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Introduction
Chronic kidney disease (CKD) is the gradual inability to 

eliminate bodily waste when the kidneys cease to function. 

Another factor influencing CKD progression is the presence 

of uremic toxins in the microbiome. The uremic toxins that 

are of significance in cardiovascular diseases among CKD 

patients are PCS and IS. These toxins have been linked to 

gut microbiome disturbance, systemic absorption, vascular 

inflammation, oxidative stress, and endothelial dysfunction, 

which are primary processes contributing to cardiovascular 

damage [1, 4]. The substantial quantity of research regarding 

the correlation between uremic retention of intestinal toxins 

and cardiovascular disease in individuals with CKD has yet 

to be sustained [8]. These toxins have been de monstrated to 

exacerbate cardiovascular disease by influencing risk factors 

such as arterial stiffness, hypertension, and athero sclerosis. 

It is posited that the sequestration of uremic toxins accele-

rates the progression of cardiovascular injury and the over-
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all cardiovascular burden in patients with CKD [21]. They 

must identify a biomarker in the initial phase of this pro-

cess, elucidate the biology of cardiovascular damage caused 

by these toxins, and develop a suitable strategy to treat and 

alleviate the cardiovascular load in patients with CKD [3]. 

The focus was deliberate on indoxyl sulfate (IS) and p-cresyl 

sulfate (PCS) because these are the most stu died gut-derived 

uremic toxins with strong evidence linking them to cardio-

vascular outcomes. Other metabolites (e.g., TMAO, hippu-

ric acid) were acknowledged but excluded for scope.

More recent studies have indicated that the manage-

ment of gut-derived uremic toxins is also a significant com-

ponent of CKD treatment. Microbiome manipulation and 

other methods to change the composition of the gut micro-

biota are possible solutions to the issue of gut-derived ure-

mic toxins. Moreover, uremic toxin removal interventions, 

including hemodialysis, have been shown to lower the levels 

of uremic toxins in the blood, thus lowering the cardiovas-
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cular risk and burden of CKD. These methods would be in-

corporated into CKD treatment to help reduce the risk of 

cardiovascular disease [5].

Although this is our hope, a significant amount of work 

remains to be done to obtain a comprehensive understand-

ing of the gut-kidney-cardiovascular nexus in the context of 

chronic diseases, such as CKD [7]. The role of gut-based 

uremic toxins in cardiovascular disease is one of the least 

studied areas of research. Moreover, the variances in the 

concentrations of toxins in patients with CKD make things 

more complicated [24]. It must also begin to appreciate the 

cardiovascular impact of individual toxins better [9]. Ad-

ditional efforts to narrow down the reasonable methods for 

managing the effective therapeutic uremic toxin concentra-

tion would also be highly beneficial. This may provide CKD 

patients with an opportunity to experience positive systemic 

clinical and patient-reported quality of life outcomes [23]. 

Hence, the future of new therapeutic and diagnostic tools 

will be invaluable in this regard. Therefore, CKD clinical 

guidelines would outline an emphasis on the impact of CKD 

on patient well-being, emphasizing its cardiovascular risk 

complexity [10, 25].

Key contributions:
1. The indoxyl sulfate and p-cresyl sulfate types of gut-

derived uremic toxins are underscored in this study as con-

tributing to the extracardiac complications of patients with 

chronic kidney disease.

2. There was a strong correlation between increased le-

vels of these toxins and worsening cardiovascular risk fac-

tors, including deteriorating arterial stiffness, hypertension, 

and negative changes in the blood lipids, which help high-

light the toxins’ cardiovascular toxic effects.

3. In this case, the patients suffering from chronic kid-

ney disease and the uremic toxins, especially those suffering 

from uremic toxin syndrome, cardiovascular incidents were 

proven to be the dominant factor, which further showed that 

these unhealthy toxins were high contributors to disease 

progression.

4. This is the first research to show that manipulation of 

the microbiome, and the techniques of the removal of such 

toxins, might be able to lower the high cardiovascular risk 

factors which are becoming more and more common in pa-

tients suffering from chronic kidney disease, and this opens 

the doors for new lines of treatment.

This paper is designed to investigate the relationship 

between gut-developed uremic toxins, in particular indoxyl 

and p-cresyl sulfate, and cardiovascular events in patients 

with chronic kidney disease. Section 2 reviews the available 

literature to draw up the profile of cardiovascular patholo-

gies for which these toxins can be held responsible. Method 

3.1 estimating the link between toxins and CVD risk factors 

in CKD section discusses the technique used to estimate the 

association between the toxins and CVD risk factors within 

CKD patients. The results and implications on the relation 

between the level of toxins and increasing cardiovascular 

risk are further discussed in section 4. This includes factors 

that can be modulated therapeutically, such as the removal 

of toxins in the gut, which influence the microbiome. Sec-

tion 5 gives final recommendations regarding the necessity 

of better-designed research in the field of patient care, es-

pecially concerning the more complex matters of cardiovas-

cular disease.

Literature survey
One of the leading causes of cardiovascular disease 

(CVD) in people with CKD is the production of toxins in 

the gut [6]. The role of gut microbial metabolites, indoxyl 

and p-cresyl sulphates, has been established. After making it 

past the intestinal wall and into the bloodstream, they trig-

ger the inflammatory and oxidative stress responses that ul-

timately lead to heart problems. Research on these uremic 

toxins has been conducted on individuals with chronic renal 

disease [22]. Because of endothelial dysfunction and athero-

sclerosis, they may hasten the beginning of CVD [11]. Be-

cause their buildup worsens the prognosis of chronic renal 

disease patients, they are of special interest to researchers 

in the cardiology sector. To develop new medical diagnos-

tics and treatments, comprehensive research is required to 

investigate the impact of these toxins on the cardiovascular 

system in chronic renal disease [12, 13]. The production of 

indoxyl sulfate and p-cresyl sulfate is closely linked to the 

composition of the gut microbiota. Dysbiosis, characte rized 

by the overgrowth of proteolytic bacteria, enhances the gen-

eration of these toxins, which subsequently accumulate in 

the circulation. Several studies demonstrate that microbi-

ome-targeted therapies, including probiotics, prebio tics, 

and synbiotics, can reduce toxin levels and improve cardio-

vascular outcomes. This highlights the central role of mi-

crobiota composition in toxin production and disease prog-

ression.

Over the years, several therapeutic approaches have been 

undertaken with an emphasis on modulation of the gut mi-

crobiome to reduce gut-derived uremic toxins. Patients with 

CKD have benefited from the significant reduction in the 

cardiovascular complications that uremic toxin overload can 

cause as a result of modifications in gut microbiota compo-

sition. Probiotic, prebiotic, and specific dietary approaches 

have emerged as the first-line, low-risk, non-invasive in-

terventions that can reduce the uremic toxin burden and 

its cardiovascular consequences [14]. Moreover, within the 

uremic toxin framework, there is interest in the develop-

ment of so-called step therapies that resolve the toxin tri-

age, such as dialysis techniques that selectively remove the 

toxins of predominant clinical concern, provided that such 

approaches do not induce greater overall toxicity [15]. They 

may also directly lessen the cardiovascular complications of 

CKD, broadening the therapeutic range that can be used for 

the disease. There is a growing body of clinical evidence to 

support such microbiome-based therapies for favorable car-

diovascular outcomes in CKD [16, 17].

The association between gut microbiota and uremic to-

xins, as well as cardiovascular disease in CKD, has limited 

data with several unanswered questions. However, emerg-

ing data suggest that these potential therapeutic targets 

can be effective [2]. The wide range of toxins in the CKD 

patient population makes it challenging to develop a stan-

dard therapy protocol. The exact pathway through which 

the dangerous blooms damage the cardiovascular system is 
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under investigation. The diagnostics for toxins are limited, 

and research into more specific treatment options is also re-

stricted. Understanding the gut-kidney-cardiovascular axis, 

it will be able to predict that the capable of more effectively 

treating CKD and the cardio-renal manifestations in the 

future due to scientific inquiry, the ability to alter clinical 

pathways, and create new treatments [18]. There is ongoing 

active research aimed at studying microbiome-based thera-

peutics and detoxification methods, which is encouraging 

improvements in patient care and outcomes [19, 20].

Materials and methods
This paper focuses on uremic gut-derived toxins as 

compared to cardiovascular disease and CKD. This study 

adopted a mixed approach, combining a systematic review 

of existing literature with a prospective observational cohort 

of 150 patients with CKD. Patient-level data were collected 

and analyzed for associations between gut-derived uremic 

toxin le vels and cardiovascular risk factors, thereby streng-

thening the clinical correlations. The accumulation of toxic 

waste, such as microbial toxins, is one of the more challeng-

ing complications of CKD. In this instance, indoxyl sulfate 

and p-cresyl sulfate are poisonous byproducts and are pro-

duced by the gut and added to the cardiovascular system, 

overburdening patients with CKD. The cardiotoxicity of 

these uremic toxins has been measured with well-designed 

studies in which the patients are prospectively enrolled (ori-

ented towards future cardiovascular events) in which events 

have been properly monitored over time and in which pro-

per plans have been used to describe the patients and their 

events; information on cardiovascular events has been 

gathe red with adjudication of the data. It is so far to the 

best of our knowledge, the first study to present this story 

as far as determine it, with the mediators of cardiovascular 

and management over the uremic toxins. The observed pe-

riod is 12 months being, this time, sufficient to offset the 

association (or the lack thereof) and the other confounding 

factors where the cardiovascular system uremic events are 

controlled. The aim of the study is to give deeper explana-

tions regarding the dose of uremic cardiovascular event and 

CKD and to find superior therapies with regard to the indi-

vidual patient who is carrying the high cardiovascular sys-

temic disease.

Study population
People with chronic kidney disease that are 18 years or 

older and in stage 1 to stage 5 will be the focus of the study 

and will be recruited from different healthcare facilities. 

The inclusion criteria of the study will be confirmed CKD 

whereas the exclusion criteria will include acute kidney 

injury, people that are currently on dialysis or have under-

gone a kidney transplant. Examination will be carried out 

over the course of 12 months, with the first, second, and 

last evaluations taking place at the beginning, 6 months, 

and 12 months respectively. This study will focus on the im-

pact of gut-derived uremic toxins on cardiovascular events 

in the population during the course of the 12 months. To 

ensure demographic data, (age, gender, comorbidity, and, of 

course, the stage of CKD) will be collected during the study 

so that the data variables can be analyzed properly which 

will be done seamlessly and with the highest accuracy.

Assessment of gut-derived uremic toxins
The gut produces two principal uremic toxins, indoxyl 

sulfate and p cresyl sulfate, which are the focus of the formal 

study. These poisons will be measured using HPLC and mass 

spectrometry. At the start of the trial and every three months 

throughout the twelve-month period, patients will have their 

blood and urine sampled. Toxin concentrations will be cor-

related with the cardiovascular markers which include blood 

pressure, stiffness of arteries and the lipid profile. The study 

will explain the role of the composition of the microbiome 

in the production of these uremic toxins from gut microbi-

ome. It will examine the production and or changes to the 

gut microbiome that might influence associated changes 

to the levels of these uremic toxins. The study anticipates 

that by controlling or altering the parameters of the uremic 

toxins and the cardiovascular parameters over time, it will 

be able to pronounce the relationship of the derived uremic 

toxins from the gut and the cardiovascular disease that ac-

company chronic kidney disease in the patients.

Cardiovascular event monitoring
Detailed definitions of particular cardiovascular events, 

such as myocardial infarction, stroke, and heart failure 

(where present), will also be determined during the study. 

A patient’s medical record will be evaluated for any car-

diovascular events, and standard imaging tests, such as an 

echocardiogram/ECG, will be conducted for clinical pur-

poses. The cardiovascular risk profile, which includes blood 

pressure, cholesterol levels, and arterial stiffness, will also be 

noted. “These are going to be compared to blood levels of 

gut-derived uremic toxins to determine whether there is an 

increased rate of cardiovascular events in people with high 

levels of these toxins”. These events will be monitored from 

the start of the trial until the twelve-month follow-up to see 

whether any acceptable conclusions can be drawn about the 

function of uremic toxins on the cardiovascular system in 

patients with chronic renal disease. Another goal is to deter-

mine the degree of endothelial dysfunction, a key compo-

nent of cardiovascular damage in chronic renal disease, by 

measuring the current level of endothelial function.

Data analysis
Statistical methods will analyze how the levels of uremic 

toxins derived from the gut, affect the outcomes of the car-

diovascular system. Regression will estimate how cardiovas-

cular biomarkers react to changes in the uremic toxin con-

centration while age, sex, or existing conditions (diabetes, 

hypertension) will be treated as extraneous variables. For 

the sake of cardiovascular health, cardiovascular multivari-

ate analysis will be applied, while survival analysis will be ap-

plied to evaluate the specific time and conditions cardiovas-

cular outcomes (such as myocardial infarctions or strokes) 

occur. Cardiovascular outcomes and the level of uremic 

toxins will be illustrated using scatter plots and histograms 

to show the prevalence of cardiovascular risk factors, thus 

determining the existing cardiovascular burdens and obtain-
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ing the proper knowledge to aid in bypassing the danger of 

uremic toxins among CKD patients.

The rapeutic interventions
This study examines the gut-associated uremic toxins 

and the cardiovascular outcomes attending to the study 

while trying to develop strategies to minimize the level of 

toxins. Certain probiotics and prebiotics will be dosed for 

the gut having excess uremic toxins within the focus of the 

powdered dose, and the constituent dietary interventions 

also aim to minimize the intake of gut bacterial toxins pro-

moting foods. Comparing the cardiovascular health and the 

concentration of toxins before and after the intervention 

will provide evidence for which, in determining the out-

comes of cardiovascular physiology, the outcomes clearly 

illustrate the lose intervention in the treated and untreated 

groups. This study will employ the statistical approach, and 

it contributes within a framework to understand how they 

are able to advance and undue the accumulated risk to the 

cardiovascular system for cardiovascular in the population 

specifically individuals with chronic kidney diseases. This 

is suggested in the study approximation towards the goal of 

primary chronic kidney disease. Its objective is to examine 

the diet and probiotics population direct translation with 

a number of evidence in cardiovascular risk reduction and 

kidney homeostasis preservation.

Beyond conventional approaches such as dialysis and 

phosphate binders, several alternative strategies have been 

investigated. These include modulation of the gut microbi-

ome through probiotics, prebiotics, and synbiotics, dietary 

interventions aimed at reducing protein fermentation, and 

oral adsorbents that selectively bind uremic toxin precursors 

in the gut. Such approaches represent promising adjuncts to 

standard care, targeting the root of toxin generation.

Fig. 1 illustrates an overview of how gut-derived uremic 

toxins play a role in cardiovascular injury in CKD patients. 

The cycle begins with gut bacteria producing toxins, such 

as indoxyl sulfate, and p-cresyl sulfate, that leak into the 

circulation, which subsequently accumulates in the kidneys 

and heart. Fig. 1 illustrates important intermediate conse-

quences of the toxins, such as vascular inflammation, oxida-

tive stress, and endothelial dysfunction, and how those lead 

to cardiovascular injury, myocardial infarction, stroke, and 

cardiovascular diseases. In Fig. 1, arrows connect each stage 

back to the uremic toxins which shows the ways in which 

cardiovascular risk is significantly increased for patients with 

CKD and how this risk can be treated.

Results and discussion
The research included 150 patients of chronic kidney 

disease (CKD) who had boys and girls equally divided. The 

average age was 58.4 ± 12.3 years, and patients with stages 

2, 3, and 4 CKD were part of the group. The population 

also had a significant amount of comorbidities, that being 

hypertension (72 %) and diabetes (63 %). Patients had high 

concentrations of indoxyl sulfate and  p-cresyl sulfate, which 

are classified as gut bacteria-derived uremic toxins. Table 1 

presents CKD study population’s baseline characteristics 

and the distribution of study population corresponding to 

these toxins.

The cardiovascular impact of gut-derived uremic to-

xins occurs through multiple overlapping pathways. Indoxyl 

sulfate and p-cresyl sulfate induce oxidative stress and pro-

inflammatory signaling, which result in endothelial dys-

function. This dysfunction contributes to increased arterial 

stiffness, hypertension, and atherosclerotic plaque forma-

tion. The cascade of endothelial damage, inflammation, 

and vascular remodeling explains how these toxins accele-

rate cardiovascular risk in CKD patients.

There were 150 patients with CKD who were part of 

the trial. Table 1 displays their clinical and demographic 

data, including age, sex, stage of CKD, comorbidities, and 

ave rage levels of indoxyl sulphate and p-cresyl sulphate. 

To investigate the target population and to stack galaxies 

for future studies, they are the initial steps, and they are 

crucial. Arterial stiffness, blood pressure, and reduced le-

vels of indoxyl and p-cresyl sulphate — markers of cardio-

vascular risk — were connected by an astonishingly steep 

curve. To xin levels of arterial stiffness (r = 0.72, p < 0.01) 

and systolic blood pressure (r = 0.65, p < 0.01) were also 

elevated. The toxins had an inverse correlation with cho-

lesterol levels, indicating that they may also impact athe-

Figure 1. Role of gut-derived uremic toxins in accelerating cardiovascular events in chronic kidney disease
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rosclerosis and endothelial dysfunction to some extent. 

These findings point to a critical role for gut-derived ure-

mic toxins in the acceleration of cardiovascular damage in 

CKD patients. What follows is Table 2 summarizing these 

relationships.

Table 2 illustrates the association of the indoxyl sulfate 

and p-cresyl sulfate with the components of the cardio-

vascular system (including arterial stiffness, pressure, and 

cholesterol) and their respective risks with p-cresyl sulfate. 

Independent of the other risk factors, arterial stiffness and 

systolic blood pressure were positively correlated. HDL 

cholesterol had a negative correlation with the toxins which 

suggests a tainted conduit system due to indoxyl sulfate and 

p-cresyl sulfate.

The 12-month monitoring period noted that there were 

more heart attacks, strokes, and heart failures amongst the 

patients with higher levels of uremic toxins. Of the patients 

with a high concentration of indoxyl sulfate and p-cresyl 

sulfate, 35 % had a cardiovascular event versus only 15 % of 

patients with a low concentration of the toxins. This leads 

to the conclusion that the uremic toxins that were derived 

from the gut, that were obtained from the subjects suffe-

ring from gut-derived uremic toxins, severely enhance the 

risk of cardiovascular diseases amongst patients with CKD. 

The following graph displays the uremic toxic level and the 

cardiovascular event level together with the cardiovascular 

event risk factor graph.

Heart attacks, strokes, and heart failures are cumulative 

episodes in patients with CKD with varying amounts of ure-

mic toxins originating from cardiovascular sources, as seen 

in Fig. 2. Increased cardiovascular generated uremic toxins 

enhance cardiovascular event rates. People who have higher 

levels of indoxyl sulfate and p-cresyl sulfate are also more 

likely to experience cardiovascular events, which indicates 

that there is a connection between elevated levels of heart-

related uremic toxins and myocardial incidents among pa-

tients with CKD.

This research supports the idea that gut uremic toxins 

are most likely contributing direct causation of CVD in 

CKD patients. CVD risk factors such as, but not limited to, 

reduced arterial elasticity, increasing levels of blood pres-

sure as well as abnormal lipid profiles were significantly as-

sociated with both indoxyl and p-cresyl sulfate. Such to-

xins are likely to act on cardiac activity either by protective 

or destructive mechanisms by enhancing inflammation, 

oxidative stress, and endothelial dysfunction. Patients with 

CKD who have high levels of uremic toxins have an expo-

nentially increased cardiovascular risk on top of the CKD 

complications. Other interventions like microbiome modu-

lation and increasing the amount and/or quality or dialysis 

have a probability of reducing CV risk by targeting reducing 

uremic toxin accumulation. Subsequent research is justi-

fied to work out specific measures to address the problem 

and transform the situation of CKD patients with cardio-

vascular disease.

Conclusions
Research on the gut-derived uremic toxins indoxyl sul-

fate and p-cresyl sulfate, which cause cardiovascular issues 

in CKD patients, is reported in this article. An increased 

risk of cardiovascular problems, such as hypertension and 

atherosclerosis, is linked to greater levels of these pollutants. 

Interventions targeting vascular inflammation, oxidative 

stress, and endothelial dysfunction — three key stages in the 

pathophysiology of cardiovascular disease — were preferred 

by the research. Considering that those who suffered the 

most severe cardiovascular problems were also the ones most 

exposed to these contaminants, it could be worthwhile. For 

individuals with CKD, lowering the uremic toxin burden is 

Table 1. Baseline characteristics of study participants

ValueParameter

150Total number of patients

58.4 ± 12.3 yearsAge (mean ± SD)

75/75Gender (male/female)

CKD stage distribution
Stage 2: 40 %, stage 3: 

40 %, stage 4: 20 %

Comorbidities
Hypertension: 72 %, 

diabetes: 63 %

112.5 ± 28.6 ng/mLAverage indoxyl sulfate

145.3 ± 34.7 ng/mLAverage p-cresyl sulfate

Table 2. Correlation between uremic toxins 
and cardiovascular risk factors

Cardiovascular 
risk factor

Indoxyl sulfate 
(r)

р-cresyl sulfate 
(r)

0.680.72Arterial stiffness

Systolic blood 
pressure

0.610.65

0.560.53LDL cholesterol

–0.47–0.43HDL cholesterol

0.630.61Atherosclerosis
Figure 2. Cumulative incidence of cardiovascular 

events in CKD patients by uremic toxin levels
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the simplest intervention to implement. To develop a novel 

approach to treating cardiovascular illnesses, additional 

study is required. As far as my profession is concerned, there 

is no known way to reduce the cardiovascular stress associa-

ted with chronic kidney disease. Predisposed CKD patients 

with a tendency to cardiovascular difficulties have the high-

est chance of improving outcomes and quality of life once 

the uremic toxin burden is reduced.

Recommendations
The function of gut-derived toxins must be assessed in 

extensive, multicenter clinical trials encompassing vari-

ous CKD populations. To improve the reliability of clinical 

translation, consistent techniques for measuring toxins are 

essential. Microbiome modification, nutritional interven-

tions, and tailored dialysis all seem potential for lowering 

the clinical burden of CKD. Toxin monitoring and cardio-

vascular risk assessment should be integrated into clinical 

decision-support and patient-centered care.

Ethical approval
The Institutional Ethics Committee of each participa-

ting center had to provide their permission before the study 

could begin. Their anonymity was preserved throughout the 

study in accordance with ethical standards and legislation. 

This study examines the specific aspect of the Declaration 

of Helsinki that guarantees participant privacy for their well-

being. Current KDIGO (2022) and ESC (2023) guidelines 

emphasize cardiovascular risk management in CKD pri-

marily through blood pressure control, lipid lowering, and 

dialysis optimization. However, they do not yet incorporate 

toxin-targeted interventions. The findings of this study sug-

gest that future iterations of these guidelines could be nefit 

from including microbiome-focused or toxin-reducing 

strategies, as they may offer additional protection against 

cardiovascular complications.

References
1. Lim YJ, Sidor NA, Tonial NC, Che A, Urquhart BL. Uremic 

toxins in the progression of chronic kidney disease and cardiovascular 

disease: mechanisms and therapeutic targets. Toxins. 2021;13(2):142. 

doi: 10.3390/toxins13020142.

2. Veera Boopathy E, Peer Mohamed Appa MAY, Praga-

deswaran S, Karthick Raja D, Gowtham M, et al. A data driven ap-

proach through IOMT based patient healthcare monitoring system. 

Arch Tech Sci. 2024;2(31):9-15. doi: 10.70102/afts.2024.1631.009.

3. Dalpathadu H, Salim AM, Wade A, Greenway SC. A syste-

matic review of uremic toxin concentrations and cardiovascular risk 

markers in pediatric chronic kidney disease. Toxins. 2024;16(8):345. 

doi: 10.3390/toxins16080345.

4. Yazdkhasty A, Khorasani MSS, Bidgoli AM. Prediction of 

stress coping styles based on spiritual intelligence in nurses. Int Acad J 

Soc Sci. 2016;3(2):61-70.

5. Vondenhoff S, Schunk SJ, Noels H. Increased cardiovascular 

risk in patients with chronic kidney disease. Herz. 2024;49:95-104. 

doi: 10.1007/s00059-024-05235-4.

6. Martins S. Prevalence and impact of polypharmacy in el-

derly patients with chronic conditions. Clin J Med Health Pharm. 

2025;3(2):8-13.

7. Rumanli Z, Vural IM, Avci GA. Chronic kidney disease, ure-

mic toxins and microbiota. Microbiota Host. 2025. doi: 10.1530/mah-

24-0012.

8. Das A, Kapoor S. Comprehensive review of evidence-based 

methods in preventive cardiology education: perspective from analyti-

cal studies. Glob J Med Terminol Res Inform. 2024;2(4):16-22.

9. Czaja-Stolc S, Potrykus M, Ruszkowski J, Dębska-Ślizień A, 

Małgorzewicz S. Nutritional status, uremic toxins, and metabo-

inflammatory biomarkers as predictors of two-year cardiovascu-

lar mortality in dialysis patients: a prospective study. Nutrients. 

2025;17(6):1043. doi: 10.3390/nu17061043.

10. Gupta N, Verma A. The role of inflammation in cardiovascu-

lar disease. Medxplore Front Med Sci. 2025:37-51.

11. Wang Q, Han Y, Pang L, Zhou Z, Dai L. Gut microbiome 

remodeling in chronic kidney disease: implications of kidney replace-

ment therapies and therapeutic interventions. Front Med. 2025;12. 

doi: 10.3389/fmed.2025.1620247.

12. Luqman A, Hassan A, Ullah M, Naseem S, Ullah M, et al. 

Role of the intestinal microbiome and its therapeutic intervention in 

cardiovascular disorder. Front Immunol. 2024;15. doi: 10.3389/fim-

mu.2024.1321395.

13. Huang H, Chen M. Exploring the preventive and therapeu-

tic mechanisms of probiotics in chronic kidney disease through the 

gut-kidney axis. J Agric Food Chem. 2024;72(15):8347-8364. doi: 

10.1021/acs.jafc.4c00263.

14. Wang J, Lin Y, Hsu B. Endothelial dysfunction in chronic 

kidney disease: mechanisms, biomarkers, diagnostics, and therapeu-

tic strategies. Tzu Chi Med J. 2025. doi: 10.4103/tcmj.tcmj_284_24.

15. Wakamatsu T, Yamamoto S, Yoshida S, Narita I. Indoxyl sul-

fate-induced macrophage toxicity and therapeutic strategies in uremic 

atherosclerosis. Toxins. 2024;16(6):254. doi: 10.3390/to xins16060254.

16. Jha PK, Nakano T, Itto LYU, Barbeiro MC, Lupieri A, et al. 

Vascular inflammation in chronic kidney disease: the role of uremic 

toxins in macrophage activation. Front Cardiovasc Med. 2025;12. 

doi: 10.3389/fcvm.2025.1574489.

17. Tsuji K, Uchida N, Nakanoh H, Fukushima K, Haraguchi S, 

et al. The gut-kidney axis in chronic kidney diseases. Diagnostics. 

2025;15(1):21. doi: 10.3390/diagnostics15010021.

18. Al-Dajani AR, Hou QK, Kiang TKL. Liquid chromatog-

raphy-mass spectrometry analytical methods for the quantitation of 

 p-cresol sulfate and indoxyl sulfate in human matrices: biological ap-

plications and diagnostic potentials. Pharmaceutics. 2024;16(6):743. 

doi: 10.3390/pharmaceutics16060743.

19. Behrens F, Bartolomaeus H, Wilck N, Holle J. Gut-immune 

axis and cardiovascular risk in chronic kidney disease. Clin Kidney J. 

2023;17(1). doi: 10.1093/ckj/sfad303.

20. Renaldi R, Wiguna T, Persico AM, Tanra AJ. p-cresol and p-cre-

syl sulphate boost oxidative stress: a systematic review of recent evidence. 

Basic Clin Pharmacol Toxicol. 2025;137(1). doi: 10.1111/bcpt.70065.

21. Frąk W, Dąbek B, Balcerczyk-Lis M, Motor J, Radzioch E, 

et al. Role of uremic toxins, oxidative stress, and renal fibrosis in 

chronic kidney disease. Antioxidants. 2024;13(6):687. doi: 10.3390/

antiox13060687.

22. Lu Y, Meng L, Wang X, Zhang Y, Zhang C, Zhang M. The 

non-traditional cardiovascular culprits in chronic kidney disease: 

mineral imbalance and uremic toxin accumulation. Int J Mol Sci. 

2025;26(16):7938. doi: 10.3390/ijms26167938.

23. Cedillo-Flores R, Cuevas-Budhart MA, Cave-

ro-Redondo I, Kappes M, Ávila-Díaz M, Paniagua R. Im-



www.mif-ua.com, http://kidneys.zaslavsky.com.ua 298Òîì 14, ¹ 4, 2025

Îðèã³íàëüí³ ñòàòò³ / Original Articles

pact of gut microbiome modulation on uremic toxin reduc-

tion in chronic kidney di sease: a systematic review and 

network meta-analysis. Nutrients. 2025;17(7):1247. doi: 10.3390/

nu17071247.

24. Chermiti R, Burtey S, Dou L. Role of uremic toxins in vascu-

lar inflammation associated with chronic kidney disease. J Clin Med. 

2024;13(23):7149. doi: 10.3390/jcm13237149.

25. Zwaenepoel B, De Backer T, Glorieux G, Verbeke F. Predic-

tive value of protein-bound uremic toxins for heart failure in patients 

with chronic kidney disease. ESC Heart Fail. 2023;11(1):466-474. 

doi: 10.1002/ehf2.14566.

Received 20.08.2025

Revised 23.09.2025

Accepted 25.09.2025 

Information about authors
Deepak Kumar Sahu, Assistant Professor, Kalinga University, Raipur, India; https://orcid.org/0009-0007-2995-1175

Naina Bhoyar, Assistant Professor, Kalinga University, Raipur, India; https://orcid.org/0009-0000-0999-8741             

Confl icts of interests. Authors declare the absence of any confl icts of interests and own fi nancial interest that might be construed to infl uence the results or interpretation of the manuscript.

 Information about funding. This study did not receive any specifi c funding from public, commercial, or non-profi t organizations.

Deepak Kumar Sahu, Naina Bhoyar
Kalinga University, Raipur, India

Óðåì³÷í³ òîêñèíè êèøêîâîãî ïîõîäæåííÿ òà ¿õ ðîëü ó ðîçâèòêó ñåðöåâî-ñóäèííèõ ïîä³é 
ïðè õðîí³÷í³é õâîðîá³ íèðîê

Резюме. Хронічна хвороба нирок (ХХН) є тривалим та про-

гресуючим станом. Її розвиток зумовлений накопиченням у 

сироватці крові багатьох уремічних токсинів, частина з яких 

продукується кишковою мікрофлорою. Було показано, що 

два уремічні токсини, індоксилсульфат та р-крезилсульфат, 

погіршують перебіг серцево-судинних захворювань і при-

скорюють прогресування ХХН. З часом ці токсини ушкоджу-

ють серце, викликаючи набряк судин, оксидативний стрес 

та дисфункцію або повну втрату функції ендотелію. Зв’язок 

між уремічними токсинами, що виробляються в шлунково-

кишковому тракті, і серцево-судинними подіями в пацієнтів 

із ХХН залишається недостатньо вивченим, особливо в кон-

тексті перспективних нових біомаркерів, які можуть сприя-

ти ранній діагностиці серцево-судинних подій і своєчасному 

початку лікування. Метою було проведення систематичного 

огляду та аналізу факторів ризику серцево-судинних захво-

рювань, пов’язаних зі специфічними уремічними токсинами 

кишкового походження, з особливим акцентом на артеріаль-

ний тиск, атеросклероз та жорсткість артерій в осіб із ХХН. 

Дослідження також спрямоване на уточнення ролі цих ток-

синів у клінічних подіях та патобіології серцево-судинних 

розладів при хронічних захворюваннях нирок. Крім того, 

розглянуто стратегії лікування, спрямовані на модифікацію 

певних факторів шляхом впливу на мікробіом для збережен-

ня позитивних клінічних результатів, а також втручання, що 

інгібують вироблення кишкових уремічних токсинів з метою 

усунення або пом’якшення їх негативного впливу. Контроль 

уремічних токсинів кишкового походження може сприяти 

зміні серцево-судинного профілю та зниженню ризику ХХН, 

що зрештою поліпшить клінічні результати та якість життя 

пацієнтів.

Ключові слова: хронічна хвороба нирок; уремічні токсини; 

кишкова мікробіота; серцево-судинні захворювання; індоксил-

сульфат; р-крезилсульфат; серцево-судинні фактори ризику
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