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ABSTRACT

Cardiorenal syndrome is a clinical condition in which there is a correlation between heart and kidney diseases. In recent times, many
biomarkers have been studied in patients with cardiovascular diseases for developing proper knowledge of renal function and identifying
patients who are more susceptible to chronic or acute deterioration of renal function. Because diagnostic and prognostic usefulness of a
single time point biomarker is limited, biomarkers should be combined and monitored at multiple times for optimal clinical impact. This
review mainly lays emphasis on the potential clinical uses of the biomarkers in cardiorenal syndrome, recent advancements of biomarkers in
developing therapeutic agents for Alzheimer’s disease, and classification of different types of biomarkers as well as highlights classic heart
failure biomarkers with critical values adjusted to glomerular filtration rate and summarizes research progress of new heart failure biomarkers

and future research directions.
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INTRODUCTION

The term “cardiovascular diseases (CVDs)" refers to a broad range
of conditions affecting the heart and blood arteries. Coronary
heart disease, cerebrovascular illness, and rheumatic heart
disease, among other ailments, are among the disorders that fall
under the category of CVDs. These are the main reasons for deaths
that are happening over the world. On average, CVDs are to cause
for 17.9 million deaths annually. Heart attacks, strokes, and other
conditions are the main causes of death. There are certain untimely
deaths that affect people under the age of 70.™

Renal illnesses are situations where the kidneys cease to
function and are unable to maintain the balance of the body’s
chemical composition or eliminate waste and excess water from
the circulation. These include illnesses such as chronic kidney
disease (CKD) and glomerulonephritis, among many others. Acute
or chronic renal failure is the final outcome of these.”? Globally,
CKD is considered one of the major health issues. The prevalence
of CKD is around 13.4% (11.7-15.1%) worldwide. Between 4.902
and 7.083 million people are expected to have end-stage kidney
disease and require renal replacement treatment.”!

Cardiovascular risk and chronic renal disease are the major
causes of CVD, one of the leading causes of mortality. Kidney
illness and CVD are closely related to one another, and any flaw in
one organ might limit or improperly function in another, further
leading to organ failure. According to reports, people with end-
stage renal disease in general are more likely to die from CVD.
Acute kidney injury (AKI) is the main factor contributing to the
development of CVD, and it has been observed that treating and
detecting AKI as soon as possible can help patients avoid the
negative effects of CvVD."

A characteristic or biochemical agent known as a biomarker
is frequently employed to quantify and evaluate a normal
physiological or pathological process of pharmacological
responses to a therapeutic treatment. Proteins, lipids, genomic,
metabolomic, or proteomic patterns, imaging patterns, electric
signals, and cells found on a urinalysis are a few examples.”! In
the field of medicine, these have attracted enormous scientific
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and clinical interest. They are used in early disease diagnosis, the
prediction of patient outcomes, the identification of a patient’s
reaction to an intervention, and the evaluation of the effectiveness
of the intervention. They are also used to predict the clinical
efficacy and toxicity in pre-clinical research. The sensitivity and
specificity for the identification and characterization of a specific
disease condition will be improved with the use of a clinically
useful biomarker.

Additionally, it is possible that some of these biomarkers will
prove helpful for tracking the progress and severity of a particular
disease.”! It has been reported that a number of biomarkers can
be used to detect kidney and cardiac disorders. Heart and renal
ilinesses are now widely understood to interact in complex ways.
These two organs’ pathogenesis is usually linked, and as a result,
dysfunctionin one commonly causes problemsin the other. Several
novel cardiac and renal biomarkers that help with the diagnosis,
treatment, and prognosis of these diseases have recently been
discovered. These typically serve as an addition to conventional
biomarkers, which have a limited sensitivity and specificity.”!

A biomarker is a measurable indicator of a disease state’s
presence or severity. It may be chemical, physical, or biological
in nature, and the measurement may be cellular, molecular,
functional, physiological, or biochemical.”?
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Specific cells, molecules, genes, gene products, proteins,
enzymes, other fluids, or hormones may be included. Biomarkers
can also be complex organ functions or specific characteristic
changes in biological structures.

Several uses for biomarkers exist, such as tracking the
progression of a disease, determining an appropriate treatment
dosage schedule for a certain condition, and determining long-term
vulnerability. They assist with prevention, early diagnosis, drug target
identification, drug response, etc. There are numerous biomarkers
for various diseases, including blood pressure, biomarkers including
the P53 gene and MMPs for cancer, and serum LDL for cholesterol.”!

The following is a classification of biomarkers:

Type O, Type 1, AND TYPE 2 BIOMARKERS

This is a classification based on genetics and molecular biology
methods.

Type 0 Biomarkers

Alternatively, these are referred to as natural history biomarkers.

They are used to correlate over time with clinical markers and
to measure the disease’natural history. One type 0 biomarker used
to analyze renal functions and look for associated damage is serum
creatinine measurement.

Type 1 Biomarkers

They are drug activity biomarkers which help in indicating the

effect of drug intervention. These are of three types:

i.  Efficacy biomarkers - These are indicative of the therapeutic
effects of a drug.

ii. Mechanism biomarkers — These aid in providing information
about the mechanism of action of a drug.

iii. Toxicity biomarkers — These are indicative of toxicological
effects of a drug.

Examples of type 1 biomarkers include blood glucose levels
(efficacy biomarker), monitoring the effects of insulin treatment,
and cytokines (mechanism biomarker) in various autoimmune
disorders.

Type 2 Biomarker

These are surrogate markers, also known as surrogate endpoints,
which are important in identifying the effects of a therapeutic
treatment as well as serving as a substitute for a medical result of a
condition. An example of a type 2 biomarker is cholesterol in heart
disease. In this case, a higher level of cholesterol is associated with
an increased risk of a variety of heart diseases, but this theory is not
always relied upon because there are cases of patients who have
quite high cholesterol levels but still do not develop any heart
disease.'”

ProGNoOsTIC, PREDICTIVE,
PHARMACODYNAMIC, AND SURROGATE
EnNDPOINT BIOMARKERS

Prognostic Biomarkers

Prognostic in Greek means “foreknowing or foreseeing." These help
in predicting the possible outcome of a disease in an untreated
individual.

An example of a prognostic biomarker is the mutation status
of PIK3CA in HER-2-positive metastatic breast cancer where
individuals with mutated PIK3CA have been found to have lower
rates of disease-free survival.

Predictive Biomarkers

The use of predictive biomarkers allows for the identification of
individuals who are most likely to experience a positive clinical
result in response to a particular treatment. These help to deliver
a specific therapy to the patients for whom it is most likely to be
helpful.

A therapeutic technique used to treat advanced non-small-
cell lung cancer is erlotinib maintenance therapy. Progression-free
survival after erlotinib therapy is considerably poorer in individuals
with an EGFR mutation in the tumor than in patients who do not
have an EGFR mutation. As a consequence, the presence of EGFR
mutations serves as a biomarker for predicting erlotinib treatment
response.l'

Pharmacodynamic Biomarkers

The pharmacological effects of a drug can be determined with
the use of these biomarkers, and this will ultimately inform if
the treatment is operating as intended. As an illustration, PI3K
inhibitors are utilized in the treatment of several malignancies. AKT
is one of many downstream targets of the PI3K signaling pathway.
AKT is phosphorylated when the PI3K pathway is activated, and
phosphorylated AKT (pAKT) can serve as a pharmacodynamic
biomarker to demonstrate that the PI3K pathway is being inhibited
by Pi3Kinhibitor therapy. A decrease in pAKT levels shows that the
inhibitor is effective.?

Surrogate Biomarkers

Similarly to type 2 biomarkers, these. Blood pressure is an
illustration of a substitute biomarker for cardiac disease. The clinical
outcome should be effectively replaced by surrogate markers, and
changes in the substitute should determine the clinical outcome.
Surrogate biomarkers are only frequently used.

BiomARKERS OF ExPOSURE AND DISEASE

Biomarkers of Exposure

They are commonly known as “Antecedent Biomarkers” which are
used in risk prediction.

Biomarkers of Disease

These biomarkers are used for diagnosis and identifying the
degree of progression of a disease.

Biomarkers can also be distinguished as drug related and
disease related.

ReceNT PROGRESS IN BIOMARKER DETECTION

It involves the following:

1. The development of therapeutic agents for Alzheimer’s
disease.

2. Predicting disease progression in polycystic kidney disease.
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3. Novel immuno-oncology biomarkers for personalizing cancer
therapy.

4. Identifying diagnostic and prognostic biomarkers for drug
discovery of cystic fibrosis.

5. Detecting cardiovascular
treatments for CVD.I'

biomarkers to re-evaluate

CHARACTERISTICS OF BIOMARKERS

According to the US Food and Drug Administration, an ideal

biomarker must possess the following characteristics:

1. Specificity for a particular disease and it should have the
ability of differentiating between different physiological
states.

2. Safety while using and easy to measure.
3. Should be capable of faster diagnosis.
4. Economical.

5. Accurate.

6.

Consistent between different ethnic groups and genders.!9!

LimITATIONS OF BIOMARKERS

Measurement Errors

Incorrect biomarker measurement will lead to variability and lower
correlation of variables associated with the disease. Problems with
the equipment used for taking samples or in transferring them
to the laboratory may have an impact on how the biomarker is
measured.

The determination of biomarkers may also be impacted
by incorrect sample storage or modifications to the storage
environment. Since technicians handle the majority of the
specimens, proper training for new employees is essential.
Well-organized procedure manuals that stress the specifics of
paperwork, storage, specimen monitoring, and record-keeping
may usually alleviate the majority of issues. In most laboratories
and on a big scale, quality control and quality assurance processes
are used to eliminate measurement errors.

Bias

The study of biomarkers can also involve bias. Complications
occur when the presence of the biomarker is differentially related
to either the disease or the exposure or when the specimen
acquisition, storage, measurement, or ascertainment procedures
differ to those with the disease in comparison to those without
the disease or outcome of interest. High response rate from all
cases and controls is needed to be maintained in order to reduce
this bias and the investigators should have an objective review
board review and they should monitor the conduct of the study,
observing possible biases in subject participation or specimen
ascertainment.

CosT

The choice of the biomarker for research is determined by the
scientific question and the available funding. Cost is a constant
concern. This may be important when considering about a tiny
clinical trial; if thousands of people are used in an observational
study, the cost might be rather large, even if the laboratory
procedure is automated and simple. Depending on the sort of

investigation, the researchers should be aware of the biomarker’s
false-positive or false-negative profile. No matter if it is a biomarker
of exposure, susceptibility, or disease, “false positives”always result
in additional work.“False negatives”frequently result in an increase
in the study’s overall cost. The amount of funding that is available
is the only factor that determines tolerance for this problem.

ACCEPTABILITY

The choice of biomarkers is not trivial owing to the source of
biomarkers, which is either a human body tissue or body fluids.
They can also be associated with some degree of risk. The patient
will possibly benefit from the “new treatment” and the risk would
be of a lesser concern in case of clinical trials. The source of the
biomarker is crucial in quasi-experimental studies. Body fluids
such as blood and urine are usually well tolerated. However, biopsy
(particularly of neural tissue) and collection of cerebrospinal fluid
are more difficult and associated with minor risks. Risk-benefit
is a subject for the researcher to resolve. In order to convince
institutional review boards that the study is safe and that the
risk-benefit ratio favors advantages, pilot studies are always quite
helpful.l'™

CVDs

CVDs are a class of diseases related to heart and blood vessels.
These include coronary artery diseases (CAD) such as angina and
myocardial infarction (commonly known as a heart attack). Others
include stroke, heart failure, hypertensive heart disease, rheumatic
heart disease, cardiomyopathy, abnormal heart rhythms,
congenital heart disease, valvular heart disease, carditis, aortic
aneurysms, peripheral artery disease, thromboembolic disease,
and venous thrombosis. A variation in the underlying mechanisms
is observed as per the intensity of the disease. Dietary risk factors
are associated with 53% of CVD deaths.

Coronary artery disease, stroke, and peripheral artery disease
involve atherosclerosis. This may be caused by high blood pressure,
smoking, diabetes mellitus, lack of exercise, obesity, high blood
cholesterol, poor diet, excessive alcohol consumption, and poor
sleep, among other things. Hypertension is estimated to account
for approximately 13% of CVD deaths, while tobacco is responsible
for 9%, diabetes 6%, lack of exercise 6%, and obesity 5%."”

RenAL DiISEASES

Nephropathy, often known as renal disease or kidney disease,
is a medical term for kidney damage or kidney disease. There
are various forms of nephritis, an inflammatory kidney disease,
depending on where the inflammation is present. Blood tests can
be used to diagnose inflammation. A non-inflammatory kidney
condition is nephrosis. Nephrotic disorder and nephritic syndrome
are conditions that can result from nephrosis and nephritis,
respectively. Kidney disease typically results in a partial loss of
renal function and can lead to kidney failure, which is the total loss
of kidney function. The final stage of kidney disease, kidney failure,
can only be treated with a transplant or dialysis.

Long-term kidney abnormalities (structural or functional
in nature) that persist for more than 3 months are known as
CKD. Acute renal injury, as it is now known, is characterized by a
precipitous decline in kidney function over a period of 7 days. In
2007, almost one in eight Americans suffered from chronic renal
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disease. This rate is rising with time, and as of 2021, it is estimated
that 1in 7 Americans will have CKD."®

CORRELATION BETWEEN CARDIOVASCULAR AND
ReNAL DiSEASES

Patients having CVDs are usually found to have chronic or acute

renal dysfunction. When patients with both acute and chronic

heart failure (CHF) are taken into account, the prevalence of an
altered renal function is thought to be much higher.

This connection results from the close relationship between
both the heart and kidneys, which means that both organs have
equal physiological and pathological states. The kidney controls
fluid homeostasis, which is necessary for the heart to function,
whereas hemodynamic, neurohormonal, inflammatory, and
local mechanisms control blood perfusion, which is necessary
for the kidneys to operate properly. Because of common risk
factors (such as hypertension, diabetes, and atherosclerosis)
and pathophysiological pathways, heart and kidney diseases
commonly interact. In reality, both acute and chronic CVD and
CKD are progressed by variables other than hemodynamic ones,
including neurohormonal overactivity, endothelial dysfunction,
inflammation, and oxidative stress. The phrase “cardiorenal
syndrome” refers to the connection between cardiac and renal
diseases and the potential for a mutual relationship on how they
develop.

According to the organ that is primarily responsible for the
development of the other, CRS has been further divided into five
distinct kinds.

o  Type 1 refers to AKI caused by acute cardiac disease.

e Type 2 refers to CKD caused by chronic heart disease.

e Type 3 refers to heart dysfunction caused by the acute
worsening of kidney function.

e  Type 4 refers to cardiac disease determined by CKD.

e Type 5 refers to a simultaneous injury of the heart and kidneys
caused by systemicdiseases. Recent research has discovered
that mild renal dysfunction, which produces common
cardiovascular changes and ultimately predisposes to
coronary heart disease as well as non-coronary cardiovascular
issues, is also a significant cardiovascular risk factor. Patients
with early renal dysfunction have been identified as having a
wide range of different abnormalities (e.g., microalbuminuria
and reduced estimated glomerular filtration rate [EGFR]).

Patients with early renal dysfunction have been discovered to
have a number of traditional and novel cardiovascular risk factors,
such as elevated asymmetric dimethyl-L-arginine concentrations,
markers of microinflammation, oxidative stress, metabolic
syndrome characteristics, abnormal adipokine concentrations,
dyslipidemia, inappropriate renin—angiotensin system activation,
and sympathetic overactivity."

Kidney disease and heart dysfunction are related in a two-way
manner. In reverse order, cardiac problems can cause progressive
renal problems whereas renal problems can cause cardiac
problems. In their study, van Dokkum et al. investigated how
myocardial infarction affected the loss of renal function in rats with
unilateral nephrectomies.

Inanimals with myocardial infarction, focal segmental sclerosis
and proteinuria were found to be more severe, and a significant
relationship between left ventricular pressures and proteinuria
was discovered. According to the data, minor renal failure was

made worse by heart injury, most likely due to neurohumoral
signals. The connection between these two factors supports the
idea of a “cardiorenal syndrome."?"

RECENTLY EMPLOYED BIOMARKERS IN
CARDIORENAL DISEASES

The following section explains some of the recently used
biomarkers for various cardiorenal diseases [Figure 1].

RenAL BiomARKERS IN CHRONIC KIDNEY AND
CVDs

Through the use of equations used to calculate glomerular
filtration rate (GFR), serum creatinine levels aid in the assessment
of renal function. When serum creatinine linked to the muscle
tissue breaks down, serum creatinine is produced. Its production
rate is essentially constant, and the kidneys primarily eliminate it
through glomerular filtration and just little through active tubular
secretion. It has been shown that empirical formulas may quickly
and accurately estimate GFR based on factors including age,
gender, weight, and race as well as serum creatinine levels.

Similar to this, serum creatinine is evaluated in patients with
CHF, particularly in those with normal or nearly normal renal
function, to understand the physiology of the body in the diseased
state.

Creatinine serum levels are not only used to estimate GFR but
also to define the occurrence of worsening renal function (WRF).
An increase of creatinine value >0.3 mg/dL and a decline in the
stage of CKD associated with a 25% or greater drop in EGFR from
baseline are the criteria indicated by the KDIGO guidelines to
define the presence of a CKD progression.

Age, diet, gender, body mass, and race can also have an impact
on the levels of creatinine in the serum. A decrease in creatinine
levels based on muscle atrophy and cardiac cachexia can lead to
an overestimation of GFR, which is akin to severe heart failure.
Additionally, the greater filtration capacity of the remaining
nephrons contributes to the decrease of GFR when a critical
mass of nephrons is lost. Renal biomarkers should address two
primary clinical needs in addition to GFR. They should enhance the
estimation of renal function status and its degradation, as well as
more precisely identify the pathophysiological factors that lead to
acute or chronic WRF, which can also serve as a therapeutic target.”??

Cystatin C

Cystatin C, a cysteine proteinase inhibitor, may be able to help
overcome some of the challenges associated with estimating GFR
from creatinine serum levels. All nucleated cells secrete it. In contrast
toserum creatinine, itis freely filtered by the glomerulus, reabsorbed,
and then not released by tubular cells. Age, body mass, nutritional
state, and cachexia had little effect on the serum levels of cystatin C.
When predicting early post-operative outcomes in advanced heart
failure, that is, those who have received a left ventricular assist
device, renal function by cystatin C is more accurately estimated
when compared to serum creatinine. On the other side, some
conditions including inflammation, thyroid dysfunction, obesity,
and concurrent steroid treatment use may cause cystatin C levels to
rise. Cystatin C has been shown to be effective in correctly classifying
the risk of events in patients with HF (acute and chronic), as well as
those with CAD (coronary artery disease), and the elderly. Due to its
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Figure 1: Renal biomarkers indicative of cardiorenal and renocardiac syndrome progression

higher cost compared to creatinine, the use of cystatin Cis restricted
in ordinary clinical care.”®

Tubular Biomarkers

This evidence points to the emergence of renal impairment,
especially in CHF patients. In cases of tubular damage, the proximal
tubule’s  lysosomal protein  N-acetyl-beta-glucosaminidase
(NAG) is eliminated in the urine. The proximal tubule expresses
a transmembrane glycoprotein, also known as a kidney damage
molecule, as a result of hypoxic tubular injury. NAG and KIM1 serum
levels in CHF patients irrespective of GFR indicate the level of risk of
death or HF-related hospitalizations. Beta-2 macroglobulin (B2M),
uromodulin, and alpha-1 macroglobulin (ATM) are other well-
known biomarkers that are used. The liver produces the plasma
protein ATM, which has antioxidant properties. Under normal
conditions, only a small portion of B2M is discovered in the urine,
but when the renal tubules are damaged, B2M concentrations rise.
Tamm-Horsfall protein, also known as uromodulin, is a protein
that can only be made by the kidney and is primarily found in
healthy human urine. Although its exact role is unknown, experts
believe that it controls ion transport, guards against infections,
and prevents kidney damage and the development of kidney
stones. CVD and death are associated with high levels of ATM and
low amounts of uromodulin in the urine 24

Galectin-3 could be used to better understand the
pathophysiological foundations of the underlying renal
dysfunction and its progression in individuals with CVD. A beta-
galactosidase-binding lectin known as Gal-3, which may be found
both inside and outside of cells, is expressed in a wide range of
organs and cell types. Its ability to induce fibrosis has been its
primary pathologic function. Gal-3, which is produced by activated
macrophages, stimulates collagen activation and deposition in the
extracellular matrix as well as fibroblast proliferation. This behavior
may start cardiac remodeling and eventually lead to heart failure.

Gal-3 has been shown to affect renal fibrosis and dysfunction
in addition to its cardiac effects. Increased plasma levels of Gal-3
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galectin-3 are likewise linked to a higher risk of incident CKD
development in humans, but there is a correlation between Gal-3
levels and GFR in these creatures. In addition to being highly
correlated with decreased GFR and microalbuminuria, higher
levels of Gal-3 serum are also associated with a higher risk of renal
function deterioration in patients with CHF.1*!

ReENAL BIoMARKERS IN CARDIOVASCULAR
PaTieEnTs wiTH AKI

Recently, the term AKI has taken the role of acute renal failure.
It is defined as a rapid (within hours) reduction in kidney function
and includes both harm (structural damage) and impairment (loss
of function). AKI affects about 25% of people who are hospitalized
for CVD (ranging from 15-30% of people with acute coronary
syndrome (ACS) to 47% of people with acute decompensated
heart failure). Dialysis is required by 20% of patients with AKI, 1%
to 3% of patients with HF or ACS, and around 13% of patients with
cardiogenic shock (AKI-D).

NEUTROPHIL GELATINASE-ASSOCIATED
LirocaLin (NGAL), NAG, KIM-1

Atiny protein called NGAL is completely reabsorbed in the proximal
tubule after freely filtering through the glomerulus. It is produced
by the kidney and other organs, and under typical circumstances,
the amounts in the blood and urine are quite low. Similar to the
other tubular indicators, when NGAL cannot be completely
reabsorbed due to tubular injury, its urine levels rise and advance
the rise in serum creatinine by 24 h. It has been found that NGAL
is linked to the onset of poor renal function, which has a negative
clinical outcome, in some HF patients. Patients with CVD have also
been tested for NAG and KIM-1. NAG levels rise and are linked to a
worse outcome in AKI patients. Another risk factor for AKI is NAG.
KIM1 urine levels rise with a sensitivity in the identification of AKI,
almost a day before the rise in serum creatinine.

In patients with acute heart failure, an increase in tubular
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damage biomarkers, particularly urinary NGAL and KIM1, is
predictive of the development of WRF and can help identify
patients at higher risk of post-discharge mortality earlier, according
to research by Cartin-Ceba et al.>®

Fatty Acid-binding Proteins (FABPs)

Proteins called FABPs bind to free fatty acids. Heart-specific
FABP (FABP-3) and liver-specific FABP (FABP-1) have been found
to express themselves in the proximal and distal tubules of the
kidney, respectively. AKI risk and ischemic tubular damage have
been linked to urinary FABP-1 and FABP-3 levels. High FABP-3
readings are linked to a greater likelihood of cardiac disease in
chronic HF patients.?”!

G1 Cell Cycle Arrest Biomarkers

AKl is influenced by a variety of intricate cellular and molecular
processes connected to endothelium, epithelial, inflammatory,
and interstitial cells. Cell cycle, immunology, inflammation, and
apoptosis pathways are a few of these systems. TIMP-2 and insulin-
like growth factor-binding protein-7 have recently been proposed
as two urine indicators of cellular stress in the early stages of
tubular cell injury (IGFBP7). These indications are the result of
various insults (inflammation, ischemia, oxidative stress, drugs,
toxins, and ultraviolet radiation).?®

CARDIAC BioMARKERS IN KIDNEY DISEASES

For the diagnosis and prognosis of HF patients, the biomarkers
brain natriuretic peptide (BNP) and peptide bond pro-BNP
(NT-proBNP) are helpful. With respect to NT-proBNP in particular,
renal function has an effect on these biomarkers’ serum levels; the
more severe the renal dysfunction, the greater the serum level.
Even in CKD patients, natriuretic peptides are still linked to a worse
prognosis. WRF and NT-pro BNP are linked in chronic HF.?!

BioMARKERS OF RENOCARDIAC SYNDROME

The occurrence of structural and functional cardiac abnormalities
up until the development of heart failure is determined with
the help of ESRD. A high flow state brought on by arteriovenous
fistulas and hemodynamic factors associated with fluid overload
can encourage the eccentric remodeling of the left ventricle.
A ventricular concentric remodeling, on the other hand, can be
assisted by an increased afterload carried on by higher arterial
systemic resistances and/or reduced arterial compliance. Non-
hemodynamic factors such uremic toxins, oxidative stress,
inflammatory, hyperparathyroidism, hypovitaminosis D, and
hyperphosphatemia might worsen myocardial fibrosis.2?

The gradual decline in the body’s capacity to clear waste
material from metabolic reactions and intestinal microbiota is what
has led to an increase in uremic toxins. Patients with CKD have an
entirely distinct intestinal microbiota than healthy subjects; this
imbalance is known as “dysbiosis." The colon serves as an excretion
organ when renal function declines. The proliferation of urease-
positive species, which are in responsibility of converting urea into
ammonia, occurs as a result of urea excretion, which raises the pH
of the colon. Additionally, bacteria utilize amino acids for energy
rather than anabolic functions, which leads to the production of
uremic toxins such p-cresyl sulfate (PCS), indoxyl sulfate (IS), and

trimethylamine N-oxide (TMAO). PCS and IS levels in CKD patients
can be up to 100 times higher than in healthy persons. These
substances cause oxidative stress, pro-fibrotic inflammation, and
both renal and cardiovascular-related oxidative stress. Additionally,
they have a propensity to encourage greater heart hypertrophy,
which promotes cardiac dysfunction in ESRD. The connection
between IS and PCS and a worse prognosis in patients with CVD
and renal impairment supports their cardiovascular importance.
Targeting these harmful substances could provide a treatment
opportunity to slow the evolution of CRS.B"

CONCLUSIONS

CKD is highly prevalent in those patients who are affected by
CVD and HF. The most convenient way to assess overall kidney
function in clinical practice is GFR estimation based on serum
creatinine levels. In acute and chronic conditions, several
limitations exist in the use of serum creatinine. New markers have
been studied in order to overcome some of the drawbacks related
to creatinine, to better assess the severity of renal dysfunction,
to detect patients at higher risk of renal function worsening, and
to more accurately identify patients prone to developing AKI. As
a result, various novel biomarkers have been proposed in order
to examine patients with end-stage renal diseases who are likely
to experience deterioration of cardiac function. Future studies
can help in understanding, the use of these biomarkers not
only as prognostic markers but also as a basis or target for new
therapeutic approaches.
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