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Abstract: In modern laboratory diagnostics of cardiovascular diseases (CVD), there is 
a clear tendency toward an increase in the sensitivity of methods for determining key 
CVD biomarkers, among which highly sensitive cardiac troponins (hs-Tn) deserve special 
attention. The introduction of the latter into clinical practice made it possible not only to 
improve the early diagnosis of acute myocardial infarction but also to open up a number of 
additional valuable opportunities for the use of hs-Tn, including the assessment of the risk of 
developing CVD in a healthy population, detection and monitoring of early myocardial 
injuries in the early stages of CVD development (for example, with ischemic heart disease 
and arterial hypertension), with noncardiac pathologies (for example, sepsis, chronic obstruc-
tive pulmonary disease, chronic renal failure, stroke, cancer, etc), and diagnostics of CVD by 
using biological fluids that can be obtained by noninvasive methods. This article discusses in 
detail the diagnostic value of hs-Tn in serum and urine in cases of arterial hypertension. 
Also, the paper pays considerable attention to the consideration of the mechanisms under-
lying the increase in hs-Tn in serum and urine in cases of arterial hypertension. 
Keywords: CVD, hs-Tn, acute myocardial infarction, arterial hypertension, hypertensive 
crisis, noninvasive diagnostics, oral fluid, urine

Introduction
Troponin-tropomyosin complex (TTC) localized on thin filaments in cardiomyocytes 
of myocardium tissue and on myosymplasts of skeletal muscle tissue is the most critical 
regulator of contractile function.1,2 TTC includes four proteins (troponin T, troponin C, 
troponin I and tropomyosin), each of them has specific functions in the process of 
striated muscle contraction: troponin T, a tropomyosin-binding subunit, fixes the 
troponin complex on thin actin filaments; troponin C, a calcium-binding subunit, 
binds calcium ions entering the cytoplasm from the sarcoplasmic reticulum in contrac-
tion stimulation; troponin I, an inhibitory subunit, blocks adenosine triphosphate 
hydrolysis and prevents interaction of actin with myosin in the absence of calcium 
ions during muscle relaxation.3,4 The importance of these proteins in the regulation of 
myocardium contractile function is confirmed by the fact that even minor mutations 
leading to the change in only one or several amino acids in TTC proteins often cause 
contractile function disorder and development of hereditary cardiomyopathies.4–6 The 
amino acid composition of two TTC components (troponin T and troponin I) in 
myocardium and skeletal muscle tissues is different, while the amino acid structure 
of troponin C and tropomyosin is absolutely identical and does not allow using the 
latter as biomarkers of myocardial injury.7–9
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Clinical and diagnostic value of serum cardiac troponin 
(cTnT and cTnI) levels depends principally on the method 
of their determination and differs in previously used (low 
sensitive and moderately sensitive) and modern (high sen-
sitive and ultrasensitive, hs-cTnT and hs-cTnI) immunoas-
says for cTnT and cTnI determination rather 
significantly.10,11 Methods for cTnT and cTnI determina-
tion have been continuously developing since their crea-
tion in the late 1990s by two independent research groups 
led by Cummins et al and Katus et al, respectively.12–14 

While methods for cTnT and cTnI determination have 
developed, significant changes in our understanding of 
the biology and clinical and diagnostic value of these 
biomarkers have occurred.10,14,15 For example, first- 
and second-generation immunoassays conventionally 
referred to as low sensitive could detect only large focal 
acute myocardial infarctions, and the time of detection 
diagnostically significant cTnT and cTnI levels from the 
moment of chest pain onset was very significant (on aver-
age 12–24 h). Moreover these methods had a significant 
disadvantage in the form of cross (nonspecific) reactions 
of diagnostic antibodies (anti-cTnT and anti-cTnI) with 
skeletal troponin molecules that led to false positive results 
in some patients with skeletal muscle injuries (in different 
hereditary and acquired musculoskeletal myopathies)16,17 

or after extreme physical stress.18,19 Perhaps this circum-
stance is essential in the developing of likely erroneous 
hypotheses regarding the extracardiac expression of car-
diac troponins in skeletal muscles.20–24 Thus, Austrian 
researchers Schmid et al did not confirm data on extra-
cardiac cTnT and cTnI expression in skeletal muscle sam-
ples obtained from patients with hereditary and acquired 
musculoskeletal myopathies in the recent study.25 

Although many previous research groups including 
Apple et al,20 Ricchiutti et al,21 Messner et al,22 

McLaurin et al,23 and Jaffe et al24 consistently noted 
extracardiac expression in human striated skeletal muscles 
and the possibility of increased cTnT and cTnI levels due 
to damage of exactly skeletal muscles but not of myocar-
dium. Although the recent study of Schmid et al did not 
confirm the hypothesis of possible extracardiac cTnT and 
cTnI expression, they identified a rather important problem 
included cross-reactivity of modern anti-cTnT and anti- 
cTnI antibodies (which are key components of highly 
sensitive immunoassays) with skeletal troponins that led 
to false positive increase of hs-cTnT and hs-cTnI levels in 
patients without cardiovascular diseases (CVD). It is quite 
remarkable that cross-reactivity is significantly more 

specific for hs-cTnT (levels are increased in almost 70% 
of patients with musculoskeletal myopathies) and less 
specific for hs-cTnI (levels are increased only in 4% of 
patients with musculoskeletal myopathies).25 Thus, the 
problem of cross (nonspecific) reactivity remained even 
in the most modern troponin immunoassays that indicates 
the need for additional research to specify the causes of 
this phenomenon and its correction. At the same time, 
more detailed attention should also be paid to the design 
and results of the study conducted by Schmid et al25 

according to which most of the examined patients with 
elevated hs-cTnT level had hereditary myopathies which 
are characterized by genetic mutations in the composition 
of proteins, sarcomere including TTC components. 
Mutations (by the type of amino acid substitution or dele-
tion) in protein molecules that affect antigenic epitopes 
can lead to the change both in the functioning of protein 
molecules and in the change of antigen-antibody interac-
tion which is a key step in the immunoassay.13 It can be 
assumed that some of the false positive reactions may be 
due to a similar phenomenon.

Although the absolute cardiac specificity of cardiac 
troponins is beyond doubt in most researchers, there are 
many reasons and mechanisms for increased cardiac tro-
ponins levels in noncardiac and systemic conditions, both 
physiological and pathological ones. On the one hand this 
circumstance can complicate the differential diagnosis of 
AMI from these conditions, but on the other hand, it opens 
up additional diagnostic possibilities for use in practical 
medicine.9,26–28 Currently all reasons of increased cardiac 
troponins that are not associated with AMI can be con-
ditionally divided into three groups (Figure 1). And it 
should be noted that just the highly sensitive methods for 
troponin determination revealed a significant part of these 
reasons of increased cTnT and cTnI.

Our understanding of troponin biochemistry/biology 
has changed significantly with the improvement of tropo-
nin immunoassays. For example, before the appearance of 
highly sensitive immunoassays, cTnT and cTnI were con-
sidered strictly intracellular molecules whose detection in 
blood serum was considered as a key diagnostic criterion 
for AMI.7–9 With the appearance of the first highly sensi-
tive immunoassays in 2007–2010, cardiac troponins began 
to be detected in a significant number (more than 50%) of 
healthy individuals examined (using highly sensitive first 
generation immunoassays). The subsequent improvement 
of highly sensitive immunoassays led to even more sig-
nificant increases in sensitivity and these immunoassays 
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were designated as highly sensitive second, third genera-
tion immunoassays and, finally, the most modern immu-
noassays are also called ultrasensitive immunoassays 
(Table 1). The latest methods are ways to detect practically 
single molecules in the blood serum of all examined com-
pletely healthy patients that allows consideration cTnT and 
cTnI molecules as products of normal metabolism of 
cardiomyocytes.9,29–31 However, this statement is only 
true if serum hs-cTnT and/or hs-cTnI levels are less than 
the 99th percentile (upper limit of normal) whereas above 
the 99th percentile, hs-cTnT and hs-cTnI levels may indi-
cate the presence of any acute or chronic pathological 
process involving myocardial tissue. Highly sensitive 
immunoassays also revealed the dependence of hs-cTnT 
and hs-cTnI levels on the gender and age characteristics of 
patients that are proposed to be taken into account in 
modern algorithms for AMI diagnosis.9,32–34 The informa-
tion on the existence of circadian rhythms for hs-cTnT and 
hs-cTnI according to which morning concentrations are 
higher than evening ones35–37 that some researchers con-
sider to be due to increased activity of the sympathicoa-
drenal, hypothalamic-pituitary-thyroid and coagulation 
systems in the morning36 which is an evolutionally devel-
oped adaptive mechanism for the waking period is quite 
remarkable.37,38 At the same time, cases have been 
described according to which circadian fluctuations in hs- 

cTnT levels can even affect AMI diagnosis.39,40 In the 
study design analysis by van der Linden et al, it was 
suggested that the degree of circadian fluctuations in hs- 
cTnT and hs-cTnI may be affected by concomitant 
(comorbid) pathologies, in particular, chronic renal failure 
(CRF).39 Taking into account the high prevalence of 
patients with comorbid pathologies,41 the significance of 
hs-cTnT and hs-cTnI circadian rhythms effect on AMI 
diagnosis can be very significant. Thus, further larger 
studies are required to establish the potential exact effect 
of hs-cTnT and hs-cTnI circadian rhythms on AMI diag-
nosis and the subsequent reflection of these features in 
modern diagnostic algorithms, if confirmed.

It should be also noted that due to modern methods for 
hs-cTnT and hs-cTnI determination new diagnostic possibi-
lities for the use of these biomarkers in practical medicine 
have opened up. In particular, it has been demonstrated that 
hs-cTnT and hs-cTnI levels can be used to assess the risk of 
CVD (AMI, stroke, heart failure) (Table 2),42,43 to establish 
the prognosis for patients with both heart disease (myocardi-
tis, endocarditis, cardiomyopathies)44–46 and noncardiac 
nosologies (chronic renal failure, sepsis, pulmonary embo-
lism, chronic obstructive pulmonary disease, stroke, oncolo-
gical diseases and others),26–28,47,48 identification of latent 
forms of coronary heart disease (CHD) using stress tests 
(physical or pharmacological stress) with subsequent 

Figure 1 The main reasons of increased blood serum cardiac troponins which may not be associated with AMI.9,26–29
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assessment of troponin levels,49 monitoring the degree of 
myocardial damage during cardiac toxic antitumor 
chemotherapy50,51 as well as in sports medicine/cardiology.52

One of the significant reasons for increased cardiac 
troponins deserving special attention is arterial hyperten-
sion (AH). In an extremely abundant number of review 
articles devoted to discussion of the prognostic value of 
hs-cTnT and hs-cTnI in many of the above cardiac and 
noncardiac conditions, insufficient attention is paid to such 
an important pathology as AH. It should be noted that 
there are currently no separate review articles devoted to 
detailed discussion of the diagnostic/prognostic signifi-
cance of hs-cTnT and hs-cTnI and potential mechanisms 
of cardiac troponin molecule release from the myocardium 
in hypertension.

The aim of this review is to consider clinical and 
diagnostic value of hs-cTnT and hs-cTnI in human body 
fluids in AH as well as the potential mechanisms on which 
the increase in hs-cTnT and hs-cTnI concentration in 
hypertension is based.

According to modern data, hypertension has a huge 
impact on the risk of cardiovascular morbidity, mortality, 
and quality of life of patients worldwide.53,54 It was found 

that AH is the cause of occurrence of approximately 54% 
of stroke cases and 47% of CHD cases in patients 
annually.55 In 2013, the World Health Organization 
(WHO) recognized AH as the leading risk factor asso-
ciated with mortality worldwide.56 At the same time, the 
prevalence of AH in the general population may be much 
higher than is currently believed, and many patients with 
high blood pressure (BP) may often be unaware about it 
and not receive appropriate treatment that raises particular 
fears among practitioners and researchers. In some cases, 
blood pressure levels can reach very high numbers, and 
patients may not even know about it. For example, in the 
study conducted by Caligiuri et al, they found that 
approximately 50% of people from the general population 
have elevated blood pressure while in 2% of them blood 
pressure levels were higher than 180/110 mmHg and at the 
same time they did not receive antihypertensive drugs 
because they did not know about their hypertensive 
status.53

Cardiac Troponins in Arterial 
Hypertension: Clinical Study Data
As noted above, the reasons and mechanisms for increased 
hs-cTnT and hs-cTnI are extremely variable and in most 
cases they do not always indicate the presence of AMI. 
Thus, in a large retrospective study conducted by Lindner 
et al, the main reasons for increased hs-cTnT in patients 
(n=1573) who were admitted to the emergency department 
with complaints of chest pain and suspected AMI were 
analyzed. However, only in slightly more than 10% (175 
patients) of them AMI was subsequently diagnosed, and 
1389 admitted patients had other causes of increased hs- 
cTnT not related to AMI. The analysis of reasons for the 

Table 2 Levels of hs-cTnI for Stratification of CVD Risk in 
the General Population43

Сardiovascular 
Risk

The Concentration 
of hs-cTnI in the 
Serum of Men

The Concentration 
of hs-cTnI in the 

Serum of Women

Low <4 ng/L <6 ng/L
Moderate 4–10 ng/L 6–12 ng/L

High >10 ng/L >12 ng/L

Table 1 Classification of Troponin Immunoassays According to Their Sensitivity

Classification of Immunoassays According to Their 
Sensitivity

Lower Detection Limit 
(Minimum Detectable 
Concentration) of 
Cardiac Troponins, ng/L

The Number of Examined Healthy 
Patients in Whom Cardiac Troponins 
are Determined (Above 0 ng/L but 
Not More Than 99th Percentile), %

Low sensitive immunoassays 500–1000 ng/L 0%

Moderately sensitive immunoassays 50–100 ng/L Less than 50%

Highly sensitive 1st generation immunoassays Dozens ng/L 50–75%

Highly sensitive 2nd generation immunoassays Dozens ng/L 75–95%

Highly sensitive 3rd generation immunoassays Several ng/L More than 95%

Highly sensitive 4th generation immunoassays (ultrasensitive) Less than 1 ng/L 99–100%
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increase showed that the most significant included the 
following: chronic renal failure, cerebral ischemia, heart 
failure, pulmonary embolism, myocarditis, AH. And in 
30% of cases, the authors failed to establish the cause of 
increased hs-cTnT.57 It can be assumed that some of these 
cases were due to false positive results and subclinical 
myocardial damage in a number of other nosologies. In 
recent analyses performed by Long et al58 and Masri et al59 

AH is also mentioned as the significant cause of increased 
cardiac troponins not related to AMI although potential 
mechanisms of hs-cTnT and hs-cTnI increase in AH are 
not discussed.

Several studies have shown that in patients without 
CVD, hs-cTnT and hs-cTnI levels precede the develop-
ment of AH and structural changes in the heart associated 
with AH.60–63 Thus, even early prehypertensive conditions 
can cause early structural (subclinical) changes in the heart 
such as left ventricle hypertrophy (LVH) providing poten-
tial opportunities for initiating preventive measures in 
revealing LVH.60 Chronic subclinical myocardial damage 
which is well detected by modern highly sensitive troponin 
immunoassays are also early risk factors for AH develop-
ment in the general population. A large study conducted 
by McEvoy et al included 6516 healthy subjects without 
signs of CVD, baseline concentrations were associated 
with the risk of AH and LVH during a six-year follow- 
up period.61 This study emphasizes the possibility of using 
hs-cTnT levels as laboratory biomarkers for assessing the 
risk of AH development which will identify those patients 
who should undergo a set of therapeutic and prophylactic 
measures to prevent AH and further dangerous cardiovas-
cular complications following AH. According to the study 
conducted by çar et al hs-cTnT levels in patients with AH 
and prehypertensive status are associated with LVH and 
worsening of geometric echocardiographic parameters of 
the left ventricle including left ventricular mass index and 
left ventricle wall thickness.63

According to some studies, AH can directly damage 
cardiomyocytes and cause an increase in cardiac troponin 
levels determined by highly sensitive methods. Thus, 
Harvell et al, noted that AH is the fourth leading cause 
of hs-cTnI increase after such conditions as AMI, infec-
tious diseases and chronic renal failure.64 In 
a retrospective study conducted by Afonso et al which 
included 576 patients, it was found that hs-cTnI level is 
increased in 32% of patients with AH. Average peak 
serum concentrations of cardiac troponin I were 4.06 
±14.6 ng/mL. The authors also found that patients with 

AH and increased hs-cTnI levels had a lower left ventri-
cular ejection fraction, increased heart rate and a higher 
prevalence of diabetes mellitus compared to the patients 
with AH and with normal hs-cTnI levels.65

According to the literature, approximately 1–2% of 
patients will develop AH hypertensive crisis (HC) during 
their lifetime.66 At HC, the levels of systolic and diastolic 
blood pressure exceed 180 and 120 mmHg correspond-
ingly creating a high threat to the life of patients. It has 
been shown that without drug treatment, the mortality rate 
in HA is 70% and 90% within one year and five years, 
respectively.67 Moreover, among all target organs, the 
most frequently affected tissue is the myocardium which 
can be detected using highly sensitive methods for deter-
mination of cardiac troponins. Thus, in the recent study 
Acosta et al found that 15% of patients with HA had an 
increase in hs-cTnT concentration above diagnostic thresh-
old (99th percentile) for AMI (>15 ng/L).68 Increased 
cardiac troponins in HA predict long-term adverse cardio-
vascular outcomes. So, according to Pattanshetty et al 
major adverse cardiac or cerebrovascular events 
(MACCE) (AMI, unstable angina, HC, pulmonary 
edema, stroke) developed during the two-year follow-up 
period much more often in those patients with HC who 
had increased hs-cTnI level (71%) compared to patients 
with hs-cTnI level within the normal range (38%). In 
addition, patients with increased hs-cTnI levels were also 
more likely to have obstructive CHD (odds ratio (OR) 
8.97; 95% confidence interval (CI):=1.4–55.9; P<0.01).69 

In another retrospective cohort study, which included 929 
patients with HC, an increased hs-cTnI level was recorded 
in about one third of patients. At the same time, in patients 
with increased hs-cTnI levels such adverse events as myo-
cardial infarction (66% vs 34%; OR: 4.74; 95%CI: 2.74– 
8.20; P<0.001) and pulmonary edema (50% vs 30%; OR: 
2.31; 95%CI: 1.24–4.30; P=0.007) developed more often. 
Even after adjusting for relevant covariates (gender, race, 
history of diabetes mellitus, heart failure, CRF, and CHD), 
the predictive value of hs-cTnI in detection remained 
significant.70 According to another study conducted by 
Omondi et al, the prevalence of increased cTnT levels in 
patients with HC is 7%. At the same time, during the 
average six-month and one-year follow-up periods mortal-
ity in the group of patients with increased cTnT level was 
27% and 32%, respectively, while in the group of patients 
with normal concentration of cTnT it was only 5% and 
8%, respectively. According to statistical analysis, patients 
with HC and increased cTnT have a higher risk of death 
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within six months (OR: 6.4; 95%CI: 2.1–19.2) and within 
one year (OR: 3.7; 95%CI: 1.4–9.8) compared to patients 
with normal cTnT levels.71

Thus, cTnT and cTnI determined using modern high 
sensitive and ultrasensitive immunoassays allowed detec-
tion of minor and subclinical myocardial damage during 
prehypertensive status (before AH development), actually 
in AH and HC. At the same time, increased hs-cTnT and 
hs-cTnI levels have a high prognostic value allowed the 
identification of those patients with AH and HC who 
required a more thorough examination and the use of 
a complex of therapeutic and prophylactic measures to 
reduce the risk of developing dangerous adverse conse-
quences and complications in future.

Potential Mechanisms on Which 
Increased hs-cTnT and hs-cTnI 
Levels in Human Body Fluids are 
Based in AH
In general, the following potential mechanisms of hs-cTnT 
and hs-cTnI increase in body fluids in AH and HC can be 
identified: (1) activation of the processes of programmed 
cell death (apoptosis) caused by excessive distension of 
myocardial tissue and increased activity of the adrenergic 
system; (2) activation of the processes of proteolytic 
degradation of cTnT and cTnI molecules by various 
enzymes in cardiomyocytes and in blood serum; (3) 
increased membrane permeability of cardiomyocytes due 
to myocardial overload and/or membrane protein–lipid 
components damage by proteases; (4) the effect of blood 
pressure on the processes of cTnT and cTnI elimination 
from blood serum by filtration in the kidneys and func-
tional activity of the liver; (5) increased myocardial hyper-
trophy due to increased blood pressure and increased 
release of molecules from cardiomyocytes; (6) stress/ten-
sion of the left ventricle wall.

Activation of the Processes of 
Programmed Cell Death (Apoptosis) 
Caused by Excessive Distension of 
Myocardial Tissue and Increased Activity 
of the Adrenergic System
According to a number of experimental studies, AH and HC 
increase the load on the myocardium causing distension of its 
walls that can activate apoptosis of cardiac myocytes. Thus, in 
the experimental study Cheng et al demonstrated that 

distension of the myocardial walls is closely related to the 
activation of the programmed cell death processes through 
increased oxidative stress (generation of reactive oxygen and 
nitrogen species) and increased expression of the apoptosis 
regulator—Fas protein.72 Another mechanism that can 
enhance the processes of cardiomyocyte apoptosis in AH and 
HC is excessive activation of the adrenergic system. Several 
experimental in vitro studies on isolated cultured cardiomyo-
cytes have shown that stimulation of beta-adrenergic receptors 
with norepinephrone73,74 and isoproterenol75 initiates apopto-
tic signals in cardiomyocytes by cAMP-dependent and NF2- 
dependent mechanisms, respectively.73–75 Apoptosis of cardi-
omyocytes can lead to significant increase of cTnT and cTnI 
levels even in the absence of necrotic processes. The experi-
mental work showed that a short-term overload of the left 
ventricle with pressure simulated by intravenous administra-
tion of phenylephrine to laboratory pigs caused an increase in 
apoptotic processes but there were no signs of necrosis. It is 
noteworthy that hs-cTnT level already exceeded the upper 
limit of the 99th percentile 30 min after phenylephrine admin-
istration, and after one hour troponin T concentration was very 
high (856±956 ng/L) and further continued to increase some-
what more slowly reaching 1.462±1.691 ng/L 24 h after start of 
the experiment.76 It is important to note that the strong 
dynamics of increased hs-cTnT levels in the first hour in this 
experiment differs from the dynamics of increased serum 
troponin levels in AMI. This is due to the fact that in the 
absence of the coronary bed block cTnT molecules enter the 
general circulation faster in contrast to persistent occlusion of 
the coronary vessels, which is specific to AMI in the first hour. 
A strong rise of cardiac markers including troponin T is pos-
sible in the case of coronary vessel recanalization (“washout” 
phenomenon).

Activation of the Processes of Proteolytic 
Degradation of cTnT and cTnI Molecules 
by Various Enzymes in Cardiomyocytes 
and in Blood Serum
One of the potential mechanisms of cTnT and cTnI molecules 
release in AH is the process of proteolytic degradation that 
causes fragmentation of cTnT and cTnI molecules into such 
small fragments that presumably they can pass through an 
intact cell membrane. Thus, it has been shown that mechanical 
distension of cardiomyocytes caused by pressure and/or 
volume overload triggers a cascade of intracellular signals 
leading to the activation of a number of intracellular protei-
nases including matrix metalloproteinase-2 (MMP-2) and 
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matrix metalloproteinase-14 (MMP-14).77,78 These enzymes 
break down the cTnI molecule in cardiomyocytes into smaller 
fragments79,80 facilitating their release into the extracellular 
space through the integral cardiomyocyte membrane.

Moreover, in addition to MMP-2 and MMP-14, the 
enzyme calpain-1 may be responsible for the proteolytic clea-
vage of cTnI molecule. Experimental study on Langendorff 
isolated heart model demonstrated that an increase of myocar-
dial preload activates calpain-mediated proteolysis of cTnI 
molecule independently from myocardial ischemia. Specific 
inhibition of enzyme calpain-1 and elimination of preload 
prevented proteolytic degradation of cTnI.81,82

Hypothetically, the concentration of cardiac troponins 
in AH and HC may be changed due to the processes of 
extracellular cleavage of cTnT and cTnI molecules. In the 
recent study Russian biochemists Katrukha et al83 found 
that serum enzyme thrombin causes proteolytic degrada-
tion of the intact cTnT molecule into two fragments. 
Taking into account the fact that patients with AH and 
HC often have an increased activity of blood coagulation 
system enzymes including thrombin,84,85 we can talk 
about the potential influence of this mechanism on the 
proteolytic degradation of cTnT molecule. The processes 
of troponin cleavage in cardiomyocytes77–82 and in blood 
serum83 described above will lead to changes in the com-
position and availability of some antigenic determinants of 
cTnT and cTnI molecules to which diagnostic anti-cTnT 
and anti-cTnI antibodies can be targeted that will change 
serum concentration of cardiac troponins. Moreover, the 
use of drugs that affect the activity of the enzyme throm-
bin, in particular anticoagulant agents, can also potentially 
affect cardiac troponin levels. Perhaps, this circumstance is 
one of the main factors causing differences in cTnT and 
cTnI concentrations which can be obtained at testing the 
same serum using different testing systems in which diag-
nostic anti-cTnT and anti-cTnI antibodies are targeted to 
different epitopes of cTnT and cTnI molecules. In addi-
tion, the fragmentation of full-size cTnT and cTnI mole-
cules into smaller compounds can enhance their 
elimination into urine and oral fluid through the renal 
and blood salivary barriers, respectively. On the one 
hand more rapid fragmentation and elimination of tropo-
nins can reduce the diagnostic value of blood serum tro-
ponins in the use of some diagnostic testing systems, and 
on the other hand, this mechanism opens up new diagnos-
tic possibilities for determination cTnT and cTnI in urine 
and oral fluid that will be discussed later in this paper.

Increased Membrane Permeability of 
Cardiomyocytes Due to Myocardial 
Overload and/or Membrane Protein–Lipid 
Components Damage by Proteases
Membrane permeability of cardiomyocytes is an important 
factor determining the potential of the release of small mole-
cules localized in the cytoplasm of myocytes into extracel-
lular fluid and blood serum. In addition to the structural pool 
of cardiac troponins (localized within the TTC and perform-
ing a regulatory function), there is a nonstructural (unbound) 
pool of troponins in the cytoplasm of cardiomyocytes. The 
nonstructural troponin pool contains on average 6–8% cTnT 
and 3–8% cTnI of the total mass of troponin proteins in the 
cell, and these molecules are not involved in myocardial 
contraction.86 According to current opinion, cTnT and cTnI 
molecules which are the part of the nonstructural pool of 
troponins can be freely released in small amounts in com-
pletely healthy patients providing a normal (less than 99th 
percentile) baseline blood serum concentration. At minor and 
reversible damage of cardiomyocytes which, for example, 
can be observed during psychoemotional stresses87 and pro-
longed/high sports activity,88 the degree of molecule release 
from the nonstructural pool of troponins can exceed the 
upper limit of the 99th percentile by three-to-five times.

Integrin proteins, transmembrane glycoprotein receptors 
that bind the extracellular matrix to the intracellular cytos-
keleton, play an important role in the regulation of the 
membrane permeability of cardiomyocytes and regulation 
of proteolytic degradation of cTnT and cTnI molecules. 
Thus, Hessel et al found that myocardium overloading 
leads to its distension and subsequent activation of integrins 
functioning as mechanotransducers.89 The activation of 
integrins causes an increase of enzymes MMP-2 and cal-
pain-1 activity leading to proteolytic cleavage of cTnI and an 
increase in the release of the nonstructural pool due to an 
increase of membrane permeability.89

The Effect of Blood Pressure on the 
Processes of cTnT and cTnI Elimination from 
Blood Serum by Filtration in the Kidneys and 
Functional Activity of the Liver
The functional state of kidneys plays an important role in the 
laboratory diagnostics of many diseases including CVD since 
kidneys are actually involved in the elimination of those bio-
markers that are used in laboratory diagnostics. As a rule the 
decrease of the functional activity of renal filtration leads to 
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increased concentration of laboratory biomarkers including 
cardiac troponins in patients without signs of CVD.90,91 

Thus, the degree of cTnT and cTnI concentration increase 
depends both on the release from cardiomyocytes and on the 
mechanisms of elimination. Blood serum concentration of 
molecules can accumulate to extremely high values depending 
on the degree of glomerular filtration rate (GFR) decrease even 
in patients without signs of myocardial damage.92,93 Thus, it 
has been shown that lower GFR is associated with higher levels 
of hs-cTnT.93 However, according to some studies, the possi-
bility of cardiac troponin elimination through the renal filter 
was considered unlikely since cTnT and cTnI were detected in 
the urine of a small number of patients.94,95 However, in these 
studies, moderately sensitive methods for troponin determina-
tion the sensitivity of which, apparently, was insufficient for 
detection of cTnT and cTnI molecules in urine were used. With 
the development of immunoassays and the emergence of 
highly sensitive methods for cTnT and cTnI determination, 
our ideas about clinical and diagnostic value of troponins in 
urine changed and renal mechanism of troponin elimination 
was finally confirmed. In particular, in the study by Pervan 
et al, they found hs-cTnI in the morning urine portion of all 
patients. Interestingly, mean urine hs-cTnI levels were signifi-
cantly higher in hypertensive patients than in the control group 
(26.59 pg/mL vs 14.95 pg/mL, P=0.045).96 Based on these 
results, it can be assumed that at higher blood pressure and 
GFR, the elimination of cTnT and cTnI molecules by renal 
filtration is enhanced which can be used for diagnostic 
purposes.

Moreover, the recent experimental study on rats 
showed that, in addition to the kidneys, liver plays an 
important role in troponin elimination from blood 
serum.97 Thus, impaired liver function will also potentially 
contribute to increased serum cTnT and cTnI levels. Since 
AH and liver pathologies have many common risk factors 
and pathogenetic mechanisms,98 and these pathologies 
often occur in combination in many patients, impaired 
liver function will also contribute to increased serum hs- 
cTnT and hs-cTnI concentrations in AH.

Increased Myocardial Hypertrophy Due 
to Increased Blood Pressure and 
Increased Release of Molecules from 
Cardiomyocytes
AH is accompanied by overload of the left ventricular 
myocardium and its gradual hypertrophy. Several studies 
showed that LVH correlates with hs-cTnT and hs-cTnI 

concentration62,63,99 thereby indicating a higher level of 
cardiac troponin molecules release from hypertrophic car-
diomyocytes. In addition, hs-cTnT and hs-cTnI levels are 
significantly higher in healthy men than in women100–102 

that is also explained by higher myocardial mass. Gender 
characteristics in serum hs-cTnT and hs-cTnI levels are 
specific for all highly sensitive methods used.102 Along 
with hs-cTnT and hs-cTnI, gender characteristics are also 
specific for another muscular biomarker (creatine phos-
phokinase, CPK),103,104 finally confirming the fact that 
during normal myocyte metabolism more cTnT, cTnI and 
CPK molecules are released into the blood serum in men 
than in women.

Stress/Tension of the Left Ventricle Wall
AH can also cause myocardial overload and increase the 
left ventricular wall stress that can lead to decrease of 
blood supply to the myocardial subendocardial layers and 
death of cardiomyocytes which is accompanied by 
increased cardiac troponin levels and decreased left ven-
tricular systolic function.105,106

On New Possibilities for Study 
hs-cTnT and hs-cTnI Levels in Body 
Fluids in AH and HC Obtained by 
Noninvasive Methods
In a number of CVDs including AMI, heart failure and AH 
it is possible to use human body fluids including oral fluid 
(saliva) and urine obtained by noninvasive methods as an 
alternative diagnostic approach.96,107–112 Several recent 
studies using modern immunoassays have shown that hs- 
cTnI107,108 and brain natriuretic peptide110 levels in the 
saliva of patients with AMI and heart failure are higher 
than in the control group, respectively. These works prove 
the existence of the mechanism for elimination of these 
cardiac markers molecules through the blood–salivary bar-
rier. Considering the fact that hs-cTnI level in the morning 
urine of patients with AH is significantly higher than in the 
urine of normotensive patients, and use of antihypertensive 
drugs leads to the normalization of urinary hs-cTnI con-
centrations, hs-cTnI measurement can be considered a new 
promising tool for diagnostics and monitoring of patients 
with AH and HC.96 In the recent study, urinary troponin 
levels may be predictive in patients with diabetes mellitus. 
Thus, hs-cTnI concentrations in morning urine more than 
4.1 pg/mL are associated with the risk of short-term 
adverse cardiovascular events. In outpatient setting, the 
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use of this noninvasive approach is more convenient and 
safer than testing serum.111 It has been shown that testing 
of hs-cTnT and hs-cTnI concentration in urine can be used 
in pregnant women to detect preeclampsia and myocardial 
damage. At the same time, researchers propose the devel-
opment of test strips for hs-cTnT and hs-cTnI detection in 
urine.112

The specific mechanisms by which cTnT and cTnI 
molecules pass through the three-layer renal filter (barrier) 
or hematosalivary barrier are not completely known and 
are controversial. The intact cTnT and cTnI protein mole-
cules are rather large compounds and therefore cannot 
easily pass through the structural components of the 
renal and hematosalivary barriers. However, cTnT and 
cTnI molecules are sensitive to the action of various pro-
teases (calpain-1, MMP, thrombin, and others) which 
cause their fragmentation into many fragments of lower 
molecular weight. Most likely these small fragments can 
freely pass through the pores of renal and hematosalivary 
barriers. Further clarification of these mechanisms of cTnT 
and cTnI fragmentation and elimination as well as identi-
fication of factors that affect these mechanisms is an 
important task and the subject of future research aimed 
to increasing clinical and diagnostic value of hs-cTnT and 
hs-cTnI in human body fluids.

Conclusion
Thus, due to the improvement of methods for cardiac tropo-
nin determination, new opportunities for the use of hs-cTnT 
and hs-cTnI in practical medicine have opened up. 
According to the clinical studies reviewed, arterial hyperten-
sion can be considered to be one of the most significant 
reasons of increased hs-cTnT and hs-cTnI. Increased hs- 
cTnT and hs-cTnI levels have a high predictive value that 
allowed the identification of those patients with prehyper-
tensive conditions, arterial hypertension and hypertensive 
crisis who have a high risk of adverse cardiovascular events 
in the short- and long-term. Based on the analysis of litera-
ture data, several mechanisms on which the increase of hs- 
cTnT and hs-cTnI in human body fluids are based in arterial 
hypertension: activation of apoptosis processes, increased 
membrane permeability of cardiomyocytes, increased pro-
cesses of intra- and extracellular proteolysis of cardiac tro-
ponin molecules, the effect of blood pressure on the 
processes of cardiac troponin molecules elimination by 
renal filtration and liver function, increased myocardial 
hypertrophy and left ventricular wall stress. A very interest-
ing direction of further studies is the clarification of the 

diagnostic value of hs-cTnT and hs-cTnI in body fluids 
obtained by noninvasive methods in arterial hypertension 
and a number of other cardiac and noncardiac pathological 
conditions that cause myocardial damage.
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