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Abstract

Background and objectives

The generation of key uremic nephrovascular toxins, indoxyl sulfate (IS), and p-cresyl sulfate (PCS), is
attributed to the dysbiotic gut microbiota in CKD. The aim of our study was to evaluate whether synbiotic
(pre- and probiotic) therapy alters the gut microbiota and reduces serum concentrations of microbiome—
generated uremic toxins, IS and PCS, in patients with CKD.

Design, setting, participants, & measurements

Predialysis adult participants with CKD (eGFR=10-30 ml/min per 1.73 mz) were recruited between
January 5, 2013 and November 12, 2013 to a randomized, double-blind, placebo—controlled, crossover trial
of synbiotic therapy over 6 weeks (4-week washout). The primary outcome was serum IS. Secondary
outcomes included serum PCS, stool microbiota profile, eGFR, proteinuria-albuminuria, urinary kidney
injury molecule-1, serum inflammatory biomarkers (IL-1p, IL-6, IL-10, and TNF-a), serum oxidative stress
biomarkers (Fp-isoprostanes and glutathione peroxidase), serum LPS, patient-reported health,
Gastrointestinal Symptom Score, and dietary intake. A prespecified subgroup analysis explored the effect
of antibiotic use on treatment effect.

Results

Of 37 individuals randomized (age =69+10 years old; 57% men; eGFR=24+8 ml/min per 1.73 mz), 31
completed the study. Synbiotic therapy did not significantly reduce serum IS (-2 gmol/L; 95% confidence
interval [95% CI], -5 to 1 umol/L) but did significantly reduce serum PCS (-14 umol/L; 95% CI, -27 to
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—2 umol/L). Decreases in both PCS and IS concentrations were more pronounced in patients who did not
receive antibiotics during the study (n=21; serum PCS, —25 umol/L; 95% CI, —38 to —12 umol/L; serum IS,
=5 umol/L; 95% CI, —8 to —1 umol/L). Synbiotics also altered the stool microbiome, particularly with
enrichment of Bifidobacterium and depletion of Ruminococcaceae. Except for an increase in albuminuria
of 38 mg/24 h (P=0.03) in the synbiotic arm, no changes were observed in the other secondary outcomes.

Conclusion

In patients with CKD, synbiotics did not significantly reduce serum IS but did decrease serum PCS and
favorably modified the stool microbiome. Large—scale clinical trials are justified.

Keywords: chronic kidney disease, indoxyl sulphate, probiotics, synbiotics, uremic toxins, p-cresyl
sulphate, glomerular filtration rate, humans, microbiota, renal insufficiency, chronic

Introduction

CKD is a major growing public health problem, with a prevalence estimated between 8% and 16%
worldwide (1). Patients with CKD are at greatly increased risk of cardiovascular disease (CVD) and <20
times more likely to die prematurely than survive to the point of reaching ESRD (2).

The increased risk of CVD is only partially accounted for by traditional cardiac risk factors, leading many
investigators to look for therapeutically modifiable nontraditional risk factors (3—5). Promising candidates
in this regard are uremic toxins, particularly p-cresyl sulfate (PCS) and indoxyl sulfate (IS) (6,7). Both
toxins are exclusively produced by the bacterial community resident within the large bowel (termed the gut
microbiota), which is altered (dysbiotic) in the CKD population. Moreover, these toxins have been shown
to promote and further aggravate kidney disease progression and CVD (8).

Although a number of therapeutic approaches have been proposed to mitigate the production and/or
extraintestinal release of IS and PCS (9), none have been shown to exert proven clinical benefit, including
oral adsorbents (10). More recently, administration of pre- and/or probiotics has emerged as a promising
bowel-targeted therapeutic approach for modifying bacterial production of IS and PCS on the basis of a
systematic review of clinical studies (11). Nonetheless, the conclusions that can be drawn from the
available studies are appreciably limited by poor methodologic quality, clinical heterogeneity (including
with respect to pre- and probiotic formulations), limited control for dietary intake, and a lack of exploration
of effects on the gut microbiota (12,13).

The aim of this study was to ascertain the efficacy of synbiotics (coadministration of pre- and probiotics) as
a potential treatment to decrease the microbial production of PCS and IS by alterations to the form and/or
function of the gut microbiota. This is a proof-of-concept study to elucidate the clinical applicability of this
novel therapy in the CKD setting.

Materials and Methods

The Synbiotics Easing Renal Failure by Improving Gut Microbiology (SYNERGY) Study was a single—
center, double-blind, placebo—controlled, randomized crossover trial investigating the effects of synbiotics
on serum PCS and IS in patients with moderate to severe CKD. A detailed description of the SYNERGY
Study protocol has been published elsewhere (12). Ethical approval was granted through the Metro South
Human Research Ethics Committee and the University of Queensland Human Research Ethics Committee,
and the study adhered to the Declaration of Helsinki. Informed consent was obtained before enrolment and
participation. The SYNERGY Study was registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12613000493741).

Participants

Patients with CKD stage 4 or 5 nondialyzed (¢GFR=10-30 ml/min per 1.73 mz) ages >18 years old were
eligible for inclusion. The narrow GFR range was selected on the basis of this patient population’s high
toxin levels. Patients were excluded if they met any of the following criteria: previous renal transplant;
receiving or have received bowel radiation or had large bowel resection; consumed pre- or probiotics or
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had antibiotic therapy within 1 month of study commencement; medically diagnosed irritable bowel
syndrome, Crohn disease, or ulcerative colitis; non-English speaking or unable to give informed consent;
likely to receive a transplant or progress to dialysis within 6 months; severely malnourished (Subjective
Global Assessment: C); or having had a clinically significant change to their immunosuppressant dose
within 6 months (determined by the medical team).

Design

Participants underwent a 2-week run—in period followed by randomization in a 1:1 ratio to either synbiotic
supplements or placebo for 6 weeks. Thereafter, participants underwent a further 4-week washout period
followed by crossover to the alternative intervention (Figure 1). All participants underwent face-to-face
dietary education and counseling with a qualified dietitian to achieve evidence—based guideline—
recommended targets (14) during the first week of run-in. Throughout the intervention, patients were
encouraged to maintain stable dietary intakes, with a focus on stabilizing protein and fiber intake.
Participants were also provided with a standard evening meal preceding their overnight fast before each
blood collection. This was a precautionary measure to minimize any potential residual influences of the
macronutrient distribution of proximal meals on participants’ serum IS and PCS levels. A computer—
generated blocked randomization list with blocks of size 2 was produced by an external statistical
consultant and maintained on a secure server not accessible to those recruiting for the trial. Random
allocation was performed by telephoning the list custodian, who reported the next numbered supplement kit
in the list. Supplement packaging was done offsite.

Intervention

The prebiotic component of the synbiotic therapy consisted of a combination of high-molecular weight
inulin (inulin high performance), fructo-oligosaccharides, and galacto-oligosaccharides (GOSs) and the
probiotic component including nine different strains across the Lactobacillus, Bifidobacteria, and
Streptococcus genera. The synbiotic therapy (prebiotic powder and probiotic capsule) and the identically
matched placebo (maltodextrin powder and capsule) were manufactured by BioCeuticals. The rationale
behind supplement selection and study design has been described elsewhere (11).

The study design included a dose escalation, where the supplements were commenced at a one-half dose
for the first 3 weeks. This consisted of 7.5 g (one level scoop) of the placebo/prebiotic powder and one
placebo/probiotic capsule containing 45 billion CFU taken in the morning with food. After the dose
escalation, participants took an additional dose (7.5 g powder and one capsule) with their evening meal,
equating to a daily dose of 15 g (two level scoops) powder and two capsules during both interventions.

Outcome Measures

The primary outcome measure was serum IS concentration at the end of the 6-week study period. The
secondary outcomes included serum PCS, eGFR, proteinuria-albuminuria, urinary kidney injury
molecule-1, serum inflammatory biomarkers (IL-1/, IL-6, IL-10, and TNF-a), serum oxidative stress
biomarkers (F-isoprostanes and glutathione peroxidase), serum LPS, patient-reported health,
Gastrointestinal Symptom Score, dietary intake, and stool microbiota profile. Outcome measures were
collected and analyzed using validated methods detailed in Supplemental Material.

Gut Microbiota Analyses

Stool samples were collected from consenting patients at baseline and the end of each intervention arm and
stored at —80°C. The microbiome profiles of these samples were determined using 16S ribosomal
ribonucleic acid gene sequencing approaches undertaken by the Australian Centre for Ecogenomics
(ecogenomics.org). The DNA extraction and sequencing methods are described in detail in Supplemental
Material, with QIIME (version 1.8.0) used to produce the taxonomic profiles and diversity measurements.

Study Compliance/Deviations

Adherence to therapy was measured by pill count and powder weight at the end of each intervention.
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Nonadherence was defined as >20% of prescribed pills/powder not taken by the participant.

Participants’ dietary intakes and adherence to a stable diet during the study were assessed using an open—
ended, structured diet history method at baseline and the end of each intervention period. Dietary data were
analyzed using Food Works 7 (Xyris Software; version 7.0.2915) Australian Food, Supplement and
Nutrient Database 2007. In addition, dietary energy intakes were verified using body weight, and dietary
protein intakes were verified according to the formula by Maroni et al. (15) using 24-hour urinary urea
nitrogen and body weight measured at baseline and the end of each intervention arm.

Adverse Events

A serious adverse event (SAE) was defined as any event that suggested a significant hazard,
contraindication, side effect, or precaution, including fatal or life-threatening events, permanent disability
incidents, and experiences requiring in-patient hospitalization. All SAEs were documented and reported to
the ethics committee for review.

Statistical Analyses

Summary statistics for patients’ characteristics were expressed as means+SDs for normally distributed
continuous data, medians (interquartile ranges) for skewed continuous data, and frequencies (percentages)
for categorical data. The primary analyses of uremic toxin concentrations and other normally distributed
continuous outcome variables were undertaken using regression modeling, with the difference between
serum toxins at the end of interventions A and B as the dependent variable and treatment sequence
allocation as the independent variable (16). Because the use of antibiotics was likely to decrease the effect
of synbiotic therapy because of alterations of the gut microbiota, a prespecified sensitivity analysis was
undertaken to determine whether there was a significant interaction between antibiotic use and treatment
effect. In addition, additional sensitivity analyses were undertaken, including adjusting for baseline toxin
concentrations and assessing carryover effects as described by Jones and Kenward (16). Changes in
potential confounders between treatment, including dietary intake (protein and fiber) and eGFR, were also
assessed. Secondary analysis of the primary outcome included mixed modeling to account for missing at
random data. Continuous outcome measures with non—normal difference distributions were analyzed using
the Wilcoxon rank sum test. Categorical outcome variables were analyzed using the exact McNemar test.

Prospective sample size calculations indicated that the SYNERGY Study would have 90% power to detect
a 30% reduction in IS levels with an error level of 0.05 if 24 participants completed the study. Allowing for
a 20% dropout and using the adjustment factor 1/1(1 — 1))2, a total of 37 participants needed to be
randomized. The null hypothesis was rejected at the 0.05 level. All of the statistical analyses were
performed using Stata (version 12; StataCorp., College Station, TX).

Results

Thirty-seven participants were recruited between May 1, 2013 and December 11, 2013 from a single—center
nephrology outpatient department and randomized to one of two treatment orders: synbiotic-placebo or
placebo-synbiotic (baseline characteristics are outlined in Table ). Thirty-one patients completed both
arms of the trial (ending April 16, 2014, 18 weeks after the recruitment of the last participant) as detailed in
the participant flow Consolidated Standards of Reporting Trials diagram (Figure 2). Compliance to study
medications was achieved by 90% of patients.

Uremic Toxins

Compared with placebo, the synbiotic therapy resulted in a significant mean reduction in serum
concentration of PCS of 14 ymol/L (95% confidence interval [95% CI], —27 to —2 umol/L; 13% reduction),
but the reduction in the primary outcome, IS, did not reach statistical significance (Figure 3, Table 2).
However, when those participants who received antibiotics were excluded from the comparison, synbiotic
therapy significantly reduced the free and total serum concentrations of both PCS and IS in the remaining
21 participants by 22%-28% (Figure 3, Table 2). Interestingly, there was a progressive reduction in serum

concentrations of PCS (P=0.002) but not IS over the course of the study (Supplemental Figures 1 and
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2).The effects of synbiotic administration on serum PCS and IS concentrations were independent of
baseline toxin concentrations, changes in kidney function, changes in dietary fiber and protein intakes,
changes in eGFR, and treatment order (Supplemental Table 2). There was no apparent carryover effect of

the intervention on either toxin when analyzed for the order of synbiotic administration (both P>0.30),
suggesting that reductions in serum PCS and IS concentration require sustained use of the synbiotic
therapy. A linear mixed model sensitivity analysis yielded similar findings (Supplemental Table 2).

Clinical Outcomes

Synbiotic therapy significantly increased albuminuria by 38 mg/24 h (95% CI, 1 to 295 mg/24 h) but did
not affect proteinuria (Table 3). No significant changes were observed in eGFR, urinary kidney injury
molecule-1 concentration, serum inflammatory biomarker concentrations (IL-1p, IL-6, IL-10, and TNF-a),
serum oxidative stress biomarkers (Fo-isoprostanes and glutathione peroxidase), serum endotoxin (LPS)
concentration, patient-reported health short form-36), Gastrointestinal Symptom Rating Scale, or dietary
intakes of energy, protein, or fiber (Table 3).

There were six SAEs in total: one occurred during the synbiotic intervention, and the other five occurred in
placebo (n=2) or washout (n=3). Initial hospitalization accounted for all SAEs.

Stool Microbiota

Of 30 patients consenting to the fecal collection substudy, nine had incomplete samples, and one sample
was contaminated. Therefore, 20 patients with complete fecal samples at visits three and six were included
in the microbial analysis. The coverage of the microbiota diversity for all 40 samples was very high (in
total, 7,166,577 reads were produced; mean =174,794 reads per sample; range =57,631-437,450; with
Good coverage values in excess of 90%), and overall, 39 bacterial and archaebacterial families were
identified (Supplemental Figure 3). Members of the Bacteroidaceae, Lachnospiraceae, and

Ruminococcaceae comprised the majority of the communities recovered from all samples, with the
majority of these microbes assigned to 74 different genera. Many of these genera showed some small
changes in relative abundance between the placebo and synbiotic arms of the study (approximately 1%),
and the mean Simpson coefficient of the fecal microbiota profiles was not significantly changed between
interventions (P=0.42). However, although the Simpson coefficient is a good measure of bacterial diversity,
it is weighted toward the most abundant members of a community (17), and our results do show that there
were differences observed in the relative abundances of some key but less abundant taxa in response to
synbiotic therapy. The most pronounced effect of synbiotic therapy was the increased relative abundance of
Bifidobacterium spp. (3.2%; P=0.003), which represents a fivefold increase relative to placebo
(Supplemental Figure 4). The relative increases in Bifidobacterium spp. were not attributable to the

baseline Bidifobacterium abundance within individual subjects (P=0.13). There was a significant inverse
correlation observed between changes in the relative abundance of Bifidobacterium spp. and free serum
concentrations of both PCS and IS (r=-0.55, P=0.01 and r=-0.59, P=0.01, respectively). The analyses also
showed that the relative abundances of Bifidobacterium spp. were only sustained during the period of
synbiotic therapy, with no apparent crossover effect (P=0.89). There was also a small increase in the
relative abundance of Lactobacillus spp. identified in the fecal samples on synbiotic therapy, but this was
not statistically significant (0.7%; P=0.36).

The relative abundance of sequences assigned to unclassified members of the Lachnospiraceae family also
showed an increase (2.1%; P=0.01). Interestingly, the relative abundance of Faecalibacterium spp. was
also found to be significantly greater during symbiotic administration but only in those patients not treated
with antibiotics during the interventions (n=15; 1.1%; P=0.04) (Supplemental Figure 4). There were

concordant decreases in the relative abundances of bacteria assigned to the Clostridiales and more
specifically, the Ruminococcaceae (4.3%; P=0.01).

Discussion

In this study, synbiotic therapy did not significantly reduce the serum concentration of IS (the primary
outcome measure) but did result in significant alteration of several key secondary outcome measures,
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including a mean 14-uymol/L reduction in serum concentration of the nephrovascular uremic toxin, PCS,
and an appreciable shift in the stool microbiome (particularly with enrichment of Bifidobacterium and
depletion of Ruminococcaceae). When only patients who did not receive antibiotics during the study period
were analyzed as part of a prespecified sensitivity analysis, synbiotic therapy resulted in statistically
significant and potentially clinically important 22%—28% reductions in the serum concentrations of both IS
and PCS. Moreover, the treatment was well tolerated, achieved excellent compliance, and did not adversely
affect patient-reported health in contrast to other bowel therapies.

The SYNERGY Study findings support those of a recent meta-analysis, which reported a significant
reduction of serum IS in dialysis and urinary PCS in the healthy population after supplementation (12).
However, this meta-analysis was appreciably limited by suboptimal study quality, a lack of randomized,
controlled trials, and clinical heterogeneity (including with respect to pre- and probiotic formulations). In
addition, few studies reported how antibiotic use was managed during the intervention.

To date, there have been two other synbiotic intervention studies: one controlled trial in predialysis patients
(18) and one uncontrolled trial in patients on hemodialysis (19), both of which measured p-cresol (PC; a
surrogate marker of PCS [20]). Although no details concerning antibiotic use were provided, both studies
reported greater reductions in PC after 30 days (21 umol/L) and 14 days (26.8 umol/L), respectively,
compared with the SYNERGY Study’s primary analysis (14 gumol/L). Nonetheless, these changes were of
similar magnitude to the subanalysis including only patients who remained antibiotic free (25 gmol/L;
n=21).

Although causal relationships between PCS and clinical outcomes are yet to be established, a 3-year
longitudinal study in 74 predialysis patients showed that each 5-umol/L increase in serum PCS was
associated with a 12% (95% CI, 1% to 21%) increased risk of a cardiovascular event and a 17% (95% CI,
5% to 30%) increased risk of progressing to dialysis after controlling for eGFR and age (21). These results
were supported in a larger cohort (n=499), which showed that free serum PCS was associated with
cardiovascular events independent of both eGFR and Framingham risk factors (hazard ratio, 1.39; 95% CI,
1.02 to 1.89) (22).

In oral adsorbent studies, 45% and 30% reductions in serum IS occurred alongside significant reductions in
cardiovascular risk markers (including endothelial dysfunction [measured by flow-mediated dilation]) (23)
and reduction in kidney failure progression (1/creatinine slope) (24), respectively. The plausibility of these
clinical benefits are supported by mechanisms of toxicity reported in vitro, including concentration-
dependent damage to human renal proximal tubule epithelial cells (25) and vascular endothelial cells (26).

The significant increase in albuminuria observed in the synbiotic arm should be considered, although the
magnitude of increase was not regarded clinically significant and was not related to changes in toxin levels.
Nevertheless, although it is possible that this result was a chance finding, additional exploration is
warranted.

Serum IS and PCS concentrations are widely accepted to originate from dissimilatory schemes of protein
metabolism by gut microbes. In this study, the measurable improvements in PCS levels during synbiotic
therapy were linked principally with an increased relative abundance of Bifidobacterium spp. This supports
the hypothesis that Bifidobacterium spp. regulate the growth of bacterial species with high enzymatic
capacities to produce IS and PCS (27), such as bacteria from the Clostridales order and Ruminococcaceae
family, which both decreased after synbiotics (28,29). The findings support those of a recent study that
showed that consumption of Bifidobacterium-fermented milk and GOS reduced serum phenols in healthy
adult women (30). The study findings also provide a mechanistic explanation for the observed PC level
decreases in two other synbiotic studies that used combinations of Lactobacillus and Bifidobacterium spp.
with GOS (19) and Lactobacillus, Bifidobacterium and Streptococcus spp. with inulin (18). Furthermore,
Hida et al. (31) have previously reported that a probiotic—containing Bifidobacterium infantis,
Lactobacillus acidophilus, and Enterococcus faecalis decreased serum IS after an increase in
Bifidobacteriaceae and a decrease in the Enterobacteriaceae. Consequently, the ability of synbiotic
formulations to reduce PCS and IS levels seems dependent on their Bifidogenic effects.

There were also modest alterations in the relative abundances of some but not all taxa implicated in
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affecting IS and PCS levels observed in this study. The increase in the relative abundance of
Faecalibacterium in patients receiving synbiotics may have had several potentially beneficial effects,
including production of anti-inflammatory factors (32) and reduction of the pool of tryptophan available for
IS production (33).

The strengths of the SYNERGY Study include its randomized, double-blind, placebo—controlled, crossover
trial design. Interindividual variations in gut microbiota profiles and toxin concentrations were eliminated
by using patients as their own controls. Potential dietary confounders were controlled for by using
multimodal validated dietary assessment methods applied by a qualified dietitian who was blinded, along
with the participants, to the intervention. The measurement of both free and total serum IS and PCS
concentrations provided the most comprehensive overview to date of how microbial-modulating therapies
may affect uremic toxin production. To the best of our knowledge, the SYNERGY Study is the first study
to have undertaken a nonculture—dependent microbial analysis exploring the effect of synbiotic therapy in
CKD.

Balanced against these strengths, the SYNERGY Study was limited by a relatively small sample size and
study duration (limiting statistical power for detection of changes in the primary outcome, serum IS, and
secondary clinical outcomes; kidney function; and cardiovascular risk markers), use of surrogate outcome
measures (IS and PCS), and single-center design (limited generalizability of the study findings). Although a
4-week washout period occurred between the two interventions, a carryover effect from the first
intervention was possible, although not apparent in either the toxin or Bifidobacterium levels. In addition,
antibiotics were used in >25% of the study sample and seemed to attenuate the effect of the synbiotic
intervention, possibly as a result of relatively greater antimicrobial action exerted against probiotics than
IS-producing bacteria. Furthermore, detailed exploration of the effect of antibiotic use on the gut
microbiota was not possible because of the small sample size and the variety of antibiotics (Supplemental
Table 3) prescribed to patients during the course of the study. The exclusion of patients who received
antibiotics in the prespecified subgroup analysis, although clinically appropriate in light of the effect of
antibiotics on the microbiota, could have potentially introduced selection bias. It is also important to note in
the primary analysis that there were no changes in the free concentrations of either toxin, which may have
been more pathophysiologically important than total concentrations. Lastly, the analysis of the stool
microbiome may not have reflected alterations in the mucosal-associated microbiomes within the large and
small bowel. Furthermore, despite recent studies inferring functional attributes of these microbial
communities by comparison with reference microbial genomes (29), such an approach cannot readily
account for variations in gene expression, which are influenced by the colonic environment (e.g., pH and
carbohydrate availability) (28).

In conclusion, synbiotic therapy effectively lowered serum concentrations of PCS and to a lesser extent, IS
in patients with moderate to severe CKD, particularly when such patients were not prescribed antibiotics.
The medication was well tolerated, and patient adherence was high. Larger randomized, controlled trials
evaluating the effect of synbiotic therapy on patient-level outcomes in CKD are warranted.
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Figure 1.
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Synbiotics Synbiotics

The Synbiotics Easing Renal Failure by Improving Gut Microbiology (SYNERGY) Study schema.
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Table 1.

Baseline characteristics of participants in the Synbiotics Easing Renal Failure by Improving Gut

Microbiology Study who were randomized by treatment order (n=37)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741035/?report=prin...

Characteristic All Patients Randomized  Treatment Order 1 Treatment Order 2
(n=37) n=17)* (n=20)

Age, yr 69+10 68+10 69+10

Range 43-82 43-82 50-82
Men 21 (57) 7 (41) 14 (70)
White 35(95) 16 (94) 19 (95)
Cause of kidney disease

GN 5(14) 2(12) 3 (15)

Hypertension/vascular 7(19) 3(18) 4 (20)

Diabetic nephropathy 14 (38) 9 (53) 5(25)
BMI, kg/m2 29+6 3048 28+4
Comorbidities (treated)

Hypertension 37 (100) 17 (100) 20 (100)

Hyperlipidemia 29 (78) 13 (76) 16 (80)
No. of antihypertensive 2.3+1.1 2.5+1.4 2.0£0.7
medications

Angiotensin—converting enzyme 8(22) 3(18) 5(25)
inhibitor

Angiotensin receptor II blocker 22 (59) 12 (71) 10 (50)

Diuretics 13 (35) 6(35) 7 (35)
Smoking history 20 (54) 8 (47) 12 (60)
EPI GFR, ml/min per 1.73 m? 24+8 24+9 25+7

Proteinuria, mg/24 h

Albuminuria, mg/24 h

Uremic toxins (#mol/L)
Total indoxyl sulfate
Total p-cresyl sulfate
Free indoxyl sulfate
Free p-cresyl sulfate

Indoxyl sulfate-to-p-cresyl sulfate

ratio
Percentage free fraction

Tndoxvl sulfate

318 (165-1600)
107 (20-1100)

18 (12-27)
110 (71-130)
0.7 (0.4-1.0)
3.0 (2.0-3.9)
0.23+0.17

4.1+1.5

523 (160-1700)
275 (18-1200)

20 (16-27)
128 (88-174)
0.8 (0.5-1.1)
3.3 (2.0-5.2)
0.19+0.11

4.4+1.8

263 (168-1100)
97 (20-677)

15 (10-25)
100 (61-119)
0.6 (0.3-0.9)
2.5(1.7-3.3)
0.270.22

3.8+1.0

Open in a separate window

Data are presented as means+SDs, medians (interquartile ranges), or numbers (%). BMI, body mass index; EPI,

epidemiology collaboration.

The imbalance in numbers arose because of the spoiling of two randomized kits, which were replaced by the next

available kits.
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Figure 2.

[ Enrolment ] Assessed for eligibility (n= 407)

Excluded (n= 370)
* Based on exclusion criteria {n=
236)
o Unable to adhere to study
protocol (n=88)
o Medical history (n=81)
o Unable to contact (n=15)
o Enrolled in other trials
(n=13)
o Other (n=39)
*  Declined to participate (n= 134)

h
Randomized (n=37)

v

l Allocation 1

Allocated to treatment order | (n=17) 2 | |J Randomised to treatment order 2 (n= 20)
l Follow-up l

Entered synbiotic arm (n=17) S ” Entered placebo arm (n = 20)

= Finished synbiotic arm (n = 17) =  Finished placebo arm (n =20)

s 4

F Y

Withdrew in washout (n=1)

Withdrew in washout (n=1)

Y Y
Entered placebo arm (n = 16) Entered synbiotic arm (n = 19)
=  Discontinued intervention (n= 3) = Discontinued intervention (n=1)
= Finished placebo arm (n=13) = Finished synbiotic (n = 18)

[ Analysis ]

Included in primary analysis (n = 31)
=  Excluded from analysis (n=0)

Open in a separate window

Summary of patient flow through in the Synbiotics Easing Renal Failure by Improving Gut Microbiology
(SYNERGY) Study.
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Figure 3.
I—I—IE B A Indoxyl sulphate total
| population (n=21)
I—C-E-I ® A Indoxyl sulphate
i anti-biotic free population
o i (n=31)
k ¢ i i 4 A P-cresyl sulphate total
; population (n=21)
} . i E ® A P-cresyl sulphate
i anti-biotic free population (n=31)
I L] L L) L] L]
» o D o o K
A pmollL®
Favors synbiotics Favors placebo

* Treatment effect (95% CI) derived from regression modelling accounting for period effect
* p=0.03
™ p=0.001

Treatment effect of synbiotics on serum uremic toxins in all completing patients (7=31) and patients who were
antibiotic free (n=21). *Treatment effect (95% confidence interval) derived from regression modeling accounting for
period effect. *P=0.03; **P=0.001.
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Treatment effect derived from regression modeling accounting for period effect.

Table 2.
Uremic toxins serum concentrations (micromoles per liter) at the end of synbiotic and placebo
intervention
Uremic All Completers (n=31) Antibiotic-Free Completers (n=21)
toxin Synbiotics  Placebo Treatment P Synbiotics  Placebo Treatment P
Effect” (95%  Value Effect” (95%  Value
CI) CD
Total IS 15 (10-26) 16 -2(-5to 1) 0.12  15(11-26) 20 -5(-8to-1) 0.03
(12-27) (12-32)
Total 75 93 -14 (-27t0-2) 0.03 68 (34-97) 91 -25(-38to 0.001
PCS (36-101)  (54-136) (54-130) -12)
Free IS 0.6 0.5 -0.08 (=0.20to  0.20 0.5 0.5 -0.18 (-0.32to0  0.02
(04-0.8)  (0.4-1.0) 0.04) (04-0.7)  (0.4-1.0) -0.04)
Free PCS 2.2 2.4 -0.23(-=0.70to  0.34 2.0 2.4 -0.70 (-1.10to  0.01
0.7-2.8) (1.1-3.4) 0.25) 0.6-24) (1.1-3.1) -0.30)

Data are presented as medians (interquartile ranges). 95% CI, 95% confidence interval; IS, indoxyl sulfate; PCS,
p-cresyl sulfate.
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Table 3.

Secondary outcomes at the end of synbiotic and placebo intervention
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Variable All Completers (n=31) Antibiotic-Free Completers (n=21)
Synbiotics Placebo P Synbiotics Placebo P
Value? Value?
Kidney related
EPI GFR, ml/min per 1.73 m? 24+8 2448 0.67 23+7 23+7 0.46
Serum creatinine, ymol/L 231475 233+74 0.94 236£72 241+74 0.59
Kidney injury molecule-1 1.1(0.4-2.7) 1.1(04-2.1) 012 1.0(0.3-1.7) 1.1(03-1.7) 0.54
(n=27), ng/ml
Proteinuria (n=28), mg/24 h 369 323 0.20 803 466 0.13
(162-1550)  (169-1150) (175-1550)  (224-1250)
Albuminuria (n=30), mg/24 h 112 (16-758) 111 (12-594) 0.03° 393 (47-970) 240 0.19
(102-715)
Inflammatory
IL-1p, pg/ml 0.8+0.7 0.8+0.6 0.98 0.8+0.6 0.8+0.7 0.36
IL-6, pg/ml 2.240.9 2.0+0.8 0.40 2.0+0.8 2.0+0.9 0.86
IL-10, pg/ml 3.6+£2.0 3.6+2.1 0.84 3.4+1.7 3.7£2.1 0.32
TNF-a, pg/ml 2.240.8 2.0+0.7 0.09 2.1+0.7 2.1+0.7 0.58
Oxidative stress
Fp-isoprostanes, pg/ml 141£76 167112 0.16 127463 139497 0.68
Glutathione peroxidase, U/L 15746 155+7 0.19 1577 155+7 0.37
Exploratory
Endotoxins, EU/ml 0.29+0.13 0.2740.13 0.16 0.29+0.13 0.27+0.12 0.18
Patient reported health (n=27)
Physical composite score 35+11 3710 0.23 34+10 37x10 0.48
Mental composite score 5110 5249 0.75 50+10 5249 0.67
Gastrointestinal Symptom
Score (n=30)
Mean score 1.6+0.7 1.5+0.8 0.72 1.7x0.7 1.5+0.8 0.49
Score >3, n (%)
Reflux 0(0) 13) >0.99° 0(0) 165) >0.99°
Abdominal pain 0 (0) 0 (0) >0.99° 0 (0) 0 (0) >0.99°
Indigestion 4(13) 2(7) 0.69° 4(19) 165 0.38P
Constipation 2(7) 5317) 0.25° 15) 3(14) 0.50°
Pt 21 1 n znb 20m 1 n znb

Open in a separate window

Data presented as means+SDs or medians (interquartile ranges). Score >3 indicates moderate discomfort. EPI,

epidemiology collaboration; MJ, megajoules.

*Derived from regression modeling with normally distributed data and Wilcoxon Mann-Whitney with non-normal

data, with both methods accounting for period effect.

DTreatment effect of 38 mg/24 h.

“Exact McNemar significance probability.

dFrom diet only and not including synbiotic supplement.
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