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Diagnosis of Myocardial Infarction
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Abstract

It is well known that the molecules of cardiospecific troponins T and I 
are localized in the troponin-tropomyosin complex of the cytoplasm of 
cardiac myocytes and, due to the specific localization, these cardiospe-
cific troponins are widely used as diagnostic biomarkers of myocardial 
infarction. Cardiospecific troponins are released from the cytoplasm 
of cardiac myocytes as a result of irreversible cell damage (for exam-
ple, ischemic necrosis of cardiomyocytes in myocardial infarction or 
apoptosis of cardiac myocytes in cardiomyopathies and heart failure) 
or reversible damage (for example, intense physical exertion, hyper-
tension, the influence of stress factors, etc.). Current immunochemi-
cal methods for determining cardiospecific troponins T and I have ex-
tremely high sensitivity to subclinical (minor) damage to myocardial 
cells and, thanks to modern high-sensitive methods, it is possible to 
detect damage to cardiac myocytes in the early (subclinical) stages of a 
number of cardiovascular pathologies, including myocardial infarction. 
So, recently, leading cardiological communities (the European Society 
of Cardiology, the American Heart Association, the American College 
of Cardiology, etc.) have approved algorithms for early diagnosis of 
myocardial infarction based on the assessment of serum levels of car-
diospecific troponins in the first 1 - 3 h after the onset of pain syndrome. 
An important factor that may affect early diagnostic algorithms of myo-
cardial infarction are sex-specific features of serum levels of cardiospe-
cific troponins T and I. This manuscript presents a modern view on the 
role of sex-specific serum levels of cardiospecific troponins T and I in 
the diagnosis of myocardial infarction and the mechanisms of forma-
tion of sex-specific serum levels of troponins.
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Introduction

Deaths from non-communicable diseases continue to grow 
steadily, which indicates the insufficient quality of current clini-
cal strategies (preventive and therapeutic measures) for man-
aging patients with these diseases [1-3]. Thus, according to a 
recent major study of the global burden of disease (GBD), the 
largest number of deaths from non-infectious diseases were es-
timated for cardiovascular diseases (17.8 million (95% confi-
dence interval (CI): 17.5 - 18.0) deaths), followed by neoplasms 
(9.56 million (95% CI: 9.4 - 9.69) deaths) and chronic respira-
tory diseases (3.91 million (95% CI: 3.79 - 4.04) deaths. At a 
global level, total deaths from cardiovascular diseases increased 
by 21.1% (95% CI: 19.7 - 22.6) between 2007 and 2017. Deaths 
from coronary heart disease and its main clinical forms, includ-
ing myocardial infarction, increased from 7.3 (7.22 - 7.46) mil-
lion deaths to 8.93 (8.79 - 9.14) million deaths between 2007 
and 2017 [1]. According to the Russian cardiological communi-
ties (Eurasian Association of Cardiologists, Russian Society of 
Cardiologists), the highest mortality rates of patients from acute 
coronary syndrome among European countries are recorded in 
Russia, Ukraine, Belarus, Bulgaria and Lithuania. Among the 
European countries, the hospital mortality rate ranges from 6% 
to 14%, while in Russia the mortality rate was 18.6% and 17.7% 
in 2015 and 2016, respectively [4, 5]. Prevalence of acute coro-
nary syndrome is lower among women than among men. Thus, 
the proportion of women among patients with acute coronary 
syndrome, according to the Russian RECORD-3 register for 
2015, was 39%. Among patients with myocardial infarction 
with and without ST elevation, women also constituted a minor-
ity of 32% and 44%, respectively [5].

Since chest pain may be the first clinical sign of acute 
coronary syndrome, its early determination is associated with 
the improved clinical outcomes. At the same time, quick ex-
clusion of the diagnosis of myocardial infarction can reduce 
costly hospitalizations and prevent unnecessary, expensive and 
potentially dangerous procedures [6, 7].

Current Russian (Russian Society of Cardiology) [8, 9] 
and foreign (European Society of Cardiology, American Heart 
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Association, American College of Cardiology) guidelines [6, 
10] recommend the use of cardiospecific troponin tests as the 
“gold standard” for diagnosing myocardial infarction. This is 
due to their high cardiospecificity (localization only in cardiac 
myocytes) [11, 12], diagnostic and prognostic value in fore-
casting myocardial infarction in case of acute conditions and 
the risk of all-cause mortality and cardiovascular events in the 
general population [13, 14].

Due to differences in the prevalence of acute coronary syn-
drome and in the degree of increase in cardiospecific troponin lev-
els in men and women at the early stages of diagnostics, several 
authors propose the sex-based approach to the early diagnostics 
of acute coronary syndrome [15, 16]. However, to date, this ap-
proach is not sufficiently covered in a number of guidelines and 
there are no specific recommendations for the diagnosis of acute 
coronary syndrome depending on the sex identity. This is largely 
due to the inconsistency of the results of clinical studies performed 
in this regard. In addition, the specific physiological mechanisms 
underlying the formation of sex-based variations in serum levels 
of cardiospecific troponins have not been established.

This manuscript presents a modern view on the role of 
sex-specific serum levels of cardiospecific troponins T and I in 
the diagnosis of myocardial infarction and the mechanisms of 
formation of sex-specific serum levels of troponins.

Cardiospecific Troponins: Biochemistry and 
Physiological Role

The cardiospecific troponin complex regulates striated muscle 
contraction and consists of three subunits: troponin C, T, and 
I, which are designated according to their functional signifi-

cance. Troponin C (the calcium-binding subunit) binds to cal-
cium ions, which initiates conformational changes in the car-
diospecific troponin complex and tropomyosin, leading to the 
opening of myosin-binding sites on the actin molecule. Sub-
sequently, the myosin head interacts with the myosin-binding 
sites, resulting in the formation of transverse (actin-myosin) 
bridges. Troponin T binds to tropomyosin, attaching the car-
diospecific troponin complex to the thin (actin) sarcomere 
filaments. Cardiospecific troponin I binds to actin and reduces 
the affinity of troponin C for calcium, thereby inhibiting actin-
myosin interactions [17, 18].

The most part of the cardiospecific troponins (approxi-
mately 90-95%) is associated with myofilaments, and a small 
concentration (5-10%) is in a free state in the cytosol (Fig. 1). 
After the loss of membrane integrity of cardiac myocytes, car-
diospecific troponin is initially released from the cytosol into 
the cardiac interstitium and then into the peripheral blood. Tro-
ponins T and I are present in cardiac and skeletal muscles and 
are encoded by different genes in each muscle type, resulting 
in two immunochemical different products. Laboratory diag-
nostic studies are based on the use of high-affinity antibodies 
that are specific for cardiospecific troponin T and cardiospe-
cific troponin I, and not for troponin C, since it is identical in 
both muscles [18-20].

High-Sensitive Cardiospecific Troponins: Char-
acteristics of Detection Methods and Important 
Analytical Parameters

Since Katus et al described the first test to measure cardiospe-
cific troponin in 1991 [21], an extremely long journey has been 

Figure 1. Distribution of cardiospecific troponins in the cytoplasm of cardiac myocytes.
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made from the development to the introduction of high-sensi-
tive troponin tests into clinical practice and the emergency care 
department [22, 23].

The use of high-sensitive cardiospecific troponin labora-
tory diagnostic tests is an important step forward due to their 
high sensitivity to cardiac myocytes necrosis, as they are able 
to determine cardiospecific troponin concentrations approxi-
mately 10 - 100 times lower than conventional tests, leading to 
more accurate and timely diagnostics [24, 25].

According to the International Federation of Clinical 
Chemistry (IFCC) guidelines, two criteria are used to define 
this new generation of (high-sensitive) cardiospecific troponin 
tests: 1) the coefficient of variation at the 99th percentile value 
should be 10% or less (the most optimal immunoassays), al-
though tests with the error of more than 10% and 20% or less 
are still considered clinically acceptable; 2) the concentration 
of cardiospecific troponins should be above the minimum de-
terminable concentration (limit of detection (LoD)) in more 
than 50% of healthy individuals [22, 26, 27].

New laboratory diagnostic tests allow to conduct earlier 
diagnostics and to quickly exclude myocardial infarction due 
to high sensitivity [28]; however, the second key immunoassay 
criterion, specificity, is affected significantly. Clinically, this is 
expressed by the presence of a wide range of other troponin-
positive non-cardiac and cardiac conditions other than myo-
cardial infarction [29, 30]. Although not all mechanisms of 
elevation of cardiospecific troponin levels are known, in some 
conditions, this may be due to a decrease in oxygen supply to 
the myocardium, and it is not clear whether the damage is al-
ways irreversible, which inevitably leads to cardiac myocytes 
necrosis, or whether some diseases can cause reversible dam-
age [31-34]. The main conditions (physiological and patho-
logical) that cause an increase in the levels of cardiospecific 
troponins are shown in Table 1 [29-34].

Currently, all available high-sensitive methods for de-
termining cardiospecific troponins have a single diagnostic 
threshold value for acute coronary syndrome diagnostics, 
based on the value of the 99th percentile, which is calculat-
ed for a healthy population [27, 35]. However, this threshold 
value can vary significantly depending on the methodology 
for determining (manufacturer) cardiospecific troponins [35, 

36]. According to the IFCC, the main manufacturers of high-
sensitive immunochemical reagent kits for determining cardio-
specific troponins are: Abbot (USA), Beckman Coulter (USA), 
bioMerieux (France), ET Healthcare (China), LSI Medience 
(Japan), Fujirebio (Japan), Ortho Clinical Diagnostics (USA), 
Quidel/Alere (USA), Roche (Switzerland), Siemens (Germa-
ny), etc. (Table 2 [35]).

The additional important diagnostic advantage of high-
sensitive tests for immunochemical determination of cardio-
specific troponins is the ability to determine cardiac myocytes 
damage at the subclinical level, which can be used to monitor 
and assess the prognosis of patients suffering from a number 
of chronic pathologies, including coronary heart disease [37], 
during the treatment of oncological diseases by using chemo-
therapeutic compounds, which are characterized by cardiotox-
icity [38-40], as well as chronic obstructive pulmonary disease 
[41, 42], chronic kidney disease [43, 44], diabetes mellitus 
[45], arterial hypertension [46], etc.

An important advantage of modern high-sensitive cardio-
specific troponin immunotests is the ability to detect cardio-
specific troponin molecules in noninvasively obtained biologi-
cal material (oral fluid, urine, sweat) [47-51]. When receiving 
these biomaterials, a number of advantages can be noted: 
non-invasiveness, atraumatic, painless, no specially trained 
medical personnel is required, the ability to conduct prelimi-
nary diagnostics at home (test strips). Therefore, this method 
will allow for the diagnosis of diseases in a non-invasive way. 
However, to date, this is a little-studied and controversial area 
that requires further research to confirm these possibilities [52, 
53].

Sex Specificities of Cardiospecific Troponin 
Levels

Sex specificities of levels are characteristic of a number of 
laboratory analytes (red blood cell (RBC) count, hemoglobin, 
creatinine levels, etc.), which is widely used in modern clinical 
practice. As for cardiac markers, for the first time information 
about the sex specificities of laboratory tests was found during 

Table 1.  Main Causes of Cardiac Myocytes Damage (Physiological and Pathological) and Increased Concentration of Cardiospe-
cific Troponins [29-34]

Nature of cardiac myocytes damage Nosologies/reasons
Myocardial damage caused by ischemia Acute coronary syndrome/myocardial infarction
Cardiac myocytes damage not caused 
by ischemia in cardiac pathologies

1) Myocarditis, endocarditis, pericarditis; 2) The use of cardiotoxic drugs, for example, 
anthracyclines; 3) Radiofrequency or cryoablation therapy; 4) Cardiomyopathy and heart failure; 
5) Pacing or defibrillation; 6) Infiltrative pathologies of the heart, for example, amyloidosis;  
7) Takotsubo syndrome

Cardiac myocytes damage not caused 
by ischemia in extracardiac pathologies

1) Sepsis 2) Chronic renal failure; 3) Chronic obstructive pulmonary disease; 4) Pulmonary 
embolism; 5) Neurogenic diseases (stroke, subarachnoid hemorrhages); 6) Arterial hypertension

Physiological conditions 1) Physical activity; 2) Stressful situations
Without cardiac myocytes damage 
(false positive factors)

1) Heterophilic antibodies; 2) Alkaline phosphatase; 3) Hemolysis of the sample; 4) Rheumatoid 
factor; 5) Fibrin clots in the sample; 6) Cross-reaction of diagnostic antibodies with skeletal  
troponins
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the study of creatine phosphokinase activity, the test for deter-
mining which was used to diagnose myocardial infarction in 
the 60-70s of the 20th century. Healthy men had significantly 
higher creatine phosphokinase activity than women, and dark-
skinned people had higher creatine phosphokinase activity 
than Caucasians [54]. This was also characteristic of the MB-
fraction of creatine phosphokinase, both for activity (U/L) and 
for the concentration of creatine phosphokinase-MB (creatine 
phosphokinase-MB mass), measured in ng/mL. The mecha-
nism of these differences, according to academic specialists, 
was largely due to the differences in skeletal muscle mass in 
men compared to women [54]. Later, sex differences were 
noted for natriuretic peptides, and, according to the authors, 
they were due to the different influence of male and female 
sex hormones on the production of natriuretic peptides in the 
myocardium [55]. However, with the introduction of the first 
tests for immunochemical determination of cardiospecific tro-
ponins, sex features ceased to be determined, which was prob-
ably due to the low sensitivity of these test systems, because 
they determined troponin concentrations in only 5% of healthy 
subjects [24-26]. Therefore, at that time, the prevailing opin-
ion was that cardiospecific troponins are strictly intracellular 
molecules that appear in the blood serum only in case of seri-
ous pathologies of the myocardium, and certain positive levels 
of cardiospecific troponins in patients with unconfirmed myo-
cardial infarction were most often interpreted as false positive 
results. This opinion was also supported by the studies report-
ing a high prevalence of false positive results of cardiospecific 
troponins in patients with rhabdomyolysis in case of skeletal 
muscle pathologies [56, 57]. As the sensitivity of laboratory 
methods increased, cardiospecific troponin levels began to be 
determined in the blood of a larger number of healthy indi-
viduals (which allowed to regard cardiospecific troponin as the 
metabolic products of cardiac myocytes) and the first reports 
of possible sex-based variations in cardiospecific troponin lev-
els appeared. Thus, Apple et al, studying the reference limits 
of cardiospecific troponin levels in a large sample of patients 
(n = 686) using eight immunochemical determination tests, 
found the presence of sex variations in two methods of im-
munochemical determination of cardiospecific troponin I. At 
the same time, the average level of cardiospecific troponin I in 
men was 1.2 - 2.5 times higher than in women, according to 
the nonparametric statistical analysis of the results [58]. How-
ever, this study is actually the only one that reported any sex 
variations for the moderately sensitive research methods, and 
therefore this was not reflected in practical medicine. With the 
introduction of high-sensitive immunochemical tests, it has 
been shown that in 80% of healthy individuals, determinable 
cardiospecific troponin concentrations exceed the determina-
tion limit [59], and the rates are significantly higher in men 
than in women, leading to a more detailed study of the po-
tential sex-specific 99th percentile. In a large study including 
524 healthy subjects (272 males, 252 females), 99th percentile 
levels were calculated for 19 cardiospecific troponin tests: one 
cardiospecific troponin T test by Roche and 18 cardiospecific 
troponin I tests by Abbott, Alere, Beckman, bioMerieux, In-
strumentation Laboratory, Ortho-Clinical Diagnostics, Sin-
gulex, Siemens and Roche, of which five were analytically 
classified as high-sensitive. The study found that 99th percen-

tile levels exceeded the determination limit in 80% of people 
in case of high-sensitive immunochemical determination tests, 
while moderately sensitive tests determined measurable car-
diospecific troponin levels in about 25% to 30% of patients. 
Sex specificities of the 99th percentile were typical of all high-
sensitive test systems for determining cardiospecific troponin 
I, the values of which in men were 1.2 - 2.4 times higher than 
in women. Approximately similar values were demonstrated 
by the high-sensitive analysis for cardiospecific troponin T: the 
99th percentile for men was 20 ng/L, and for women it was 13 
ng/L, while the overall (regardless of sex) calculated 99th per-
centile was 15 ng/L. Besides, the sex-specific 99th percentile 
was characteristic of some moderately sensitive test systems, 
according to which cardiospecific troponin levels were 1.3 - 5 
times higher in men than in women [59].

Saenger et al [60] showed that statistically significant 
differences were observed in high-sensitivity cardiospecific 
troponin T concentrations in men and women, with the 99th 
percentile limit for men (15.5 ng/L) approximately 1.7 times 
higher than for women (9.0 ng/L).

In another large study, Gore et al reported similar re-
sults of the three large independent patient cohorts in which 
high-sensitive cardiospecific troponin T concentrations were 
analyzed based on the age, sex, and race stratification. It is 
important to note that more than 10% of men aged 65 to 74 
years without cardiovascular disease had high-sensitivity car-
diospecific troponin T values above the threshold value (99th 
percentile) (> 14 ng/L). In each cohort studied, the value of 
the 99th percentile increased with age over 60 and was higher 
in men than in women. The academic specialists also found 
significant differences in the threshold levels of high-sensitive 
cardiospecific troponin T depending on age and sex specifi-
cities: men (disregarding age) = 23 ng/L, men 50 - 64 years 
old = 28 ng/mL, men under 50 years old = 19 ng/L; women 
(disregarding age) = 9 ng/mL, women 50 - 64 years old = 14 
ng/mL, women under 50 years old = 9 ng/mL [61]. Thus, sex 
and age must be taken into account when calculating the 99th 
percentile levels of high-sensitive cardiospecific troponins. 
Whereas the use of the single threshold value (14 ng/L) for 
high-sensitive cardiospecific troponin T analysis can lead to 
overdiagnosis of myocardial infarction, especially in men and 
the elderly, since their normal (baseline) level significantly ex-
ceeds the 99th percentile recommended by the immunotests 
manufacturer. The studies presented are indicative of the need 
for a close study of the sex-age specificities of cardiospecific 
troponins for clinical validation.

In the current European Society of Cardiology guidelines 
for the diagnostics and treatment of myocardial infarction with-
out ST-segment elevation [62], the diagnosis of myocardial in-
farction is based not on the single value of the cardiospecific 
troponin, but on two main algorithms based on the dynamic 
changes in cTn at the 0 moment (on admission to the emer-
gency care department and first blood test) and after 3 h or af-
ter 1 h. Only validated, high-sensitive cardiospecific troponin 
immunotests with confirmed threshold levels or cutoff values 
should be used to apply these algorithms. Notably, the 0/3 h 
algorithm makes a clear reference to the upper control limit of 
the 99th percentile, and this is also specified in the fourth uni-
versal definition of myocardial infarction [10], while the 0/1 
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h algorithm uses cutoffs below the 99th percentile, calculated 
for specific cardiospecific troponin tests of immunochemical 
determination. The most important role in these diagnostic al-
gorithms is played by the kinetics of the increase in cardiospe-
cific troponin levels during the first hours from the moment of 
chest pain/admission to the emergency care department. The 
positive predictive value of these algorithms for patients with 
myocardial infarction, i.e., those who meet the “rule-in” cri-
teria, is 75-80%. Some patients that meet the “rule-in” crite-
rion with diagnoses other than myocardial infarction may have 
conditions (e.g., takotsubo cardiomyopathy, myocarditis, etc.) 
that usually require hospitalization and coronary angiography 
for accurate diagnosis [62]. As the upper control limit of the 
99th percentile is not always sex-specific, and the 0/1 h algo-
rithm does not use sex-based cutoffs, the absence of specificity 
and relatively low positive predictive value of cardiospecific 
troponins in patients with myocardial infarction may be partly 
explained by the inadequate threshold value, which is equal for 
both men and women.

There is ongoing debate regarding the appropriateness of 
using the sex-specific 99th percentile as the diagnostic thresh-
old [26, 62-66]. Its use can lead to an excess of patients with 
the elevated cardiospecific troponins level which is not associ-
ated with myocardial infarction [63, 64]. On the other hand, 
the use of common cutoffs may lead to underestimation of 
myocardial infarction, especially in women [65, 66]. Novack 
et al [67] showed that women form a high-risk group which 
receives less of the treatment methods for myocardial infarc-
tion recommended by the guidelines, including less frequent 
cardiac catheterization and use of secondary prevention meth-
ods. That is why determination of the threshold level of car-
diospecific troponin in women is critical, since an incorrect 
decision limit can lead to incorrect interpretation of the result 
and further management of these patients.

In a retrospective study by Trambas et al [68], switching 
from a moderately sensitive method for determination cardio-
specific troponin I to a high-sensitive cardiospecific troponin 
I test significantly increased the number of patients with el-
evated cardiospecific troponin I concentrations, while no sta-
tistically significant changes were found in men. Introduction 
of sex-specific threshold reference values did not lead to an in-
crease in the number of cases of myocardial infarction among 
the female population. On the other hand, the introduction of 
sex-specific reference intervals has identified those women 
who are at increased risk of future cardiovascular events. Simi-
lar results were demonstrated in case of use of high-sensitivity 
cardiospecific troponin T in the study (study of bypass angi-
opasty revascularization in case of type 2 diabetes) [69]. With-
in this study they observed 684 women and 1,601 men with 
type 2 diabetes mellitus and stable coronary artery disease for 
5 years. The results showed that among patients with type 2 di-
abetes mellitus and stable coronary artery disease, women with 
circulating levels of high-sensitivity cardiospecific troponin T 
that are within the “normal” range (the commonly used 99th 
percentile disregarding sex) are at increased risk of serious car-
diovascular events, which exceeds the rates observed among 
men with similar concentrations of high-sensitive cardiospe-
cific troponin T [69]. Thus, this study also shows the need to 
revise the 99th percentile with account taken of the sex.

Possible Mechanisms for Formation of Sex 
Specificities of Cardiospecific Troponins

Under physiological conditions, the most common causes of 
elevated cardiospecific troponins are physical activity and 
psychoemotional stress [70-72]. These physiological condi-
tions can lead to myocardial overload, small-scale processes 
of cardiac myocytes apoptosis due to increased activity of 
the sympathoadrenal system, increased activity of prooxidant 
mechanisms, reversible damage to cardiac myocyte mem-
branes, which is accompanied by the release of cytosolic car-
diospecific troponin molecules, and a slight increase in serum 
concentrations of cardiospecific troponins [73-75]. Thus, el-
evated levels of cardiospecific troponins in healthy individuals 
may reflect the response of cardiac myocytes to the influence 
of stress factors. However, in men and women, the activity of 
protective mechanisms of different cells, including the cardiac 
myocytes, against stress factors differs, which may be a pos-
sible explanation for sex differences in serum levels of cardio-
specific troponins. Thus, the recent study [76] demonstrated 
that the levels of cardiospecific troponin T after the same phys-
ical activity in male athletes were significantly higher than in 
female athletes, which is indicative of the different response 
of cardiac myocytes to physical activity in men and women.

In addition to this, the study by Tiller et al also showed 
more pronounced disorders of physiology of the cardiovascu-
lar system in men than in women after an ultramarathon [77]. 
Potentially, these negative effects could lead to a greater re-
lease of cardiospecific troponins in men than in women.

The fact that men are less protected from myocardial in-
jury was also demonstrated by the study which observed that, 
after heart surgery, men had a greater increase in blood serum 
cardiospecific troponin levels than women [78].

That said, the groups of men and women were formed in 
accordance with the same characteristics (same body mass in-
dex, duration of artificial circulation, duration of aortic com-
pression during surgery, etc.), which could potentially affect 
the degree of myocardial damage and the release of cardio-
specific troponins. Thus, variations in damage and release of 
cardiospecific troponins, apparently, are due to the sex-based 
differences in the degree of ischemia-reperfusion injury of car-
diac myocytes.

Sex differences in the degree of cardiac myocytes damage 
can be explained by sex specificities in the levels of a number 
of biologically active molecules, and in particular sex steroids. 
Thus, in women, estrogen levels are significantly higher than 
in men, in whom the predominant steroid is testosterone. That 
said, estrogens, unlike testosterone, are characterized by nu-
merous cardioprotective effects. Thus, it has been shown that 
estrogens can have a protective effect against oxidative dam-
age to cardiac myocytes by reducing the oxidative damage and 
stimulating the expression of antioxidant enzymes [79, 80]. In 
addition, estrogens increase the expression of endothelial ni-
tric oxide synthase, which leads to an increase in the formation 
of one of the most powerful vasodilators - nitric oxide, and 
this, in its turn, contributes to greater resistance of the cardio-
vascular system to coronary vessel spasms (and, accordingly, 
to a decrease in myocardial blood content), occurring against 
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the background of psycho-emotional stress. Since estrogen 
production decreases with age in women, cardioprotective ef-
fects also decrease, which is expressed by higher levels of car-
diospecific troponins in elderly women [61], as reported above 
in the previous section. Thus, the cardioprotective effects of 
estrogens can neutralize the degree of damage to cardiac myo-
cytes both under physiological conditions (under stress condi-
tions) and in case of pathological conditions.

Metabolism and renewal of cardiac myocytes [17, 81-83], 
which is responsible for the formation of basic serum levels of 
cardiospecific troponins is regarded as another physiological 
mechanism for the release of cardiospecific troponins. Taking 
into account the fact that cardiac myocytes hypertrophy is as-
sociated with cardiospecific troponin levels in healthy individ-
uals [13, 84], and in men the myocardial mass (physiological 
hypertrophy) is bigger than in women [61, 66], the metabolism 
and renewal of cardiac myocytes can also be considered as 
a possible mechanism that explains the sex-based variations 
in the serum levels of cardiospecific troponins. Besides, this 
mechanism can also explain the sex-based differences in crea-
tine phosphokinase and creatine phosphokinase-MB levels 
demonstrated in clinical studies [85-87].

Conclusion

Thus, introduction of high-sensitive immunochemical tests for 
determining cardiospecific troponins into clinical practice re-
quires consideration of a number of biological factors of indi-
viduals, including sex and age-related characteristics. The op-
timal level of the 99th percentile is of great importance for the 
timely diagnostics of acute coronary syndrome and at the same 
time prevents overdiagnosis of myocardial infarction. Thus, 
a number of studies have shown that the use of the common 
99th percentile can lead to underdiagnosis of acute coronary 
syndrome in women, since their physiological levels of cardio-
specific troponins are much lower. At the same time, the use 
of the 99th percentile without taking into account the sex fac-
tor leads to overdiagnosis of acute coronary syndrome in men, 
which is due to higher physiological levels of cardiospecific 
troponins in the blood. According to the IFCC, sex specifici-
ties of the 99th percentile are characteristic of most of the ex-
isting high-sensitive cardiospecific troponin laboratory tests. 
Possible mechanisms underlying the sex-based variations in 
cardiospecific troponin levels are the effects of sex hormones 
and differences in the myocardial mass. Thus, estrogens have 
cardioprotective effects, due to which they cause expansion 
of the coronary vessels, which increases the resistance of car-
diac myocytes to physical activities and stressful situations. In 
addition to the above, estrogens reduce oxidative stress, and 
thanks to this the damage to cardiac myocytes membranes is 
limited and the apoptotic mechanisms are suppressed. Appar-
ently, the complex cardioprotective effects of estrogens limit 
the release of cytoplasmic cardiospecific troponin molecules 
from the cardiac myocytes into the bloodstream. Further re-
search is needed on the sex specificities of cardiospecific tro-
ponin levels: both of clinical (to clarify their significance in 
the algorithms for diagnosing the acute coronary syndrome) 

and fundamental nature (to clarify the molecular mechanisms 
underlying the sex-based variations in the “serum” cardiospe-
cific troponin levels).
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