Raggio AM, Bateman HG, Todd E,
Jones CK, Tulley RT, Melton S, Martin RJ, Hegsted M. Effects of resistant
starch, a non-digestible fermentable fiber, on reducing body fat. Obesity
(Silver Spring). 2006;14:1523–34.

35. Charrier JA, Martin RJ, McCutcheon KL, Raggio AM, Goldsmith F, Goita M,
Senevirathne RN, Brown IL, Pelkman C, Zhou J, Finley J, Durham HA, Keenan
MJ. High fat diet partially attenuates fermentation responses in rats fed
resistant starch from high-amylose maize. Obesity. 2013;21:2350–5.

36. Younes H, Garleb K, Behr S, Rémésy C, Demigne C. Fermentable fibers or
oligosaccharides reduce urinary nitrogen excretion by increasing urea
disposal in the cecum. J Nutr. 1995;125:1010–6.

37. Prasad C, Iqbal U, Westfall S, Prakash S. Management of hyperuricemia and
gout by prebiotics and probiotics: potentials and limitations. International
Journal of Probiotics and Prebiotics. 2017;12(1):5–16.

38. Koguchi H, Nakajima H, Takano S, Yamamoto Y, Innami S, Maekawa A,
Tadokoro T. Dietary Fiber suppresses elevation of uric acid and urea
nitrogen concentrations in serum of rats with renal dysfunction induced by
dietary adenine. Int J Vitam Nutr Res. 2004;74:253–63.

39. Khosroshahi HT, Habibzadeh A, Khoshbaten M, Rahbari B, Chaichi P, Badiee
AH. Lactulose for reduction of nitrogen products in patients with chronic
kidney disease. Iran J Kidney Dis. 2014;8(5):377–81.

40. Schulman G, Vanholder R, Niwa T. AST-120 for the management of progression of
chronic kidney disease. Int J Nephrol Renovasc Dis. 2014;7:49–56.

41. Evenepoel P, Bammens B, Verbeke K, Vanrenterghem Y. Acarbose treatment
lowers generation and serum concentrations of the protein-bound solute
p-cresol: a pilot study. Kidney Int. 2006;70:192–8.

Khosroshahi et al. Nutrition & Metabolism           (2019) 16:18 Page 8 of 8


	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods and materials
	Study design
	Participants
	Laboratory tests
	Statistical analysis

	Results
	Clinical data
	General laboratory data

	Discussion
	Study limitations

	www.irct.ir
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

