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I. INTRODUCTION

Chronic kidney disease (CKD) is a global threat to human health, with a prevalence ranging
from 8% to 16% worldwide. Its frequency has steadily increased over recent decades and
currently affects more than 840 million people globally. According to the World Health
Organization, kidney diseases rank as the tenth leading cause of death, and projections
indicate they will become the fifth by 2040. The progressive and irreversible loss of kidney
function in CKD is associated with a number of complications that contribute to increased
morbidity and mortality in affected patients.

One of the characteristic manifestations of chronic kidney failure involves alterations in the
composition and function of gut microbiota, a condition known as dysbiosis. There is growing
evidence that gut dysbiosis itself contributes to the development and progression of CKD.
This bidirectional relationship supports the concept that the intestinal microbiota may be
viewed as a novel focus for both the causation and potential treatment of kidney disease.
Aside from SGLT-2 inhibitors, which have entered nephrological practice in recent years,
there have been no other significant therapeutic breakthroughs for CKD patients over the past

decades.

Uremia is one of the complications of CKD and is due to the accumulation of soluble toxic
substances that are normally excreted by the kidneys. To date, more than 150 uremic toxins
have been identified and classified. It has been established that some of these toxins are
generated during proteolytic processes by the colonic microbiota. Among the main gut-
derived uremic toxins are indoles (indoxyl sulfate, IS) and phenols (para-cresyl sulfate, p-CS),

which fall under the category of protein-bound uremic molecules.

Intestinal dysbiosis in kidney failure causes overproduction of these toxic compounds, leading
to significantly elevated serum levels. IS and p-CS have been proven to play a role in the
progression of CKD, are associated with increased cardiovascular and overall mortality, and
contribute to the development of inflammatory states, oxidative stress, vascular calcification,
and neurological disorders. Therefore, therapeutic strategies aimed at restoring gut-kidney
symbiosis—such as high-fiber diets, prebiotic, probiotic, and synbiotic supplements—present

new opportunities for treatment and slowing the progression of the uremic condition.



Il. SCIENTIFIC HYPOTHESIS, OBJECTIVES AND TASKS OF THE STUDY

1. SCIENTIFIC HYPOTHESIS:

1.1 Null Hypothesis Ho: Serum levels of indoxyl sulfate and para-cresyl sulfate can be
used as markers of gut dyshiosis in patients with CKD stage V-V and are relevant to
the progression and complications of uremia.

1.2 Alternative Hypothesis Hi: Serum levels of indoxyl sulfate and para-cresyl sulfate
cannot be used as markers of gut dysbiosis in patients with CKD stage V-V and are

not relevant to the progression and complications of uremia.

2. OBJECTIVE
To assess the clinical significance and therapeutic potential for influencing gut dysbiosis
in patients with CKD stages IV-V.

3. TASKS OF THE STUDY

3.1 To investigate serum levels of IS and p-CS in patients with CKD stages V-V, including

those undergoing hemodialysis treatment, and compare them with levels in a control group.

3.2 To evaluate changes in IS and p-CS levels in the subgroup of hemodialysis patients after

eight weeks of synbiotic supplementation.

3.3 To analyze changes in serum concentrations of IS, p-CS, and estimated glomerular filtration
rate (eGFR) in a subgroup of CKD stage IV-V patients after 40 weeks of synbiotic

supplementation, compared to a placebo group.

3.4 To examine serum levels of interleukin-6 (IL-6) and malondialdehyde (MDA) in patients
with CKD stages V-V, including those undergoing hemodialysis, and compare them with

values in the control group.

3.5 To explore the possibility of modulating serum levels of IL-6 and MDA in patients with
CKD stages 1V-V, including those undergoing hemodialysis, following synbiotic

supplementation.



I1l. PATIENTS AND METHODS

1. Characteristics of the study population — patients and controls

1.1 Demographic characteristics of the study population

The study included 80 patients who met the inclusion criteria. Of these, 37.5% (n=30) were

undergoing hemodialysis treatment, and the remaining 62.5% (n=50) had CKD stage 1V-V but

were not receiving renal replacement therapy (RRT). Among the patient group, 45% (n=36)

were female and 55% (n=44) were male. The control group consisted of 30 healthy volunteers

—50% (n=15) women and 50% (n=15) men.

The patient group included subgroups of CKD stage V-V patients who were either treated at

the Nephrology Clinic of UMHAT "Kaspela™" or undergoing hemodialysis at the Dialysis Unit

of the same hospital. Healthy volunteers with no history of kidney or gastrointestinal diseases

served as the reference “control group.”

There were no statistically significant differences among the subgroups (CKD patients not on

RRT, hemodialysis patients, and healthy controls) in terms of age or sex — see Tables 1 and 2.

Table 1. Gender distribution of study participants

Subjects Total Female Male
Patients 80 37 43
Hemodialysis patients 30 13 17
Non-dialysis patients 50 24 26
- Subgroup with 25 13 12

synbiotic suppl.

- Placebo subgroup 25 12 13
Healthy controls 30 15 15




Table 2 . Mean age of the study population by group and subgroup

Group Number Mean SD Min Max
Age
Total 110 59.4 12.8 23 82
Control group 30 56.7 11.3 23 78
Patients 80 60.1 13.2 25 82
Hemodialysis 30 62.6 14.3 27 82
patients
Non-dialysis 50 58.1 12.4 25 80
patients
- Synbiotic 25 59 12.8 26 79
subgroup
- Placebo 25 57.2 12 25 80
subgroup

Mean — arithmetic mean / SD — standard deviation

Clinical, laboratory, and sociodemographic data were collected via a questionnaire, physical
examination, and a pre-approved study protocol. All data were entered into a database in both
paper and electronic form.

Medical histories included age, disease duration, primary disease therapy, comorbidities, and
respective treatments.

All procedures adhered to Good Clinical Practice (GCP) guidelines and followed the
Declaration of Helsinki regarding patient rights. Written informed consent was obtained from
all participants, including the control group. The consent form was approved by the Ethics
Committee of the Medical University — Plovdiv (Protocol Ne 1 /19.01.2023).



1.2 Inclusion and exclusion criteria

1.2.1 Inclusion criteria for patients:

> Age >= 18 years
» Diagnosed with chronic kidney disease stage 1V-V, including patients undergoing
hemodialysis treatment
» In good mental health, communicative and coherent
» Provided written informed consent, approved by the local Ethics Committee
1.2.2 Exclusion criteria for patients:

» Refusal to provide voluntary informed consent

» Active inflammatory bowel disease

» Antibiotic or chemotherapy treatment in the past three months, treatment with
biological agents during the same period, or use of phosphate binders, statins, and
proton pump inhibitors

» Considered by the investigator as unsuitable for participation in the study

1.2.3 Inclusion criteria for the control group of healthy individuals

» Age >= 18 years
> No history of chronic kidney disease or active inflammatory bowel disease

» Signed informed consent for participation

1.3 Clinical characteristics of the study population

Clinical data for both patients and healthy controls included the following measurements:
total serum indoxyl sulfate (IS), total serum para-cresyl sulfate (p-CS), serum interleukin-6
(IL-6), and malondialdehyde (MDA).

In CKD stage V-V patients, serum creatinine and eGFR were assessed using the CKD-EPI
formula (creatinine-based). For hemodialysis patients, duration and frequency of renal

replacement therapy, presence of residual kidney function, complete blood count (CBC),



serum creatinine, urea, potassium, total calcium, phosphorus, serum iron, and Kt/V

(Daugirdas formula) were evaluated.

Synbiotic Composition
The synbiotic used consisted of:
e 75 mg Lactobacillus acidophilus La-14 (2x10% CFU/g)
e 65 mg fructooligosaccharides,
administered once daily in capsule form, one hour after meals. Patients were instructed
not to alter their dietary habits, physical activity, or treatment regimens during the
supplementation period.
All hemodialysis patients received treatment at the same dialysis center - UMHAT "Kaspela".
Blood samples were drawn from the “arterial” dialysis line at the start of the second dialysis
session of the week.
Dialysis Parameters:
e High-flux dialyzers (polyethersulfone, “DORA”) with a surface area of 1.8 or 2.0 m?
o Blood flow rate: 280-330 mL/min, depending on vascular access
o Dialysate flow rate: 500 mL/min
Synbiotic supplementation in this group lasted eight weeks. Table 3 presents the distribution

of the primary renal disease among hemodialysis patients.

Table 3. Distribution of hemodialysis patients by underlying kidney disease leading to end-
stage CKD

Renal pathology Number of patients
Chronic glomerulonephritis 13
Diabetic nephropathy 6
Hypertensive nephroangiosclerosis 6
ADBPB 3
Other 2

ADPKD - autosomal dominant polycystic kidney disease

10



The largest share of patients were those with chronic glomerulonephritis — 43.33% (n=13). An
equal distribution was observed among patients with diabetic nephropathy and hypertensive
nephroangiosclerosis — each comprising 20% (n=6). ADPKD accounted for 10% (n=3), and
other kidney pathologies made up the remaining 6.66% (n=2).
Dialysis Duration
In terms of dialysis duration:

e 46.67% (n=14) of patients had been on dialysis for more than 3 years

e 36.67% (n=11) had started dialysis within the last year

e 16.67% (n=5) had been receiving dialysis for 1 to 3 years
Most patients underwent dialysis three times a week for 4 hours — 70% (n=21). Due to preserved
residual kidney function, 16.67% (n=5) were dialyzed twice a week for 4 hours, and 13.33%

(n=4) received dialysis three times a week for 3.5 hours ( Table 4).

Table 4. Frequency and dutaion of hemodialysis treatment

frequency and duration of dialysis Number of patients
3 sessions x 4 hours 21

3 sessions x 3 hours and 30 minutes 4
2 sessions x 4 hours 5

Among patients undergoing hemodialysis, in addition to the typical complications such as

secondary anemia and mineral-bone disorders, the following comorbidities were observed:

e The smallest percentage, 10% (n=3), had both arterial hypertension and ischemic heart

disease.
e One-third, 33.3% (n=10), had diabetes mellitus in combination with hypertension.
e The majority, 56.7% (n=17), suffered from arterial hypertension only.
Table 5. Comorbidities in the hemodialysis subgroup

Comorbidity Number of patients
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AH and IHD 3

DM and AH 10

AH only 17

AH - arterial hypertension; DM - diabetes mellitus; IHD - ischemic heart disease

Table 6. Distribution of patients with CKD stage 1VV-V by primary diagnosis

Renal pathology Total patients Synbiotic subgroup Placebo subgroup
Chronic 16 8 8
glomerulonephritis

Diabetic 11 6 5

nephropathy
Hypertensive 13 6 7

nephroangiosclerosis

CTIN 6 3 3
ADBPB 2 1 1
Other 2 1 1

CTIN — Chronic tubulointerstitial nephritis
ADPKD - autosomal dominant polycystic kidney disease

Among the patients with CKD stage IV-V:
e 32% (n=16) had chronic glomerulonephritis, evenly split between the two subgroups.

e 26% (n=13) had hypertensive nephroangiosclerosis, with an almost equal distribution
between subgroups.

e 22% (n=11) were diagnosed with diabetic nephropathy, with a slight predominance in
the placebo group.

e 12% (n=6) were diagnosed with chronic tubulointerstitial nephritis (CTIN), equally
divided between the subgroups.

e 4% (n=2) had ADPKD, equally distributed.

e Another 4% (n=2) had other types of kidney pathology, again equally distributed.

12



Table 7. Comorbidities in patients with CKD stage IV-V.

Comorbidity Number of Subgroup with Placebo subgroup
patients synbiotic
AH and IHD 18 10 8
DM and AH 15 7 8
AH and CVD 6 3 3
AH 8 4 4
No comorbidities 3 1 2

AH - arterial hypertension; DM - diabetes mellitus; IHD - ischemic heart disease; CVD -

cerebrovascular disease

In addition to the typical manifestations of CKD—namely anemia and mineral-bone
disorders—the most common comorbidity among stage I\V-V patients was arterial
hypertension (AH):

e 36% (n=18) had AH combined with ischemic heart disease (IHD), slightly more in the
synbiotic subgroup.

e 30% (n=15) had diabetes mellitus along with AH, almost equally distributed.

e 16% (n=8) had only AH, with no significant difference between subgroups.

e 12% (n=6) had AH combined with cerebrovascular disease, also evenly distributed.
e 6% (n=3) of the patients had no additional comorbidities.

2. Observational Parameters of the Study

2.1. Factorial Parameters: Age, Sex, Duration of disease, Comorbid conditions, Treatment,

Dietary habits, Alcohol consumption, Smoking

2.2. Outcome Parameters: Clinical outcomes, Paraclinical laboratory tests, Levels of uremic

toxins, Pro-inflammatory cytokines, Markers of oxidative stress
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3. Study Location and Timeline
3.1. Study Location

The study was conducted at UMHAT “Kaspela”, specifically in the Clinic of Nephrology and
Dialysis Treatment Unit.

Routine paraclinical tests were carried out in the Clinical Laboratory of UMHAT “Kaspela”.
The determination of serum levels of indoxyl sulfate (IS), para-cresyl sulfate (p-CS),
interleukin-6 (IL-6), and malondialdehyde (MDA) was performed at the Department of Medical
Biochemistry, Faculty of Pharmacy, Medical University of Plovdiv.

3.2. Study Period

The research activities described in the dissertation were conducted during the period 2021
2024.

4. Research Personnel and Coordination

The study was conducted with the personal involvement and supervision of the doctoral
candidate, in collaboration with: Nephrologists, Gastroenterologists, Urologists, Clinical

laboratory physicians snd Assistants and laboratory technicians

All collaborators were affiliated with the Department of Medical Biochemistry, Faculty of
Pharmacy, Medical University of Plovdiv, and worked under the guidance of Prof. Dr. Anelia
Bivolarska, PhD.

5. Data Collection

Primary data were collected during patient visits at UMHAT “Kaspela”, both in the Nephrology

Clinic and the Dialysis Treatment Unit.

Sources of data included: Patient medical histories, Existing laboratory results and Follow-up

evaluations related to synbiotic supplementation
6. Methods and tools for evaluation used in the study

6.1. Non-clinical methods

Epidemiological method — for collecting demographic data about patients

14



Sociological method — standard individual interviews and direct questionnaires to gather

information from all study participants

6.2. Clinical methods

6.2.1. Medical history and physical examination: A complete medical history and objective

examination were performed on all patients, in accordance with the principles of Propaedeutics
of Internal Medicine.

6.3 Laboratory methods

The levels of indoxyl sulfate (IS), para-cresyl sulfate (p-CS), interleukin-6 (IL-6), and
malondialdehyde (MDA) in serum were measured at the Department of Medical Biochemistry,
MU-Plovdiv.

6.3.1 Serum collection and storage - Blood samples were collected in the morning after an 8-

hour fast, regardless of therapeutic regimen. Blood was drawn from the ulnar vein into 4 mL
vacuum tubes (Vacutainers) containing a clot activator and gel. For hemodialysis patients,
samples were taken from the arterial dialysis line at the start of the procedure. Tubes were
centrifuged at 3000 rpm for 15 minutes, and serum was separated into Eppendorf microtubes,
labeled, and stored at —-80°C.

6.3. 2 Methods for determining serum concentrations of IS, p-CS, IL-6, and MDA.

Enzyme-linked immunosorbent assay (ELISA)

Measurements were conducted using the enzyme-linked immunosorbent assay (ELISA).
Commercially available kits from ELK Biotechnology, P.R.C., were used following the

manufacturer’s protocol

e 6.3.3 Paraclinical tests included Complete blood count (CBC), Urea, Creatinine, Total

protein, Potassium, Total calcium, Phosphorus, Serum iron

All tests were conducted per the manufacturer’s instructions using equipment in the Clinical

Laboratory of UMHAT “Kaspela”.

Reference ranges and methods are listed in Table 8.
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Table 8. Laboratory tests, methods, and reference ranges used in the dissertation.

Type research

Method

Reference value

Complete blood count

Immunoturbidimetric method with
standard Kkits

Standard values

Urea

UV urease (IFCC), Beckman coulter kits

2.5-8.2 mmol/I

Creatinine

Jaffe kinetic method, Beckman coulter kits

65-134 pmol/I

Glomerular filtration
rate (eGFR )

CKD-EPI 2021 Creatinine

eGFR =142 xmin (S cr/x, 1) *x max (S cr
/x, 1) 1200x 0.9938 2% x 1,012 [if the patient
is female]
S c=serum creatinine pmol/l
K = 0.7 (female) or 0.9 (male)
=-0.241 (female) or —0.302 (male)

> 90 mL/min/ -73m2

Total protein

Biuret method, Beckman coulter kits

70-83g/l

Potassium

ISE direct potentiometry, Beckman coulter
kits

16
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Total Calcium Arsenazo I11 photometric method, 2.17-2.62 mmol/I

Beckman coulter kits

Phosphorus Enzymatic colorimetric with ammonium 0.72-1.35 mmol/Il

phosphomolybdate, Beckman coulter kits

Serum iron Ferrozine method, Beckman coulter kits 9.6-28 pmol/i

6.4 Statistical methods:

The selection of statistical methods was based on the type of data, the distribution of the
studied variables, and the objectives of the study. Data processing and analysis were carried
out using the statistical software package IBM SPSS v.25 (SPSS, Inc., Chicago, Illinois,
USA).

6.4.1 Descriptive analysis:

Variation analysis — for the examination of quantitative variables through the calculation of

arithmetic mean (Mean), median (Median), and standard deviation (SD).

Frequency analysis of qualitative variables — nominal and ordinal, using absolute and relative

frequencies (%). The results were presented in tabular form via frequency tables.

6.4.2 Methods for testing hypotheses:

e Kolmogorov-Smirnov and Shapiro-Wilk tests — used to assess the normality of the

distribution of a quantitative variable.

e Mann-Whitney U test — compares the distributions of a quantitative variable across two

groups of a qualitative variable when the distribution is non-normal.

e Chi-square (y?) test or Fisher’s exact test — used to examine the relationship between

two qualitative variables.

e Student’s t-test — tests hypotheses for significant differences between the means of two

independent samples.
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A level of significance of p<0.05 was adopted for the null hypothesis, with a 95% confidence

interval.

6.4.3 Correlation analysis: To determine the presence of a relationship between variable

quantities by measuring its strength (degree) and direction.

o Ifthe variables are quantitative, normally distributed, and the relationship between them

is linear, Pearson’s linear correlation coefficient (r) is used.

o If the variables are ordinal or quantitative with a non-normal distribution, Spearman’s

rank correlation coefficient (rs) is applied.
o If the variables are nominal and ordinal, the contingency coefficient (C) is used.

o The coefficient of determination (r2-100) expresses the strength of the relationship as a
percentage and shows what portion of the variation in one variable can be explained by
the variation in the other variable (known as the explained variance).

e The influence of unstudied factors is described by the coefficient of indeterminacy

(k2-100 = 100 — r2-100). This represents the so-called unexplained variance.

The direction of the correlation is determined by the sign preceding the correlation coefficient.
Positive values indicate a positive correlation, in which the values of both variables change in
the same direction. A negative correlation is observed when the coefficient is negative — as one

variable increases, the other decreases.

6.4. 4 Graphical and Tabular Representation: Results of qualitative and discrete quantitative

variables were graphically and tabularly represented using box-and-whisker plots and line

charts.
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IV. RESULTS AND DISCUSSION

Tables 9 and 10 present the descriptive statistics of the studied parameters, as well as the level

of significance before and after eight weeks of synbiotic supplementation in patients

undergoing hemodialysis and in the control group.

Table 9. Serum levels of indoxyl sulfate (I1S) and para-cresyl sulfate (p-CS) before and after

eight weeks of synbiotic supplementation in hemodialysis patients and their values in the

control group

Indoxyl Indoxyl Indoxyl p -cresyl p -cresyl p -cresyl
sulfateng / | sulfateng/ | sulfateng/ | sulfate pg/ sulfate pg / sulfate pg /
mL mL (week 8) mL mL (baseline) | mL (week 8) | mL (controls)
(baseline) (controls)
meantSD | 212.89+20 | 47.08+3.24 | 46.67+8.41 | 29.26+58.32 6.40+0.79 4.12+0.61
8.59
95%
Confidence
intervals 135.00 - | 45.87-48.30 43.53 - 7.48 -51.04 6.10 -6.70 3.89 -4.35
290.78 49.82
Min . 42.48 40.94 33.16 6.17 6.17 3.21
Max . 1012.28 54.14 64.00 265.00 8.43 5.97
SEM 38.08 0.59 1.53 10.64 0.14 0.11
* p <0.001 *p <0.001
p - value p <0.001 p=0.041
(Paired Samples t- Test) | ** p =0.460 (Paired Samples t- Test) **p <0.001

SD — standard deviation

SEM — standard error of mean

* compared to patients before supplementation with synbiotic ( Mann-Whitney U Test)

** compared to patients after taking a synbiotic (Mann-Whitney U Test)
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Table 10. Serum level on Il -6 and MDA before and after eight weekly supplementation with

synbiotic in hemodialysis patients and their values in the control group

IL-6 pg / mL IL-6 pg / IL-6 pg / MDA pg / mL MDA pg/mL | MDA pg/mL
(baseline) mL (week mL (baseline) (week 8) (controls)
8) (controls)
mean+SD 13.84+2.02 | 9.14+1.67 | 10.98+2.67 | 1430.33+583.42 | 1003.47+518.37 970.37+
489.64
95%
Confidence
intervals 13.08 -14.59 | 8.52-9.77 | 9.99-11.98 | 1212.48 - 1648.19 | 809.91 -1197.04 741.21 -
1199.52
Min . 9.32 6.19 6.19 7.07 114.58 3.93
Max . 22.46 11.72 16.97 2227.85 2046.74 1820.03
SEM 0.37 0.30 0.48 106.51 94.64 109.48
*p <0.001 *p =0.003
p - value p <0.001 p <0.001
(Paired Samples t - Test) **p< (Paired Samples t - Test) **p =0.003
0.001

SD — standard deviation

SEM — standard error of mean

*- compared to patients before supplementation with synbiotic (Mann-Whitney U Test)

**. compared to patients after taking synbiotic (Mann-Whitney U Test)

Tables 11, 12, 13, 14 and 15 show descriptive statistics of the studied indicators, as well as the

degree of significance before and after 40 weeks of supplementation with synbiotic in patients

with CKD stage 1V-V and controls.
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Table 11. eGFR values in the two subgroups — placebo and patients before and after forty

weekly supplementation with synbiotic .

eGFR ml/min | eGFR eGFR ml/min | eGFR ml/min
1.73 m? ml/min 1.73 | 1.73m? 1.73 m?2
patients m 2 patients | placebo placebo (week
(baseline) (week 40) (baseline) 40)
mean+SD 16.46+6.19 15.61+6.74 | 16.3445.28 15.04+5.83
95%
Confidence
intervals 13.57-19.36 12.457-18.7 11.46 -21.23 | 9.64 - 20.44
Min . 8.7 7.2 8.1 6.4
Max . 28.2 29.5 23.2 23.0
SEM 1.38 151 2 2.20
*p =0.928
p - value p =0.258 p <0.001
(Paired Samples t - Test) (Paired Samples t- Test) **p =0.503

SD — standard deviation

SEM — standard error of mean

(Independent
Samples t-Test)

*- relative to baseline values between individual subgroups - patients and placebo

**..compared to the final values between the individual subgroups - patients and placebo
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Table 12. Indoxyl sulfate values in both subgroups — placebo and patients before and after

forty weekly supplementation with synbiotic.

Indoxyl Indoxyl Indoxyl Indoxyl Indoxyl
sulfate sulfate sulfate sulfate sulfate
ng/ mL ng/ mL ng/ mL ng/ mL ng / mL (
patients patients placebo placebo controls)
(baseline) (week 40) (baseline) (week 40)
mean+SD 135.92439.76 | 113.12+39.52 | 120.70+20.61 | 124.65+19.70 | 46.67+8.41
95%
Confidence
intervals 117.31- 94.62 -131.61 101.64 - 105.68- 43.53-49.82
154.53 139.77 133.63
Min. 91.65 84.84 97.99 102.61 33.16
Max. 240.29 271.09 146.53 151.59 64.00
SEM 8.89 8.83 7.79 8.66 1.53
p - value p =0.019 p=0.521 *p<0.001 | ***p=0.170
(Paired Samples t- Test) (Paired Samples t- Test)
** p < **k*%k * p
0.001 =0.301

SD — standard deviation

SEM — standard error of mean

*- compared to both subgroups — patients and placebo before supplementation with synbiotic
(Mann-Whitney U Test)

**..compared to both subgroups - patients and placebo after taking synbiotic (Mann-Whitney
U Test)

*** _ relative to baseline values between individual subgroups - patients and placebo
(Independent Samples t-Test)
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****_ compared to the final values between the individual subgroups — patients and placebo
(Independent Samples t-Test)

Table 13. Values of para - cresyl sulfate in both subgroups — placebo and patients before and

after forty weekly supplementation with synbiotic .

p -cresyl p -cresyl p -cresyl p -cresyl p -cresyl
sulfate pg/ | sulfate pg/ | sulfate pg/ sulfate pg / sulfate pg /
mL patients | mL patients | mL placebo mL placebo mL (
(baseline) (week 40) (baseline) (week 40) controls)
meanzSD 15.75+11.22 | 15.12+10.56 | 14.80+10.64 | 15.13£10.45 4.12+0.61
95%
Confidence
intervals 11.50 -20.00 | 10.20-20.04 | 11.01-18.59 | 10.71-19.55 | 3.89-4.35
Min . 10.65 9.66 9.94 10.17 3.21
Max . 52.66 49.11 56.27 57.87 5.97
SEM 2.51 2.31 2.02 2.44 0.11
p - value p =0.890 p=0.901 *p<0001 | **p=0.779
(Paired Samples t- Test) (Paired Samples t- Test)
**p<0.001 | ****p=0.916

SD — standard deviation

SEM — standard error of mean

*- compared to both subgroups — patients and placebo before supplementation with synbiotic
(Mann-Whitney U Test

**..compared to both subgroups - patients and placebo after taking synbiotic (Mann-Whitney
U Test)

*** - relative to baseline values between individual subgroups - patients and placebo

(Independent Samples t-Test)

****. compared to the final values between the individual subgroups — patients and placebo
(Independent Samples t-Test)
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Table 14. Interleukin - 6 values in both subgroups — placebo and patients before and after forty

weekly supplementation with synbiotic.

IL-6 IL-6 IL-6 IL-6 IL-6
pg/mL pg/mL pg/mL pg/mL pg/ mL (
patients patients (week | placebo placebo controls)
(baseline) 40) (baseline) (week 40)
mean+SD 17.07+ 13.56 | 12.42+13.56 | 18.33+£8.23 | 17.38+11.70 | 10.98+2.67
95%
Confidence
intervals 10.73-23.42 4.40-20.44 | 10.72-25. 10.45-24.30 9.99-11.98
93
Min. 3.65 0. 26 4.06 3.94 6.19
Max. 66. 12 59.11 27.48 31. 27 16.97
SEM 3.03 3.03 3.11 4.42 0.48
p - value p=0.370 p=0.821 *p <0.001 *xE* p=0.
579
(Paired Samples t- Test) (Paired Samples t- Test)
**p =0.005
**k*k p < *kkkk p :0.
0.001 306

SD — standard deviation

SEM — standard error of mean

*- compared to both subgroups — patients and placebo before supplementation with synbiotic
(Mann-Whitney U Test)

**. compared to patients after taking synbiotic (Mann-Whitney U Test)

***_ compared to placebo after taking synbiotic (Mann-Whitney U Test)

**** . compared to baseline values between individual subgroups - patients and placebo
(Independent Samples t-Test)
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*x**x*_ compared to the final values between the individual subgroups — patients and placebo
(Independent Samples t-Test)

Table 15. Malondialdehyde values in both subgroups — placebo and patients before and after

forty weekly synbiotic supplementation.

SD - standard deviation

MDA MDA MDA MDA MDA
pg/mL pg/mL pg/mL pg/mL pg/mL
patients patients placebo placebo (controls)
(baseline) (week 40) (baseline) (week 40)
mean+SD 1712.14 + 1654.13 + 1765.90 + 1768.18 + 970.37+
721.30 743.03 691.49 642.66 489.64
95%
Confidence
intervals 1599.95 - 1429.37 - 1676.28 — 1654.61 - 741.21 -
1824.32 1878.90 1855.53 1881.75 1199.52
Min . 802.51 681.49 797.38 850.94 3.93
Max . 1909.65 1918.46 1914.92 1945.39 1820.03
SEM 145.84 191.85 142.81 154.26 109.48
p - value p =0.833 p=0.941 *p<0.001 | ***p=0.750
(Paired Samples t- Test) (Paired Samples t- Test)
** p < *kkk p :O6
0.001 48

SEM — standard error of mean

*- compared to both subgroups — patients and placebo before supplementation with synbiotic
(Mann-Whitney U Test)

**. compared to both subgroups - patients and placebo after taking synbiotic ( Mann-Whitney

U Test)

* ** _ relative to baseline values between individual subgroups - patients and placebo

(Independent Samples t-Test)
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****_ compared to the final values between the individual subgroups — patients and placebo
(Independent Samples t-Test)

Results for Objective 1: To investigate serum levels of IS and p-CS in patients with CKD
stages IV-V, including those undergoing hemodialysis treatment, and compare them with

levels in a control group.

1.1 Investigation of serum indoxy! sulfate levels in dialysis patients and controls.

The statistical analysis of the levels of indoxyl sulfate in dialysis patients before synbiotic
supplementation and in healthy controls was performed using the Mann—Whitney U test. As
expected, a significant difference was found in the serum level of the parameter between the
two subgroups — respectively 212.89+208.59 ng/mL in the subgroup of dialysis patients and
46.67+8.41 ng/mL in healthy controls — (p<0.001) (Table 9, Fig. 1).The serum concentrations
of indoxy| sulfate measured after eight weeks of synbiotic supplementation in the subgroup of
dialysis patients — 47.08+3.24 ng/mL — did not show a statistically significant difference
compared to the controls — 46.67+8.41 ng/mL (p=0.460, Mann-Whitney U Test) (Table 9,
Fig. 2).

Fig. 1 Mean value and 95% confidence interval of serum indoxyl sulfate in the subgroup of

patients undergoing dialysis treatment before synbiotic supplementation and the control

group.
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Fig. 2 Mean value and 95% confidence interval of serum indoxyl sulfate in the subgroup of

dialysis patients after synbiotic intake and the control group.
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1.2 Investigation of serum para-cresyl sulfate levels in patients undergoing hemodialysis

and controls.

The results obtained regarding the serum concentrations of para-cresyl sulfate in patients
undergoing hemodialysis before synbiotic intake and healthy controls showed significantly
higher values of the parameter in the dialysis group — 29.26+58.32 pg/mL compared to the
control group — 4.12+0.61 pg/mL (p<0.001, Mann-Whitney U Test) (Table 9, Fig. 3).
After synbiotic supplementation in the patients, the level of para-cresyl sulfate decreased to
6.40£0.79 pg/mL, but still showed a statistically significant difference compared to that in the
controls — 4.12+0.61 pg/mL (p<0.001, Mann—Whitney U Test) (Table 9, Fig. 4).
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Fig. 3 Mean value and 95% confidence interval of serum p-cresyl sulfate in the subgroup of

patients undergoing dialysis treatment before synbiotic intake and in the control group.
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Fig. 4 Mean value and 95% confidence interval of serum p- cresyl sulfate in the subgroup of

patients undergoing dialysis treatment after taking the synbiotic and the control group.
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1.3 Investigation of serum indoxyl sulfate levels in patients with CKD stage V-V

undergoing synbiotic supplementation, placebo, and controls.

Statistical analysis of the obtained results for indoxyl sulfate in the subgroups: placebo, patients
before synbiotic supplementation, and healthy controls was performed using the Mann—
WhitneyUTtest.

A statistically significant difference was recorded in the serum level of the parameter —
respectively 135.92+39.76 ng/mL in the subgroup of patients supplemented with synbiotic,
113.12+39.52 ng/mL in the placebo subgroup, and 46.67+£8.41 ng/mL in healthy controls
(p<0.001)(Tablel12,Fig.5).

The values of the parameter after synbiotic supplementation in the subgroup of patients —
113.12+39.52 ng/mL, as well as in the placebo subgroup after 40 weeks —124.65+19.70 ng/mL,
remained significantly higher than those in the controls — 46.67+8.41 ng/mL (p<0.001, Mann—
Whitney U Test) (Table 12, Fig. 6).

Fig. 5 Mean value and 95% confidence interval of serum indoxyl sulfate in the placebo
subgroup, the subgroup of patients with CKD stage V-V before taking the synbiotic and the

control group.
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Fig. 6 Mean value and 95% confidence interval of serum indoxyl sulfate in subgroups of

patients with CKD stage 1VV-V and placebo after taking the synbiotic and the control group.
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1.4 Investigation of serum para-cresyl sulfate levels in patients with CKD stage IV-V

undergoing synbiotic supplementation, placebo, and controls.

The baseline values of para-cresyl sulfate in the two subgroups — patients before synbiotic
intake and placebo — compared with healthy controls, showed a statistically significant
difference in the serum level of the parameter — 15.75+£11.22 pg/mL in the patient subgroup,
14.80+10.64 pg/mL in the placebo group, and 4.12+0.61 pg/mL in the control group (p<0.001,
Mann-WhitneyUTest)(Table13,Fig.7).

The serum level of the uremic toxin after synbiotic supplementation in the patients —
15.12+10.56 pg/mL, as well as in the placebo subgroup after 40 weeks — 15.13+£10.45 pg/mL,
remained significantly higher than that in the controls — 4.12+0.61 pg/mL (p<0.001, Mann-—
Whitney U Test) (Table 13, Fig. 8).
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Fig. 7 Mean value and 95% confidence interval of serum p- cresyl sulfate in the subgroups of

patients with CKD stage 1V-V and placebo before taking the synbiotic and the control group.
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Fig. 8 Mean value and 95% confidence interval of serum p- cresyl sulfate in the subgroups of
patients with CKD stage 1VV-V and placebo after taking the synbiotic and the control group.
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As mentioned in the exposition, under normal kidney function, IS and p-CS are excreted in
the urine through the processes of tubular secretion.

They enter the renal tubular cells via organic anion transporters (OAT) 1 and OAT 3, which
are located in the basolateral membrane of the proximal tubule, and are subsequently drained
into the lumen via OAT 4, localized in the apical membrane of the tubular cells.
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In blood plasma, these uremic toxins are present in two fractions — total and free, the latter
independently representing approximately 10% of their serum concentration.

Since it is possible that the free forms of indoxyl sulfate and para-cresyl sulfate may not be
detected in serum under normal kidney function, in our study we examined their total
fractions.

Similar to most uremic toxins, the serum concentrations of these compounds correlate with
the degree of renal impairment and reach peak values in patients with end-stage CKD, when
the gut microbiota is significantly compromised.

This is one of the reasons they are considered potential indirect markers of gut dysbiosis in
patients with CKD.

The results we obtained for Objective 1 are consistent with those reported in the literature to
date, and entirely expectedly, the serum levels of IS (46.67+8.41 ng/mL) and p-CS (4.12+0.61
pg/mL) in healthy controls were significantly lower than those in patients with CKD.

We also established that the baseline mean values of indoxyl sulfate — 212.89+208.59 ng/mL
and para-cresyl sulfate — 29.26+58.32 pg/mL in patients undergoing hemodialysis treatment
were higher than those in patients with CKD stage 1V-V not undergoing renal replacement
therapy — respectively indoxyl sulfate — 135.92+39.76 ng/mL / 113.12+39.52 ng/mL (placebo
subgroup) and para-cresyl sulfate — 15.75+11.22 pg/mL / 14.80+£10.64 pg/mL (placebo
subgroup), which is related to the presence of more preserved kidney function in pre-dialysis
patients.

From the questionnaire conducted among patients on hemodialysis (Appendix 4), we found
that seven of the patients lacked residual diuresis, with the duration of renal replacement
therapy in these individuals exceeding three years.

The data from our study confirm the importance of residual renal function in the clearance of
protein-bound uremic toxins during CKD progression, which has been proven to be related to
patient survival.

Regarding the results we recorded in the two patient arms after completion of synbiotic
supplementation compared with the control group, it is notable that the decrease in the values
of the studied parameters was more pronounced in the dialysis subgroup.

Similar findings have been reported by other researchers, which are discussed in detail in the
analysis of the data obtained in the following objectives.

Even the serum concentrations of indoxyl sulfate in the subgroup of patients undergoing
hemodialysis after synbiotic intake dropped to levels (47.08+3.24 ng/mL) at which no

significant difference was observed compared to the values in the control group (46.67+8.41
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ng/mL). One possible reason for this is the better compliance of the patients, due to the
shorter duration of the study in this subgroup.

It is important to note that the standard laboratory methods used to detect protein-bound
uremic toxins in serum are high-performance liquid chromatography (HPLC) and mass
spectrometry (MS), which require specialized equipment, trained laboratory staff and
technicians, complex sample collection and storage preparation, and not least — higher cost.
Several studies related to the measurement of serum concentrations of IS and p-CS using the
ELISA method and comparison of the obtained results with those from HPLC and MS
methods have demonstrated that ELISA is comparable and fully correlates with standard

methodologies regarding these molecules.

Results for task 2: To evaluate changes in IS and p-CS levels in the subgroup of hemodialysis
patients after eight weeks of synbiotic supplementation.

2.1 Investigation of serum indoxyl sulfate levels in patients undergoing hemodialysis before

and after synbiotic supplementation.

After analysis of the obtained results using the paired samples t-test (Paired Samples t-Test), in
the subgroup of dialysis patients we found a statistically significant reduction in the serum level
of the uremic toxin after eight weeks of supplementation — respectively 212.89+208.59 ng/mL
before and 47.08+3.24 ng/mL after synbiotic intake (p<0.001) (Table 9, Fig. 9).

Fig. 9 Mean value and 95% confidence interval of serum indoxyl sulfate in the subgroup of

patients undergoing dialysis treatment before and after synbiotic supplementation.
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2.2 Investigation of serum para-cresyl sulfate levels in patients undergoing hemodialysis

before and after synbiotic intake.

Following a comparative analysis of the values we obtained for serum para-cresyl sulfate in
patients undergoing hemodialysis before and after synbiotic intake, statistically significantly
lower levels of the parameter were recorded after supplementation — 6.40£0.79 pg/mL
compared to the baseline concentrations — 29.26+58.32 pg/mL (p=0.041, Paired Samples t-
Test) (Table 9, Fig. 10).

Fig. 10 Mean value and 95% confidence interval of serum para- cresyl sulfate in the subgroup

of patients undergoing dialysis treatment before and after taking the synbiotic
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The bidirectional mechanisms of interaction in the gut microbiome—kidney axis and the
possibilities for its modulation are the subject of numerous studies, and the interest of
researchers has led to the emergence of a large number of publications on the issue.

This, in turn, has enabled the compilation of several systematic reviews and meta-analyses
related to the application of various gut microbiota modulators in patients with CKD and their
effect on serum levels of IS and p-CS.

The first systematic review was compiled by Rossi et al. in 2012 and presents nineteen
clinical studies. Five of them included patients on chronic dialysis in whom the effect of pro-,
pre-, and synbiotic intake on serum concentrations of IS and p-CS was analyzed. According to
the authors, it is impossible to draw a substantiated conclusion due to the limited number of

publications, but the results of the meta-analysis support the possibility that modulation of the
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gut microbiota reduces the levels of uremic toxins in CKD patients.

In 2019, Thongprayoon et al. published a systematic review including seven clinical studies
with 178 patients in end-stage CKD. In one of them, patients underwent peritoneal dialysis,
and in the other six — hemodialysis treatment. In three of the studies, the effect of probiotic
intake, either alone or in combination with a prebiotic, on serum levels of certain uremic
toxins was assessed, while only one study specifically examined indoxyl sulfate and para-
cresol, with the meta-analysis reporting a reduction in their levels after supplementation.

In the same year, McFarlane et al. published a broader review including 645 participants from
sixteen clinical studies, eight of which included patients undergoing hemodialysis. In two of
these studies, IS and p-CS levels were analyzed before and after probiotic intake, and in one —
after prebiotic supplementation. The conclusion of the author team was that the effect of pro-
and prebiotics on serum levels of indoxyl sulfate and para-cresyl sulfate in hemodialysis
patients is uncertain and contradictory, highlighting the need for additional research.

March et al. published their review in 2020, which includes twenty-one studies in patients
undergoing hemodialysis. In four of them (175 participants), the effect of pro-, pre-, and
synbiotic supplementation on serum levels of indoxyl sulfate was assessed, and in five (217
participants) — on para-cresyl sulfate. The conclusions made by the authors after performing
the meta-analysis are that probiotic intake significantly reduces serum concentrations of both
toxins, while this trend is not observed after prebiotic intake.

The systematic review by Nguyen et al. complements the previous ones with several
additional studies and includes a total of twenty-three studies with 931 patients on
hemodialysis. In seven of them, the effects of gut microbiota modulation on serum levels of
p-CS and IS were analyzed, and according to the authors, supplementation with pro-, pre-,
and synbiotics significantly reduces only p-CS concentrations, but not those of IS.

Similar results are summarized in the meta-analysis by Li Chen et al. based on fourteen
studies, nine of which included patients undergoing RRT. In contrast, Yu Z. et al., comparing
the effect of different biotic supplements on the levels of protein-bound uremic toxins in
patients with CKD, report that they significantly reduce only IS, with the most pronounced
effect seen after prebiotic intake. This review was published in 2022 and consists of twenty-
five studies with 1,106 participants.

In the same year, Liu J. et al. systematized a total of twenty-three studies with 843 patients in
various stages of CKD. In nine of them, the effect of various biotic supplements on serum p-
CS levels was assessed, and in eight —on IS levels. The meta-analysis showed a significant

reduction in serum para-cresyl sulfate, while the decrease in indoxyl sulfate was reported as
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significant only in the dialysis subgroup, but not in the pre-dialysis group.

In 2023, Cheng et al. prepared a comprehensive review of eighteen randomized clinical trials
in patients on hemodialysis. Again, a beneficial effect of pro-, pre-, and synbiotic supplements
was noted, with a significant reduction in serum concentrations of indoxyl sulfate, but not of
para-cresyl sulfate.

The latest systematic review, from 2024, was compiled by Liu et al. and includes a total of
twenty-one clinical studies with 869 participants in various stages of CKD, primarily from
Asia. Regarding changes in serum levels of indoxyl sulfate, eight studies with 159 patients
were included, and regarding para-cresyl sulfate — six with 103 participants. In four of the
studies, a subgroup of patients on hemodialysis was observed. After the meta-analysis, the
authors did not find significant changes in the concentrations of both toxins following biotic
supplementation.

Many researchers report certain limitations in the cited studies — high risk of bias in some,
small number of patients, varying supplementation duration (most often from 3 weeks to 32
weeks), non-standardized ingredients in the used supplements, as well as lack of compliance
in some patients.

Furthermore, as in our study, in almost all others, the quantitative changes in the gut
microbiota were not assessed, and therefore the mechanism responsible for the changes in
serum toxin levels after biotic supplementation cannot be confirmed.

Due to the contradictory results of the studies conducted so far, the need for additional clinical
trials regarding the effectiveness of different modulators of the gut microbiota in CKD
patients has been emphasized.

The results we obtained are consistent with a large part of the published data to date and
support the concept that modulation of the gut microbiota after synbiotic supplementation
reduces serum concentrations of IS and p-CS in patients undergoing hemodialysis.

In the dialysis subgroup, we recorded a significant reduction in serum levels of both indoxyl
sulfate (from 212.89+208.59 ng/mL to 47.08+3.24 ng/mL) and para-cresyl sulfate (from
29.26+58.32 pg/mL to 6.40£0.79 pg/mL) after eight weeks of synbiotic intake.

Based on these data, we consider it likely that the serum levels of indoxyl sulfate and para-
cresyl sulfate can be viewed as indirect markers of gut dysbiosis in patients undergoing
hemodialysis.

We also acknowledge certain limitations in our study, namely — the small number of

participants, the relatively short supplementation period in the dialysis subgroup, and the lack
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of evaluation of the quantitative changes occurring in the gut microbiota after synbiotic
intake.

Results for task 3: To analyze changes in serum concentrations of IS, p-CS, and estimated
glomerular filtration rate (eGFR) in a subgroup of CKD stage IVV-V patients after 40 weeks of
synbiotic supplementation, compared to a placebo group.

3.1 Investigation of serum indoxyl sulfate levels in the placebo subgroup and in patients
with CKD stage IV-V before and after synbiotic intake.

Statistical analysis of the obtained results using the paired samples t-test (Paired Samples t-
Test) in the subgroup of patients undergoing synbiotic supplementation over a 40-week period
established a significant reduction in the serum level of the uremic toxin — respectively
135.92+39.76 ng/mL before and 113.12+39.52 ng/mL after intake (p=0.019) (Table 12, Fig.
11).

Regarding the placebo subgroup, a non-significant increase in serum concentrations of indoxyl
sulfate was recorded — respectively 120.70+20.61 ng/mL at the beginning and 124.65+19.70
ng/mL at the end of the study (p=0.521, Paired Samples t-Test) (Table 12, Fig. 12).
Statistical analysis of the changes in IS values between the individual subgroups in the study
was performed using the Independent Samples t-Test, with the comparison of the baseline levels
of the parameter in patients and placebo showing no significant difference (p=0.170) (Table 12,
Fig.13).

Despite the lower concentrations of indoxyl sulfate achieved in the patient subgroup after
synbiotic supplementation, no statistically significant difference was found compared to the
levels in the placebo subgroup after 40 weeks (p=0.301) (Table 12, Figs. 14 and 15).
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Fig. 11 Mean value and 95% confidence interval of serum indoxyl sulfate in the subgroup of

patients with CKD stage 1VV-V before and after synbiotic supplementation .
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Fig. 12 Mean and 95% confidence interval of serum indoxyl sulfate in the placebo subgroup at

baseline and after 40 weeks.
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Fig. 13 Mean value and 95% confidence interval of serum indoxyl sulfate in the placebo

subgroup and that of patients with CKD stage 1V-V before synbiotic supplementation .
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Fig. 14 Mean value and 95% confidence interval of serum indoxyl sulfate in the placebo

subgroup and that of patients with CKD stage V-V after synbiotic supplementation .
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Fig. 15 Line diagram of the mean value of serum indoxyl sulfate in the placebo subgroup and

that of patients with CKD stage V-V before and after 40 weeks of synbiotic supplementation .
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3.2 Investigation of serum para-cresyl sulfate levels in the placebo subgroup and in patients

with CKD stage IVV-V before and after synbiotic intake

In the subgroup of patients undergoing synbiotic supplementation, a non-significant decrease
in the serum level of the uremic toxin was established — respectively 15.75+11.22 pg/mL before
and 15.12+10.55 pg/mL after intake (p=0.890, Paired Samples t-Test) (Table 13, Fig. 16).
The results obtained in the placebo subgroup showed a non-significant increase in serum
concentrations of p-CS — respectively 14.80+10.64 pg/mL at the beginning and 15.13+10.45
pg/mL at the end of the study (p=0.901, Paired Samples t-Test) (Table 13, Fig. 17).
We applied the Independent Samples t-Test to analyze the changes in p-CS between the
individual subgroups in the study, and the baseline levels of the parameter in patients and
placebo showed no statistically significant difference (p=0.779) (Table 13, Fig. 18).
The final results also did not reveal a significant difference in the values of the parameter
between the two subgroups after 40 weeks (p=0.916) (Table 13, Figs. 19 and 20).
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Fig. 16 Mean value and 95% confidence interval of serum para- cresyl sulfate in the subgroup
of patients with CKD stage IV-V before and after synbiotic supplementation .
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Fig. 17 Mean and 95% confidence interval of serum p- cresyl sulfate in the placebo subgroup
at baseline and after 40 weeks.
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Fig. 18 Mean value and 95% confidence interval of serum p- cresyl sulfate in the placebo
subgroup and that of patients with CKD stage 1V-V before synbiotic supplementation .
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Fig. 19 Mean value and 95% confidence interval of serum p- cresyl sulfate in the placebo
subgroup and that of patients with CKD stage V-V after synbiotic supplementation .
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Fig. 20 Line diagram of the mean value of serum p- cresyl sulfate in the placebo subgroup and

that of patients with CKD stage V-V before and after 40 weeks of synbiotic supplementation .
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3.3 Investigation of eGFR values in the placebo subgroup and in patients with CKD stage I\V—

V before and after synbiotic intake.

The analysis of the obtained results showed a deterioration of kidney function in both
subgroups, with statistical significance reached in the placebo subgroup.

In the subgroup of patients undergoing synbiotic supplementation, a non-significant decrease
in eGFR values was observed — respectively 16.46+6.19 ml/min before and 15.61+6.74
ml/min after intake (p=0.258, Paired Samples t-Test) (Table 11, Fig. 21).

In contrast, the placebo subgroup recorded a statistically significant decline in eGFR —
respectively 16.34+5.28 ml/min at the beginning and 15.04+5.83 ml/min at the end of the
study (p<0.001, Paired Samples t-Test) (Table 11, Fig. 22).

To analyze the changes in eGFR between the individual subgroups in the study, we used the
Independent Samples t-Test, and the comparison of the baseline values between patients and
placebo showed no significant difference (p=0.928) (Table 11, Fig. 23).

Comparing the obtained results at the end of the study, we also did not establish a significant
difference in the values of the parameter between the two subgroups (p=0.503) (Table 11,
Figs. 24 and 25).
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Fig. 21 Mean value and 95% confidence interval of eGFR in the subgroup of patients with

CKD stage V-V before and after synbiotic supplementation .
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Fig. 22 Mean and 95% confidence interval of eGFR in the placebo subgroup at baseline and

after 40 weeks.
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Fig. 23 Mean value and 95% confidence interval of eGFR in the placebo subgroup and that of

patients with CKD stage 1VV-V before synbiotic supplementation .
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Fig. 24 Mean value and 95% confidence interval of eGFR in the placebo subgroup and that of

patients with CKD stage 1VV-V after synbiotic supplementation .
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Fig. 25 Line diagram of the mean eGFR in the placebo subgroup and that of patients with CKD

stage 1V-V before and after 40 weeks of synbiotic supplementation .

eGFR ml/min
17

16.5
16

155

eGFR ml/min

15
14.5

14
cenm. 1 ceaM. 40

=@ [JA[IUCHTH mane6o

The involvement of gut dysbiosis in the progression of CKD has led to the hypothesis that
therapeutic modulation of the intestinal microbiota and restoration of the synbiotic state could
influence and slow the development of the uremic syndrome.

For this reason, some researchers have included in their studies the changes that occur in the
glomerular filtration rate following the intake of gut microbiome modulators. In 2018, Pisano
et al. published a systematic review comprising a total of seventeen studies, six of which were
included in a meta-analysis evaluating the effect of biotic supplementation on eGFR values,
calculated using formulas for creatinine clearance.

A total of 345 patients with CKD stages 11-V, not undergoing RRT, were included, who
received prebiotic, probiotic, or synbiotic supplements for a duration ranging from four to
twenty-four weeks.

The conclusion made by the authors was that biotic supplementation does not lead to a
significant improvement in renal function compared to control groups.

Stratification of the study according to different parameters, such as CKD stage, type of
supplementation, or study design, also did not alter the overall findings.

In the aforementioned review by McFarlane et al., a meta-analysis was performed on three
studies evaluating the effect of biotic supplements on eGFR, and here too, the authors did not
find a significant difference in eGFR values compared to the controls.

Also in 2018, Firouzi et al. systematized a total of thirteen studies, six of which analyzed the
effect of different modulators of the intestinal microbiota on eGFR in patients at various
stages of CKD, who received pro-, pre-, or synbiotic supplements for one to twenty-four
weeks.
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The meta-analysis performed established a non-significant reduction in eGFR in the
supplemented group. The systematic review by Wang H. et al. was published in 2021 and
includes seven randomized clinical trials (456 participants), which involved only patients with
diabetic nephropathy at different stages of CKD.

The authors conducted a meta-analysis of four of these studies, in which the effect of
probiotic supplementation on eGFR values was assessed over a period of eight to twelve
weeks, and reported an improvement in renal function in these patients.

In the already discussed overview by Liu J. et al., a meta-analysis was conducted on thirteen
studies with patients at various stages of CKD, including those undergoing hemodialysis
treatment, in which the effect of pro-, pre-, and synbiotic supplementation on eGFR was
examined.

The conclusion reached by the authors was that the intake of biotic supplements does not alter
eGFR values.

In 2022, a systematic review by Paul et al. was published, including a total of sixteen studies
(903 participants) in patients with diabetic nephropathy and CKD stages 11-V.

A meta-analysis was conducted on seven of them, which tracked the effect of both probiotic
and prebiotic intake on eGFR.

In two of the included studies, a significant increase in eGFR was registered, and in two
others, although non-significant, an increase in values was also observed.

In conclusion, the authors confirm the findings of Wang H. regarding the beneficial effect of
biotic supplementation on renal function in patients with diabetic nephropathy.

Four studies evaluating the effect of biotic supplements on eGFR values are included in the
systematic review by Liu et al. from 2024.

The meta-analysis they conducted did not find a significant difference between supplemented
patients and those on placebo.

One of the studies included in this review is SYNERGY II, which deserves special attention.
This is the first published study that tracked changes in eGFR following long-term synbiotic
intake (12 months) in patients with CKD stages 111-V who were not undergoing HD
treatment.

It is also the only study to date that established a significant decrease in eGFR and an increase
in serum creatinine after synbiotic supplementation compared to placebo.

Most of the findings are limited by risk of bias, inaccuracies, and high heterogeneity, and in
their conclusions, the authors highlight the need for further studies due to the prevailing
contradictory results thus far. Our study is the second after SYNERGY Il to analyze changes
in eGFR in patients with CKD stages 1V-V following long-term synbiotic supplementation.
The results we obtained in the subgroup of patients who received synbiotics showed a non-
significant deterioration in renal function (eGFR — from 16.46+6.19 ml/min to 15.61+6.74
ml/min) compared to the placebo subgroup, in which a statistically significant decrease in
eGFR values was found at the end of the study (from 16.34+5.28 ml/min to 15.04+5.83
ml/min).
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Our study confirms the results of most publications to date regarding the likely minimal or no
influence of synbiotics on eGFR values in patients with advanced renal failure.

We consider it appropriate to conduct a similar study in patients with early stages of CKD, in
whom histopathological changes are not yet so advanced and biotic modulation of the gut
microbiome may significantly improve renal function.

Undoubtedly, the data suggesting a beneficial effect of biotic supplementation on renal
function in patients with diabetic nephropathy are of interest and require further studies in this
area.

We did not perform additional stratification and analysis of the results due to the small
number of patients with this diagnosis included in our study. In the systematic reviews with
meta-analyses already discussed under Objective 2, several studies were also included that
assessed the effect of biotic supplementation on serum levels of IS and p-CS in non-dialysis
CKD patient groups.

The first systematic review to include eight such studies was by McFarlane et al., where only
three of them examined para-cresyl sulfate and indoxyl sulfate either together or as separate
markers.

In two of the studies, patients received synbiotic supplementation (for 4 and 6 weeks), and in
one — prebiotic supplementation (for 4 weeks).

The authors did not find significant changes in the levels of the two uremic toxins after
supplementation, noting the insufficient representativeness of the sample. In 2021, a
systematic review by Takkavatakarn et al. was published, including a total of thirty-eight
studies, twelve of which involved patients with chronic kidney disease not undergoing renal
replacement therapy.

All assessed the effect of biotic supplements, AST-120, and low-protein diet on serum levels
of IS and/or p-CS.

The supplementation duration in the non-dialysis patient subgroup ranged from 30 days to 3
months.

The meta-analysis across the patient subgroups showed that the concentrations of both uremic
toxins were significantly reduced after prebiotic, synbiotic, and AST-120 intake only in the
dialysis subgroup, whereas in patients not undergoing RRT, no significant differences in
serum levels were observed compared to placebo.

As we noted in the discussion of the results from Objective 2, similar conclusions were
reported by Liu J. et al. in their systematic review, which includes a total of twenty-three
studies, only two of which evaluated the effect of biotic supplementation on serum levels of
indoxyl sulfate in CKD patients not undergoing RRT. The analysis performed by the authors
on data from the two subgroups confirmed previous findings of a more pronounced effect of
biotic supplementation in dialysis patients compared to non-dialysis CKD patients.

In the aforementioned systematic review by Liu et al., a total of twenty-one studies are
included, four of which assess the effect of biotic supplementation on serum levels of IS and
p-CS in CKD patients at various stages not undergoing RRT.

The duration of supplementation in this subgroup ranged from 30 days to 12 months.
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The conclusion drawn by the author team after conducting the meta-analysis is that the intake
of pro-, pre-, or synbiotics does not significantly reduce the levels of the two uremic toxins.

The aforementioned SYNERGY I study is the only one to date that tracked changes in serum
concentrations of IS and p-CS after long-term synbiotic supplementation in CKD patients (12
months).

Unlike the first SYNERGY study, in which the authors registered a significant reduction in p-
CS after six weeks of synbiotic intake, SYNERGY Il did not establish a similar effect
following longer supplementation.

It should be noted that the researchers used different prebiotic components during the two
trials, and a limitation was the small number of participants (total n=68, synbiotic group n=35,
placebo n=33).

Regarding the changes in serum levels of indoxyl sulfate and para-cresyl sulfate in patients
with CKD stages IV-V, we observed a significant decrease in serum IS concentrations in the
patient subgroup (from 135.92+39.76 ng/mL to 113.12+39.52 ng/mL) after 40 weeks of
synbiotic supplementation compared to the placebo group, in which we recorded a slight,
non-significant increase by the end of the study (from 120.70+20.61 ng/mL to 124.65+19.70
ng/mL).

The analysis of changes in p-CS values after synbiotic intake in this subgroup showed a
statistically non-significant decrease in serum toxin levels after 40 weeks (from 15.75+11.22
pg/mL to 15.12+10.55 pg/mL), compared to the placebo subgroup, where we found a non-
significant increase in concentrations (from 14.80+£10.64 pg/mL to 15.13+10.45 pg/mL) after
completion of the study.

Our results are similar to most of those published to date, which show an uncertain and
heterogeneous effect of biotic modulation of the intestinal microbiota on serum levels of
protein-bound uremic toxins (indoxyl sulfate and para-cresyl sulfate) in non-dialysis patients
with CKD stages 1V-V, in contrast to their effect in patients undergoing hemodialysis
treatment.

The lack of statistically significant reduction in p-CS values in patients with CKD stages 1V—
V may be partly attributed to the longer duration of supplementation in this subgroup and,
accordingly, the higher risk of poor compliance among patients.

Unfortunately, we cannot confirm the mechanisms of these divergent effects, since we did not
perform a quantitative analysis of the changes in the intestinal microbiota before and after
synbiotic supplementation.

In conclusion, we may note that according to our study, synbiotic modulation of the gut
microbiota in CKD patients has a more pronounced effect in those undergoing hemodialysis
treatment following a shorter supplementation period, compared to long-term intake in
patients with advanced renal failure who have not yet started RRT.
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Results for task 4: To examine serum levels of interleukin-6 (IL-6) and malondialdehyde
(MDA) in patients with CKD stages V-V, including those undergoing hemodialysis, and

compare them with values in the control group.

4.1 Investigation of IL-6 levels in patients undergoing hemodialysis treatment before

and after eight weeks of synbiotic supplementation and in the control group.

In the comparison of serum IL-6 levels between patients undergoing hemodialysis treatment
before synbiotic supplementation and the controls, using the Mann—Whitney U test, a
significant difference was observed between the two groups — respectively 13.84+2.02 pg/mL
in the patients versus 10.98+2.67 pg/mL in the control group (p<0.001) (Table 10, Fig. 26).
The same Mann—Whitney U test was applied in the analysis of serum IL-6 levels after synbiotic
intake and the control group. A lower level of the marker was recorded in the patient subgroup
— 9.14+1.67 pg/mL compared to the control group — 10.98+2.67 pg/mL, which reached
statistical significance (p<0.001) (Table 10, Fig. 27).

Fig. 26 Mean value and 95% confidence interval of serum IL-6 in the subgroup of patients

undergoing dialysis treatment before supplementation with synbiotic and the control group.
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Fig. 27 Mean value and 95% confidence interval of serum IL-6 in the subgroup of dialysis

patients after taking synbiotic and the control group.
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4.2 Investigation of serum interleukin-6 levels in the placebo subgroup, in patients with

CKD stages 1VV-V before and after synbiotic intake, and in the control group

Statistical analysis of IL-6 levels between the placebo subgroup, the patients before synbiotic
supplementation, and healthy controls was performed using the Mann—Whitney U test.
We observed a statistically significant difference in serum IL-6 levels — respectively
17.07+13.56 pg/mL in the subgroup of patients supplemented with synbiotic, 18.33+8.23
pg/mL in the placebo subgroup, compared to the values in the healthy controls — 10.98+2.67
pg/mL (p<0.001) (Table 14, Fig. 28).
When comparing the values between the control group and IL-6 levels after synbiotic
supplementation in the patient subgroup — 12.42+13.56 pg/mL, as well as in the placebo
subgroup after 40 weeks — 17.38+11.70 pg/mL, a significant difference in serum IL-6
concentrations was also observed (p=0.005; p<0.001, Mann—Whitney U Test) (Table 14, Figs.
29 and 30).
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Fig. 28 Mean value and 95% confidence interval of serum interleukin-6 in the subgroups of

patients with CKD stage 1V-V and placebo before taking the synbiotic and the control group.
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Fig. 29 Mean value and 95% confidence interval of serum interleukin-6 in the subgroup of

patients with CKD stage 1VV-V after taking the synbiotic and the control group.
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Fig. 30 Mean value and 95% confidence interval of serum interleukin-6 in the control group
and placebo subgroup after 40 weeks.
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4.3 Investigation of malondialdehyde levels in patients undergoing hemodialysis

treatment before and after eight weeks of synbiotic supplementation and in the control

roup.

In the analysis of changes in serum MDA levels between the subgroup of dialysis patients
before synbiotic supplementation and the controls, using the Mann—-Whitney U test, a
statistically significant difference was recorded between the two groups — respectively
1430.33+583.42 pg/mL in the patients versus 970.37+489.64 pg/mL in the control group
(p=0.003) (Table 8, Fig. 31).

The same Mann—Whitney U test was applied for comparison of serum MDA levels after
synbiotic intake and the control group. The MDA level in the control group — 970.37+489.64
pg/mL remained significantly lower compared to the patient subgroup — 1003.47+518.37
pg/mL (p=0.003) (Table 8, Fig. 32).
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Fig. 31 Mean value and 95% confidence interval of serum MDA in the subgroup of patients

undergoing dialysis treatment before taking the synbiotic and the control group.
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Fig. 32 Mean value and 95% confidence interval of serum MDA in the subgroup of dialysis

patients, after taking the synbiotic and the control group.
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4.4 Investigation of serum malondialdehyde levels in the placebo subgroup, in patients

with CKD stages 1\VV—V before and after synbiotic intake, and in the control group

We used the Mann—Whitney U test to compare serum MDA levels between the placebo
subgroup, the patients before synbiotic supplementation, and healthy controls.

We recorded a significant difference in serum MDA levels — respectively 1712.14+721.30
pg/mL in the subgroup of patients supplemented with synbiotic, 1765.90£743.03 pg/mL in
the placebo subgroup, compared to the values in healthy controls — 970.37+£489.64 pg/mL
(p<0.001) (Table 15, Fig. 33).

When comparing the values between the control group and those after synbiotic
supplementation in the patient subgroup — 1654.13+743.03 pg/mL, as well as in the placebo
subgroup after 40 weeks — 1768.18+642.66 pg/mL, a significant difference in serum MDA
concentrations was again found (p<0.001, Mann—Whitney U Test) (Table 15, Fig. 34).

Fig. 33 Mean value and 95% confidence interval of serum malondialdehyde in the subgroups

of patients with CKD stage 1VV-V and placebo before taking the synbiotic and the control group.
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Fig. 34 Mean value and 95% confidence interval of serum malondialdehyde in the subgroups
of patients with CKD stage 1VV-V and placebo after taking the synbiotic and the control group.
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Results of task 5: To explore the possibility of modulating serum levels of IL-6 and MDA in
patients with CKD stages 1VV-V, including those undergoing hemodialysis, following synbiotic

supplementation.

5.1 Investigation of IL-6 levels in patients undergoing hemodialysis treatment before and after

eight weeks of synbiotic supplementation

For the comparison of serum concentrations of the proinflammatory cytokine before and after
synbiotic supplementation in the subgroup of patients undergoing hemodialysis, we used the
Paired Samples t-Test.

At the end of the study, a significant reduction in serum IL-6 levels was observed — 9.14+1.67
pg/mL compared to its levels before synbiotic intake — 13.84+2.02 pg/mL (p<0.001) (Table
10, Fig. 35).
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Fig. 35 Mean value and 95% confidence interval of serum IL-6 in patients on hemodialysis

treatment before and after taking a synbiotic .
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5.2 Investigation of serum interleukin-6 levels in the placebo subgroup and in patients
with CKD stages 1V—V before and after synbiotic intake

Statistical analysis of the obtained results before and after 40 weeks of supplementation in the
patient subgroup was conducted using the Paired Samples t-Test.

We found a non-significant decrease in serum levels of the proinflammatory cytokine —
respectively 17.07+13.56 pg/mL before and 12.42+13.56 pg/mL after intake (p=0.370) (Table
14, Fig. 36).

In the placebo subgroup, a statistically non-significant decrease in serum IL-6 concentrations
was also recorded — respectively 18.33+8.23 pg/mL at the beginning and 17.38+11.70 pg/mL
at the end of the study (p=0.821, Paired Samples t-Test) (Table 14, Fig. 37).

We used the Independent Samples t-Test to compare the obtained results between the
subgroups in the study, and the analysis of baseline IL-6 levels between the patient and
placebo groups did not show a statistically significant difference (p=0.579) (Table 12, Fig.
38).

No statistically significant difference was found in serum IL-6 levels between the two
subgroups after 40 weeks either (p=0.306) (Table 12, Figs. 39 and 40).
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Fig. 36 Mean value and 95% confidence interval of serum interleukin-6 in the subgroup of
patients with CKD stage 1VV-V before and after synbiotic supplementation .
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Fig. 37 Mean and 95% confidence interval of serum interleukin-6 in the placebo subgroup at
the start of the study and after 40 weeks.

p=0.821

30

25
N
2 13
E 10

5

0

B mranedo opeau cymwieverTamus M mrane6o cnen CYIDIEMeHTAITHT

58



Fig. 38 Mean and 95% confidence interval of serum interleukin-6 in the placebo subgroup and
that of patients with CKD stage 1VV-V before synbiotic supplementation.
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Fig. 39 Mean and 95% confidence interval of serum interleukin-6 in the placebo subgroup and
that of patients with CKD stage V-V after synbiotic supplementation .
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Fig. 40 Line diagram of the mean value of serum interleukin-6 in the placebo subgroup and

that of patients with CKD stage V-V before and after 40 weeks of synbiotic supplementation .
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5.3 Investigation of malondialdehyde levels in patients undergoing hemodialysis

treatment before and after eight weeks of synbiotic supplementation

For the comparison of serum MDA levels in the subgroup of dialysis patients before and after
synbiotic supplementation, we used the Paired Samples t-Test.

The decrease in MDA levels after synbiotic intake — 1003.47+518.37 pg/mL reached
statistical significance compared to the serum concentration before supplementation —
1430.33+583.42 pg/mL (p<0.001) (Table 8, Fig. 41).

Fig. 41 Mean value and 95% confidence interval of serum MDA in the subgroup of patients

undergoing hemodialysis treatment before and after taking the synbiotic .
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5.4 Investigation of serum malondialdehyde levels in the placebo subgroup and in patients

with CKD stages 1\VV=V before and after synbiotic intake

For the statistical analysis of the results obtained at the beginning and end of the study in
the patient subgroup, we used the Paired Samples t-Test.

We observed a statistically non-significant decrease in serum levels of the oxidative stress
marker — respectively 1712.14+721.30 pg/mL before and 1654.13+743.03 pg/mL after
intake (p=0.833) (Table 15, Fig. 42).

The results in the placebo subgroup showed a statistically non-significant increase in
serum MDA concentrations — respectively 1765.90+691.49 pg/mL baseline and
1768.18+642.66 pg/mL at the end (p=0.941, Paired Samples t-Test) (Table 15, Fig. 43).
To compare the obtained data between the subgroups in the study, we applied the
Independent Samples t-Test. The comparison of baseline MDA levels between the patient
and placebo groups showed no statistically significant difference (p=0.750) (Table 15,
Fig. 43).

The final results also did not show a significant difference in serum levels between the
two subgroups (p=0.648) (Table 12, Figs. 44 and 45).

Fig. 42 Mean value and 95% confidence interval of serum malondialdehyde in the subgroup of

patients with CKD stage 1VV-V before and after synbiotic supplementation .
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Fig. 43 Mean and 95% confidence interval of serum malondialdehyde in the placebo subgroup

at baseline and after 40 weeks.
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Fig. 44 Mean and 95% confidence interval of serum malondialdehyde in the placebo subgroup

and that of patients with CKD stage IV-V before synbiotic supplementation .
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Fig. 45 Mean and 95% confidence interval of serum malondialdehyde in the placebo subgroup

and that of patients with CKD stage IV-V after synbiotic supplementation.
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Fig. 46 Line diagram of the mean value of serum malondialdehyde in the placebo subgroup and

that of patients with CKD stage IV-V before and after 40 weeks of synbiotic supplementation .
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In addition to analyzing the effects of pro-, pre-, and synbiotic supplements on serum
concentrations of uremic toxins in CKD, most authors also evaluate their impact on the levels
of certain markers of inflammation and oxidative stress, including IL-6 and MDA.

Among all pro-inflammatory cytokines, IL-6 appears to be the best predictor of
cardiovascular risk and all-cause mortality in CKD.

Malondialdehyde (MDA\) is a degradation product formed in a chain of reactions leading to
the oxidation of polyunsaturated fatty acids (e.g., linolenic acid), and is therefore a useful
indicator for assessing oxidative damage.

Increased pro-oxidant activity during CKD progression leads to a progressive rise in serum

MDA levels, which is considered a reliable biomarker of oxidative stress in renal failure.

In 2018, the first systematic reviews were published, albeit with a limited number of studies,
evaluating the effects of biotic supplements on serum levels of inflammatory and oxidative
stress markers in CKD.

In their meta-analysis, Jia L. et al. summarized the results of probiotic intake on various
inflammatory parameters in patients with CKD stages I11-V.

Three studies (134 participants) assessed changes in serum IL-6 levels, two of which included
dialysis patients.

The conclusion reached by the author team was that probiotic intake in CKD patients leads to

an increase in IL-6.

Lopes et al. systematized a total of 10 studies in CKD patients, four of which involved those
receiving RRT.
One study analyzed the effect on serum concentrations of IL-6 and MDA, reporting a

reduction in their levels after prebiotic supplementation.

In 2020, Zheng et al. published a systematic review including 13 studies with 671 patients at
various stages of CKD.

The authors evaluated the effects of biotic supplements on markers of inflammation (CRP)
and oxidative stress (MDA).

The meta-analysis of 6 studies (390 participants) on changes in serum MDA levels showed a
significant decrease after pre-, pro-, and synbiotic intake.

A similar trend was observed for serum CRP concentrations.

Subgroup analyses revealed interesting associations — a significant reduction in MDA was
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recorded only with longer supplementation (over 12 weeks), as well as in patients with lower
BMI (under 26 kg/m?).

Liu T. et al. summarized 16 studies (605 participants) concerning the effects of pro-, pre-, and
synbiotic supplements on serum levels of pro-inflammatory cytokines in patients with CKD
stages I11-V.

Six of these studies examined IL-6, and the results of the meta-analysis showed a significant
decrease only after prebiotic supplementation, with non-significant changes following

probiotic and synbiotic intake.

In the already discussed systematic review by Nguyen et al., in addition to the effects of biotic
supplements on serum levels of IS and p-CS, their action on IL-6 and MDA in dialysis
patients was also evaluated.

The meta-analysis of twelve studies involving IL-6 and seven involving MDA demonstrated a
significant reduction in the levels of both biomarkers in dialysis patients after

supplementation.

Similar results were found in the meta-analysis by Liu J. et al., which included four studies on
the effects of pre-, pro-, and synbiotics on serum MDA levels, and seven studies assessing the
effect on IL-6 in patients undergoing hemodialysis treatment.

The authors concluded that biotic supplementation significantly reduces the levels of both
parameters. In the reviewed systematic analysis by Yu Z. et al., the authors confirmed the
benefits of biotic supplementation on serum concentrations of IL-6 and MDA in patients on
hemodialysis.

They also conducted a subgroup analysis regarding the effects of the individual supplement
types — pre-, pro-, and synbiotics.

Their conclusion was that prebiotics and synbiotics are the most effective in reducing MDA,

while IL-6 levels decrease most significantly following prebiotic intake.

Regarding the IL-6 data obtained in our study, a statistically significant difference was found
in the baseline serum levels of the marker between the hemodialysis subgroup (13.84+2.02
pg/mL) and the control group (10.98+2.67 pg/mL).

After eight weeks of synbiotic supplementation, the levels of the proinflammatory cytokine
dropped to 9.14+1.67 pg/mL, significantly lower than both the baseline values and those of

the control group.
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The serum concentrations of IL-6 in both subgroups — patients with CKD stages IV-V
(17.07+13.56 pg/mL) and placebo (18.33+8.23 pg/mL) — were also significantly higher at the
beginning of the study compared to the control group.

After 40 weeks of synbiotic supplementation, we recorded a non-significant reduction in the
levels of the inflammatory marker in the CKD patient subgroup to 12.42+13.56 pg/mL
compared to baseline values.

The final IL-6 values in the placebo subgroup (17.38+11.70 pg/mL) remained close to those

at baseline, with no significant difference between them.

Concerning our results for malondialdehyde, we note that the baseline oxidative stress marker
levels in the hemodialysis subgroup (1430.33+583.42 pg/mL) were significantly higher
compared to the control group (970.37+489.64 pg/mL).

Following synbiotic supplementation, a decrease in MDA levels was observed
(1003.47+£518.37 pg/mL), which reached statistical significance compared to the baseline

values in the patients.

In the other arm of the study, we recorded significantly elevated initial serum concentrations
of the marker in both subgroups — CKD stage 1V-V patients (1712.14+721.30 pg/mL) and
placebo (1765.90+743.03 pg/mL) — compared to the control group.

After 40 weeks of synbiotic supplementation, we found a non-significant decrease in MDA
levels (1654.13+743.03 pg/mL) in the patient subgroup, while serum levels in the placebo
group showed a slight, non-significant increase to 1768.18+642.66 pg/mL by the end of the
study.

We were unable to identify any other study in which MDA and IL-6 levels were evaluated in
CKD stage IV-V patients following long-term (over 6 months) synbiotic supplementation.
In summary, similar to the results we obtained in the study of uremic toxins, the effect of
synbiotic supplementation on markers of inflammation and oxidative stress was more
pronounced in patients undergoing dialysis treatment, where we found a statistically

significant reduction in the concentrations of both parameters.

Nevertheless, in the subgroup of CKD stage 1\V-V patients, we also recorded a non-
significant reduction in IL-6 and MDA levels compared to placebo.

In conclusion, the data from our study are consistent with most of the literature published to
date, supporting the notion that biotic modulation of the gut microbiota in patients with CKD

stages V-V, including those on hemodialysis, appears to exert a lowering effect on serum
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levels of IL-6 and MDA.

This is likely associated with improvement in CKD-related complications such as low-grade
chronic inflammation and oxidative stress.

Further multicenter randomized clinical trials are needed to clarify future therapeutic
strategies, standardize the type and composition of biotic supplements, determine optimal
frequency and duration of supplementation, and establish their long-term effects in patients

with CKD.
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V. CONCLUSIONS

1. The baseline levels of indoxyl sulfate, para-cresyl sulfate, IL-6, and MDA in patients
with CKD stages 1V-V, including those undergoing hemodialysis, were significantly
higher than those of the controls.

2. A statistically significant reduction in serum levels of indoxyl sulfate and para-cresyl
sulfate was observed in patients undergoing hemodialysis after eight weeks of
synbiotic supplementation.

3. Asignificant decrease in serum concentrations of indoxyl sulfate and a non-significant
reduction in para-cresyl sulfate were recorded in CKD stage IV-V patients after 40

weeks of synbiotic supplementation compared to the placebo subgroup.

4. No improvement in renal function, as measured by eGFR values, was observed in the
CKD stage V-V patient subgroup after 40 weeks of synbiotic supplementation in

comparison to the placebo subgroup.

5. A statistically significant decrease in serum levels of IL-6 and MDA was established
in patients undergoing hemodialysis following eight weeks of synbiotic

supplementation.

6. A non-significant reduction in serum concentrations of IL-6 and MDA was found in
the CKD stage I\V-V patient subgroup after 40 weeks of synbiotic supplementation

compared to the placebo.

7. No significant adverse effects were reported following either short-term (8 weeks)
supplementation in hemodialysis patients or long-term (40 weeks) synbiotic intake in
patients with CKD stages IV-V.
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VI. CONTRIBUTIONS
Theoretical and Scientific Contributions

1. For the first time in Bulgaria, serum levels of indoxyl sulfate and para-cresyl sulfate
were investigated in patients with CKD stages V-V, including those undergoing
hemodialysis treatment.

2. For the first time in Bulgaria, serum concentrations of indoxyl sulfate, para-cresyl
sulfate, IL-6, and MDA were examined in patients with CKD stages 1V-V before
and after synbiotic supplementation.

3. For the first time in Bulgaria, the effect of 40-week synbiotic supplementation on
eGFR values in patients with CKD stages V-V was evaluated in comparison to
placebo.

4. The effect of synbiotic supplementation on IL-6 and MDA levels in CKD stage 1V—
V patients over a 40-week period, compared to placebo, was assessed for the first

time in Bulgaria.

Applied Scientific Contributions

1. For the first time in Bulgaria, the potential of serum indoxyl sulfate and para-cresyl
sulfate levels to serve as biochemical markers for gut dysbiosis in patients with CKD
stages IV-V was evaluated.

2. The potential for modulation of serum concentrations of IS, p-CS, IL-6, and MDA
through synbiotic supplementation in CKD stage IV-V patients was studied for the
first time in Bulgaria.

3. The clinical significance of 40-week synbiotic supplementation on renal function
(measured via eGFR) in patients with CKD stages I\V-V was analyzed for the first
time in Bulgaria.

4. The safety of long-term (40 weeks) synbiotic supplementation in patients with CKD

stages 1V-V was evaluated for the first time in Bulgaria.
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