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Cardiac biomarkers and chronic renal diseases
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Abstract: Accelerated atherosclerosis can lead to an increased prevalence of coronary artery disease, heart
failure, brain stroke and peripheral arterial disease. Thus, subjects with chronic renal failure are exposed to
increased morbidity and mortality from cardiovascular events. A strong and pervasive link exists between
kidney failure and cardiac disease. A variety of individual biomarkers have been evaluated and several have
been found to successfully predict the outcome in patients with kidney disease. These include markers of
myocardial necrosis, such as cardiac troponin T and |, markers of heart failure, such as B-type of natriuretic
peptide and its associated inactive N-terminal fragment, markers of systemic inflammation — C-reactive pro-
tein, and an endogenous inhibitor of nitric oxide synthase—asymmetric dimethyl arginin.

Increased concentrations of C-reactive protein, B-type of natriuretic peptide, asymmetric dimethyl arginine,
and troponin predict a high risk of cardiovascular mortality as well as a mortality due to other causes in pa-
tients with chronic renal failure or end stage renal disease (Tab. 1, Ref. 33). Full Text (Free, PDF) www.bmj.sk.
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Biomarkers and progression of kidney diseases

Biomarkers are substances found in biological samples, such
as blood and urine. They may reflect the presence of some dis-
ease or organ damage. Biomarkers are often used for diagnostic
purposes; they can assess the prognosis or the effect of treatment.
Biomarkers can be useful when comparing cardiovascular bur-
den in a diverse population.

During last 10 years it has been proved that a moderate renal
insufficiency (GF60 ml/min) is a very frequent finding in gene-
ral population (1). Like coronary heart disease, chronic kidney
disease (CKD) is related to several risk factors, including meta-
bolic syndrome (hypertension, abdominal obesity, hypertriglyce-
ridemia, fasting hyperglycemia, and low HDL) (2). However,
these risk factors are not fully responsible for renal function loss.
Accordig to MDRD study (Modification of Diet in Renal Dis-
ease, 1997) these factors explained only 34 % of the variance of
renal disease progresssion (3). So, there are unkonwn factors,
which play an important role in reducing renal function in these
patients. These factors are so called “biomarkers.”

In the recent years many studies have been performed and
proved an important role of biomarkers: C-reactive protein (CRP),
homocysteine, B-type of natriuretic peptide (BNP), troponin and
asymmetrical dimethyl arginin (ADMA).
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C-reactive protein

Inflammation, a very important component of the pathogen-
esis of atherosclerosis, is an invasive sign in patients with chronic
renal failure (CRF) or end stage renal disease (ESRD), respec-
tively. Increased level of CRP is proved in 70 % of patients on
chronic dialysis (4). CRP is increased frequently in patients with
metabolic syndrome. This fact is refered to the release of IL-6
(interleukin 6), TNF-a (tumor necrosis factor-alpha) and other
cytokines by the adipose tissue. Systemic inflammation in obese
and overweight subjects may affect both the cardiovascular sys-
tem and kidneys (1).

Outcomes of epidemiological studies support the idea that
inflammation plays an important role in renal dysfunction (1).

The relationship between inflammation and renal function
in patients with progressive renal disease has been minimally
investigated. Two small studies showed an inverse relation be-
tween CRP and IL-6 to creatinine clearence (5, 6).

Tonelli, in a group of patients with myocardial infarction and
a mild CRF, demonstrated that the loss of renal function is in-
versely related to CRP (7). Moreover, this study proved that statin
treatment significantly reduced the progression of renal disease.
There is the evidence that an increased plasma CRP is an early
marker of renal dysfunction. In addition, CRP is one of the stron-
gest markers of cardiovascular risk in patients with chronic renal
insufficiency.

According to Tripepi, IL-6 and fibrinogen are stronger pre-
dictors of cardiovascular and all cause mortality compared to
CRP. As it is reliable and well standardized, it remains a favorit
between other markers, as a potential candidate for risk stratifi-
cation in subjects with CRF or ESRD, respectively (8).
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Chronic kidney disease (CKD) is very frequent (in 80—90 %)
in patients with coronary heart disease (or in persons with risk of
coronary heart disease). CRP could be very useful to guide the
treatment in these patients. Its measurement could be recom-
mended in subjects with chronic kidney disease and especially
in patients with coronary heart disease (9).

Homocysteine

Plasma homocysteine level is increased in patients with re-
duced renal function. Hyperhomocysteinemia can alter renal he-
modynamics in experimental models (1, 33). According to the
meta-analysis done by Wald, in moderate renal insufficiency was
homocysteine about 5 pmol/l higher than in normal subjects and
this increase was associated with 42 % higher risk of cardiovas-
cular death (10).

Mallamaci showed that homocysteine was significantly as-
sociated with atherothrombotic events in persons on chronic he-
modialysis (11).

High plasma homocysteine level is a risk factor for mortality
and vascular disease in observentional studies in patients with
CKD. It is known that folic acid and B vitamins decrease ho-
mocysteine levels in this population but it is unknown whether
they decrease the mortality.

Jamison determined, whether high doses of folic acid, pyri-
doxin and cyanocobalamin administered daily, reduce mortality
in patients with CKD. In a double-blind randomized controlled
trial the author showed that levels of homocysteine were lower
in the vitamin group of patients, but this treatment did not im-
prove the survival or reduce the incidence of vascular disease in
patient with CKD or ESRD (12).

Asymmetric dimethyl arginine

Asymmetric dimethylarginine (ADMA) is an endogenous
inhibitor of nitric-oxide synthase. ADMA is synthesized in many
tissues. In the cardiovascular system it is produced in the heart,
endothelium and smooth muscle cells. Exogenous ADMA in-
hibits nitric-oxide (NO) generation in vitro and in humans re-
duces blood flow and cardiac output and increases systemic vas-
cular resistance and blood pressure. ADMA and its biologically
inactive stereoizomer — symmetrical dimethylarginine (SDMA)
— are not eliminated in patients with CRF. Thus, the concentra-
tions of these substances in plasma are 2—6 times higher in ure-
mic patients than in healthy control subjects (13). ADMA is now
considered as one of the strongest marker of atherosclerosis (14).
Elevated plasma concentrations of ADMA are associated not only
with endothelial dysfunction and atherosclerosis but also predict
mortality and cardiovascular complications in patients with CKD
or ESRD (15). In subjects with mild to advanced CKD, plasma
level of ADMA was inversely related to GFR and was an inde-
pendent risk marker of mortality and progression to ESRD (16).

Two studies (Ravani, 2005, Fliser, 2005) showed that ADMA
is a strong predictor of renal disease progression in patients with
CKD. A high plasma concentration of ADMA is associated with
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high cardiovascular risk in the general population, in persons
with CKD and in ESRD patients (15).

In vitro, chronic inhibition of NO elaboration accelerates the
progression of vascular lesions, whereas the supplementation with
L-arginine (the precursor of NO) inhibits this progression. The
absence of biologically active NO is associated with platelet ag-
gregation and leukocyte adhesion. These mechanisms contrib-
ute to the development of acute athero-thrombotic events, which
increase cardiovascular mortality rates (17).

Findings of interventional studies suggest that L-arginine
supplementation improves endothelial dysfunction in patients
with ESRD and in individuals with coronary artery disease (18).

Troponin

Troponins are structural proteins of cardiac and skeletal
muscles. There are three types of troponin (T, I, and C) that cre-
ate the troponin complex. Cardiac troponin I and T are sensitive
and specific markers of myocardial damage. However, in the
absence of cardiac injury, troponins were found in clinical con-
ditions such as ESRD, pulmonary embolism, acute stroke and
sepsis (19).

Elevations of cardiac troponins in ESRD patients can result
from many sources (Tab. 1). Patients with ESRD can have patho-
logical changes in their skeletal muscles (uremic myopathy).

Some reports suggest that increased levels of troponin T could
be the result of re-expression of fetal troponin T in myopathic
skeletal muscles (20).

The second potential source can be silent myocardial inju-
ries or microinfarcts, which are not detected by convential in-
vestigations. Microinfarctions in these patients could be the re-
sult of silent ischemia, increased preload and nonischemic myo-
cardial injury due to uremic toxins (19).

The next potential mechanism of elevated troponin T is the
lack of clearence of cardiac troponins from the blood or alter-
ations of their metabolism by nonfunctional kidneys (21). Left
ventricular hypertrophy seems to be another cause of increased
concentrations of troponin T in patients with ESRD. Mallamaci
found the correlation between cardiac troponin and left ventricular
hypertrophy in the dialysis patients, similarly Duman showed
the same correlation in persons on continuous ambulatory peri-
toneal dialysis (22, 23). The results of many studies on prognos-
tic significance of cardiac troponins are conflicting. In some stud-
ies, troponin T has a higher prognostic importance, in others,
troponin I was found to be more powerful for the prediction of

Tab. 1. Possible causes of cardiac troponin elevation in patients with
ESRD (according to Bozbas, 2006).

Uremic myopathy

Expression of fetal cardiac troponins in skeletal muscles
Altered protein clearence

Abnormal protein metabolism

Silent myocardial injury, microinfarctions

Uremic toxins, Left ventricular hypertrophy




cardiovascular events in the hemodialysis patients (24, 25, 26).
However, accordig to results of all these studies, the prevalence
of elevated levels of troponin T was more frequent than troponin
I and therefore seems to have a higher prognostic value.

Cardiac diseases are a major cause of death in patients with
ESRD, accounting for about 45 % of all deaths. In individuals
receiving hemodialysis, about 20 % of cardiac deaths are attrib-
uted to an acute myocardial infarction (27). Performed studies
suggested that in the absence of other signs and laboratory tests
typical for an acute coronary ischemia, troponin T is a powerful
predictor of mortality. So, increased levels of troponin in other-
wise asymptomatic dialysis patients can reflect a silent cardiac
ischemia or cardiomyopathy. Therefore, the US Food and Drug
Administration approved the measurement of troponin T in di-
alysis patients for the risk stratification (28).

B-type of natriuretic peptide

Natriuretic peptides are well-described family of hormones
with a major role in sodium and body volume homeostasis. Atrial
natriuretic peptide (ANP), B-type natriuretic peptide (BNP), C-
type natriuretic peptide (CNP) and D-type natriuretic peptide and
their prohormones constitute the main members of this family
The synthesis and release of these peptides are stimulated by
various derangements in systemic blood pressure as well as in-
creases in intracellular volume and sodium balance. However,
their major role is to induce natriuresis through their actions on
renal hemodynamics and tubular function (29). Other effects of
natriuretic peptides include vasodilation, inhibition of arginine
vasopressin release, and inhibition of aldosterone release. In
ESRD patients, their role in inducing natriuresis is limited (29).

Natriuretic peptides are responsible for the increase in extra-
cellular volume sensed by atrial (ANP) and ventricular (BNP)
stretch receptors (30).

Cardiovascular action of natriuretic peptides includes the
reduction of blood pressure and preload, and the reduction of
sympathetic tone in the peripheral vasculature (30). Natriuretic
peptides also have an important antifibrotic, antiproliferative and
anti-inflammatory properties and can act as local paracrine fac-
tors that antagonize the effects of the renin-angiotensin-aldos-
terone system. These actions could be important in subjects with
ESRD in whom natriuretic peptides are elevated but natriuresis
is severely reduced (29).

Levels of BNP and ANP are predictive of cardiovascular
outcome in patients with ESRD (31). BNP is a strong predictor
of adverse cardiovascular outcomes in persons with coronary heart
disease and in subjects with systolic dysfunction. This remark-
able high frequency of CKD (80—90 %) in these high risk popula-
tions suggest that these natriuretic peptides could be also useful
for estimating the cardiovascular risk in patients with CKD (29).

It was shown that monitoring of plasma BNP concentration
could be an advantageous method of screening for left ventricu-
lar dysfunction, especially in persons with a high cardiovascular
risk and the measurement of BNP is useful to guide the treat-
ment of heart failure (32).
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Conclusion

Among patients with CRF and ESRD, cardiac disease is the
single greatest cause of mortality accounting for nearly one half
of all deaths, and the mortality risk attributable to coronary heart
disease is about 100 times higher than in general population.
There is a strong and pervasive link between kidney failure and
cardiac diseases. It is important to recognize those patients who
are at the highest risk.

The alarming rate of cardiovascular events in the dialysis
patients demands an accurate risk stratification to identify indi-
vidulas at higher risk and therefore needing an intensive surveil-
lance and treatment. It is known, that ESRD patients are treated
much less intensively than they need to be treated. The limited
prognostic value of traditional risk factors in ESRD implied that
the attention should be focused also on other risk factors.

So, CRP could be an independent predictor of death in dia-
lysis patients. Up till now, there is no evidence either in general
population or in the dialysis population that lowering CRP lev-
els leads to the decrease of cardiovascular risk. This biomarker
conveys considerable prognostic information beyond traditional
risk factors. BNP is a sensitive guide of the presence of left ven-
tricular hypertrophy and left ventricular dysfunction in asymp-
tomatic individuals and such characteristic have been confirmed
in patients with ESRD. ADMA is a very important biomarker,
which reflects the effects of various risk factors on endothelial
function. Moreover, this substance is independently associated
with mortality and cardiovascular events in dialysis patients.
These biomarkers reflect a wide range of pathological processes
involving atherosclerosis and the risk for thrombosis.

Cardiovascular risk stratification is important in the clinical
management of patients with both CRF and ESRD, and biomar-
kers are increasingly used in these subjects.

Thus, CRP, BNP, ADMA and troponin can be involved in
the diagnostic and therapeutic strategies for the detection and
treatment of atherosclerotic complications and prevention of heart
failure in this population.
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