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Gut-derived uremic toxins and their role
in accelerating cardiovascular events
in chronic kidney disease

Abstract. Chronic kidney disease (CKD) is a long-lasting and progressive condition. It is caused by the
complicated buildup of many serum uremic toxins, some of which are made by the gut flora. Two uremic
toxins, indoxyl sulfate and p-cresyl sulfate, have been shown fo worsen cardiovascular disease and
accelerate the progression of chronic kidney disease. These tfoxins harm the heart over time by causing
the blood arteries swell, creating oxidative stress, and making the endothelium work poorly or not at all. The
relationships between uremic foxins produced in the gastrointestinal fract and cardiovascular events in
individuals with CKD remain inadequately defined, especially with prospective new biomarkers that could
facilitate earlier diagnosis of cardiovascular events and the commencement of freatment. This aims fo
conduct a systematic review and research on cardiovascular risk factors associated with specific gut-
derived uremic toxins, with a particular focus on blood pressure, atherosclerosis, and arterial stiffness in
individuals with CKD. This study aims fo elucidate more definitions regarding the impact of these foxins on
clinical events and the pathobiology of cardiovascular illnesses in individuals with chronic renal disease.
Furthermore, when examining these data, we will consider treatment strategies aimed at modifying
certain factors by targeting the microbiome to maintain positive clinical oufcomes, as well as interventions
that inhibit the production of gut-derived uremic toxins to eliminate or mitigate their adverse effects. By
controlling gut-derived uremic toxins, patients’ cardiovascular profiles and CKD risks can be modified,
improving clinical outcomes and quality of life.

Keywords: chronic kidney disease; uremic toxins; gut microbiota; cardiovascular disease, indoxyl sulfate;
p-cresyl sulfate; cardiovascular risk factors

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 demonstrated to
exacerbate cardiovascular disease by influencing risk factors
such as arterial stiffness, hypertension, and atherosclerosis.
It is posited that the sequestration of uremic toxins accele-
rates the progression of cardiovascular injury and the over-

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 studied 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, characterized
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, prebiotics,
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 levels 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
gathered 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-

Tom 14, N2 4, 2025

www.mif-ua.com, http://kidneys.zaslavsky.com.ua

294



OpuwuriHaabHi ctarti / Original Articles

ing the proper knowledge to aid in bypassing the danger of
uremic toxins among CKD patients.

Therapeutic 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
average 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. Toxin 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-

| Gut-derived uremic toxins

| Chronic kidney disease
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Vascular inflammation | |

Oxidative stress

| | Endothelial dysfunction
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Pathophysiology
of cardiovascular damage
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dysfunction

Resulting
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Figure 1. Role of gut-derived uremic toxins in accelerating cardiovascular events in chronic kidney disease

295

Hupium. Kidneys

Tom 14, N2 4, 2025



OpuwuriHaabHi ctarti / Original Articles

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 sufte-
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

Table 1. Baseline characteristics of study participants

Parameter Value
Total number of patients 150
Age (mean = SD) 58.4 + 12.3 years
Gender (male/female) 75175

Stage 2: 40 %, stage 3:
40 %, stage 4: 20 %

Hypertension: 72 %,
diabetes: 63 %

112.5 + 28.6 ng/mL
145.3 + 34.7 ng/mL

CKD stage distribution

Comorbidities

Average indoxyl sulfate

Average p-cresyl sulfate

Table 2. Correlation between uremic toxins
and cardiovascular risk factors

Cardiovascular | Indoxyl sulfate | p-cresyl sulfate
risk factor (r) (r)
Arterial stiffness 0.72 0.68
?’:;gﬂf  blood 0.65 0.61
LDL cholesterol 0.53 0.56
HDL cholesterol -0.43 -0.47
Atherosclerosis 0.61 0.63

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

60
50 C
40
30

Lt Ll

Low Moderate

High

Uremic toxin level

O Number of patients
W Number of cardiovascular events
@ Cumulative incidence (%)

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 benefit
from including microbiome-focused or toxin-reducing
strategies, as they may offer additional protection against
cardiovascular complications.
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YpeMiyHi TOKCMHN KULLKOBOIO MOXOAXXEHHS TA iX POAb Y PO3BUTKY CEepPLEBO-CYAUHHUX NOAIN
NP XPOHIiYHIN XBOPOG6i HUPOK

Pe3iome. Xponiuna xsopo6a Hupok (XXH) e tpuBaanm Ta npo-
IPECYIOUMM CTAaHOM. Ii PO3BMTOK 3yMOBJIEHMII HAKOIIMUEHHSIM Y
CUPOBATIi KPOBi 0araTbox ypeMiYHUX TOKCHHIB, YaCTMHA 3 SIKMX
MPOAYKYETHCSI KUILKOBOIO Mikpodopoto. byno mokazaHo, 110
JIBA YPEeMiuHi TOKCUHM, iHIOKCWICYJIb(dAar Ta p-Kpesuicyibdar,
MOTIipIIYIOTh MEePedir cepleBO-CYAMHHUX 3aXBOPIOBAaHb i IpHU-
CKOpIOIOTh mporpecyBaHHs XXH. 3 yacom 11i TOKCUHU YIIKOIXY-
I0Th Ceplie, BUKJIMKAIOUM HAOPSIK CyAMH, OKCUIATUBHUI CTpec
Ta qucdyHKilo abo MoBHY BTpaTy MYHKIi eHa0Tes 0. 3B 130K
MiX YpeMiYHUMU TOKCUHAMU, IO BUPOOJISIOTHCS B HLTYHKOBO-
KUIIIKOBOMY TPaKTi, i ceplieBO-CYAMHHUMM TIOAiSIMU B TIALIIEHTIB
i3 XXH 3aiuiiaeTbcsl HEAOCTaTHBO BUBYEHUM, OCOOJIMBO B KOH-
TEKCTi MEepCIeKTUBHUX HOBUX OiOMapKepiB, SIKi MOXYTb CIIPHSI-
TU PaHHIl JiaTHOCTULI CepleBO-CYAMHHUX IO/l i CBOEUaCHOMY
MOYaTKy JiKyBaHHs. MeToro 0yJ10 MPOBEIEHHSI CUCTEMAaTUUYHOTO
OIJIsIAy Ta aHalizy (akTopiB PpU3UKY CEepLIEBO-CYIMHHUX 3aXBO-
pIOBaHb, MOB’A3aHUX 3i crieuudiYHUMU YPEMiYHUMU TOKCUHAMU

KHUIITKOBOTO TTOXOIIKEHHSI, 3 OCOOJIMBUM aKIIEHTOM Ha apTepialib-
HUI THUCK, aTepOCKJIEPO3 Ta KOPCTKICTh apTepiit B ocid i3 XXH.
JocnimKeHHsT TAKOXK CIPSIMOBaHEe HAa YTOUHEHHST POJIi LIIUX TOK-
CHHIB Yy KJIiHIYHMX TOMdisIX Ta MaTo0ioJorii cepleBO-CyIMHHUX
po3JamiB MpU XPOHIUHMX 3aXBOPIOBaHHSIX HMPOK. KpiMm ToroO,
PO3IJISTHYTO CTpaTeTii JIKyBaHHSI, CIIPSIMOBaHI Ha MOAU(iKaIliio
MeBHUX (paKTOPiB IUISIXOM BILIMBY Ha MiKpOOioM [IJIsT 30epeXKeH-
HSI TO3UTUBHUX KJIIHIYHUX PEe3yJIbTaTiB, a TAKOX BTPYYaHHSI, 110
iHTi0YIOTh BUPOOJICHHSI KUIITKOBUX YPEMIYHUX TOKCUHIB 3 METOIO
YCYHEHHsI a00 ITOM KIIIEHHS IX HeTaTUBHOTO BILUIMBY. KOHTpOJIb
YPEMIUHMX TOKCHHIB KHIIKOBOTO TMOXOKEHHSI MOXE CIPUSITH
3MiHi ceplLIeBO-CyIMHHOTO Mpodiio Ta 3HUKEHHIO pu3uky XXH,
IO 3PELITOI0 MOJIMIIMTD KJIIHIYHI pe3ybTaTu Ta SIKICTb KUTTS
MaLi€HTIB.

Kir040Bi c/10Ba: xponiuHa xBopo6a HUPOK; YpeMidHi TOKCHHU;
KUIIKOBA MiKp0o0ioTa; cepLieBO-CYIMHHI 3aXBOPIOBAHHST; iIHAOKCUJI-
cynbdart; p-Kpe3uicyibhar; cepleBo-CyaMHHI (GakTopy pU3UKY
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