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Over the past few years, the diagnostic value of troponins, 
proteins with the greatest specificity for car-diomyocyte 

damage, has undergone significant rethinking. Previously, a 
highly sensitive troponin I test (hsTnI) was considered only as 
a marker of acute coronary syndrome, with its trends used to 
assess the risk of an adverse outcome. Currently, this test is a 
valuable indicator of cardiovascular risk (CVR) in the general 
population [1]. 

Troponin I (TnI) is a member of the troponin family of 
proteins considered to be relatively cardiospe-cific, having the 
ability to inhibit calcium-stimulated magnesium-adenosine 
triphosphatase of actimyo-sin in the cardiomyocyte [2]. 
The NH2 site of TnI directly interacts with the surface of the 
N-domain of TnI C, forming one of the main sites that binds the 
calcium ion, thus modulating the cardiomyocyte contraction 
[3]. That is why the release of TnI is one of the reliable signs 
of myocardial damage, even minimal [4, 5]. Large multicenter 
studies [6] clearly showed that even a single value of hsTnI 
reliably characterizes the prognosis of patients with acute 
myocardial infarction (AMI): the level <5 ng/mL is recorded 
in more than 1/2 of patients who do not show signs of AMI 
and do not die from coronary events over the next 30 days. 
Therefore, hsTnI is a reliable marker of the AMI risk in patients 
with sus-pected acute coronary syndrome [7]. It was also found 
that an increase in the TnI level was associated with an increase 

in the incidence of adverse outcomes during hospital stay 
and mortality from any cause in normotensive patients with 
pulmonary embolism [8].

Since the second half of the 2010s, a sufficient body of 
evidence has been accumulated, primarily the results of 
population studies, indicating that the measurement of TnI 
using a highly sensitive method can successfully predict 
cardiovascular events both in stable patients with high CVR 
(atherothrombosis, diabetes mellitus [DM], etc.) and in the 
general population. Therefore, the indications for this diagnos-
tic test can be significantly extended. In addition, in the general 
population, hsTnI can be used to more clearly stratify the risk of 
cardiovascular complications and describe its change over time 
since it re-sponds to lifestyle changes and the use of drugs that 
affect the relevant risk factors [9].

Thus, in one of the analyses of the population of the widely 
known HOPE study [10], which estab-lished many components 
of the modern preventive strategy in cardiology, TnI was 
measured using a highly sensitive method in 2572 patients with 
high CVR. It was found that those with a TnI level >6 ng/L were 
38% more likely to reach the primary endpoint (myocardial 
infarction [MI], cerebral stroke, or cardiovascular death). 
Moreover, at a level of TnI>10 ng/L, the risk of cardiovascular 
death increased by 2.15 times and the risk of MI by 1.49 times. 
In the HIMS study [11], which included 1151 males aged 70 
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to 89 years, residents of Western Australia who did not have 
documented cardio-vascular diseases at the baseline, at a 10-
year follow-up, 252 (22%) had cardiovascular complications. 
Compared with using the Framingham risk scale alone, the 
additional measurement of TnI using a highly sensitive method 
led to a decrease of subjects classified as high-risk in the group 
without cardio-vascular complications by 7%. In contrast, the 
proportion of these subjects in the group with cardiovas-cular 
complications increased. These data indicate that hsTnI is an 
effective and reliable risk marker in population groups with the 
most unfavorable prognosis. The results of the HIMS study are 
all the more interesting in this regard, as they demonstrate the 
predictive value of hsTnI in a population of elderly males with 
the highest risk of cardiovascular complications, with all else 
being equal.

Another example demonstrating the prognostic value of 
hsTnI is the population of individuals with type 2 DM. K. Yiu 
et al. (2014) showed that in more than 99% of patients with 
type   2 DM, the TnI lev-el can be measured using a highly 
sensitive method. In 21% of patients, its level was increased to 
>8.5 ng/L in males and >7.6 ng/L in females (Abbott, Architect) 
[12]. During at least 4 years of follow-up, it was found that 
an increase in the TnI level measured using a highly sensitive 
method was associ-ated with a significant increase in the 
frequency of major cardiovascular complications (heart failure, 
MI, and cardiovascular death). 

The hsTnI value as a marker of a high risk of cardiovascular 
complications was, to some extent, sup-ported by the established 
correlations between this indicator and the prevalence of 
coronary artery ath-erosclerosis. A. Tahhan et al. (2018) 
examined 3,087 patients (aged 49 to 75 years; 64% males) who 
had no evidence of AMI on coronary angiography [13]. The 
severity of coronary artery atherosclerosis was assessed using 
the Gensini score and the number of large coronary arteries with 
stenosis of ≥50%. An increased level of TnI, measured using a 
highly sensitive method, was associated with greater sever-ity 
of atherosclerotic lesions of the coronary arteries according to 
the Gensini score and its progression. In addition, TnI levels 
appeared to be an independent predictor of death, including 
cardiovascular death, MI, revascularization, and hospitalizations 
due to cardiovascular diseases. The predictive role of TnI was 
independent of race, sex, age, smoking, body mass index, kidney 
function, and whether the pa-tient had hypertension or diabetes. 
According to the analysis of the PEACE study population [14], 
which included more than 3,500  patients with stable angina 
pectoris (98.5% of them showed an in-creased level of TnI), the 
TnI levels in the upper quartile were associated with an increase 
in cases of heart failure and cardiovascular death by 1.88 times 
compared with the other three quartiles.

In the TRA 2oP TIMI study, in more than 15,800 patients 
with stable atherosclerosis (previous MI, cerebral stroke, or the 
presence of proven atherosclerotic lesions of the arteries of the 
lower extremi-ties), the TnI level was measured using a highly 
sensitive method [15]. An increased TnI was associated with an 
older age, a greater severity of atherosclerosis, and the male sex. 
The TnI level increase was associated with an increase in the risk 
of cardiovascular death, MI, and cerebral stroke over 3 years by 
5.0-18.6%; this association remained significant regardless of 
the levels of C-reactive protein, B-type natriuretic peptide, as 
well as clinical indicators characterizing the CVR. The SCOT-
Heart Trial [16], in which the extent of coronary atherosclerosis 
was determined using computed tomography (CT) in patients 
with suspected stable angina, showed that increasing TnI levels 
across quintiles were associat-ed with a 5-fold increase in the 
probability of having obstructive coronary artery disease. 
Similar data confirming the relationship between the TnI levels 
and the severity of coronary calcification, assessed by CT, were 
also obtained in the PROMISE study [17]. The relationship 
between the TnI levels meas-ured using a highly sensitive 
method and the severity of atherosclerosis of the coronary 

arteries has also been confirmed in more specific populations, 
for example, in female patients with rheumatoid arthri-tis [18].

Pharmacoeconomic rationale for the introduction 
of hsTnI screening into real-world practice

HsTnI screening can be considered an indicator of the 
effectiveness of pharmacological strategies for reducing CVR. 
Thus, the WOSCOPS study [19] showed that the upper quartile 
of TnI levels compared to the lower quartile was associated with 
an increase in the frequency of MI and death from coronary 
heart disease by 2.3 times. The use of statins led to a significant 
decrease in the level of TnI by 13% and increased twice the 
number of males with TnI decreased by more than 1/4. Thus, 
drugs with proven ability to reduce CVR affect the TnI levels 
measured using a highly sensitive method, which further 
confirms their positive effect on the long-term prognosis.

In a large JUPITER study [20], which evaluated the use 
of statins for the primary prevention of cardi-ovascular 
complications, almost 13,000 participants had their TnI levels 
measured before randomiza-tion. It exceeded reference values 
in 2.9% of males and 4.1% of females (99% gender-specific 
percen-tile). The TnI level in the upper tertile was associated 
with an increase in the probability of a major cardiovascular 
complication by 2.19 times and death from any cause by 
2.61 times. These data can be considered a rationale for using 
hsTnI to assess CVR in the general population.

The data from the JUPITER study became the first stage 
in forming an evidence base for the role of TnI as a general 
population predictive marker, meeting the volume requirements 
of big data medicine. A large BiomarCaRe project [21], which 
combined data from 10 large studies (almost 75,000 patients, 
including patients from the JUPITER study), showed that an 
increase in the level of TnI as measured by a highly sensitive 
method is associated with a 1.37-fold increase in the risk of 
cardiovascular death, 1.23-fold for cardiovascular diseases, and 
1.24-fold for death from any cause. These data have become the 
basis for considering TnI as an independent risk marker in the 
general population.

According to the results of a large Nord-Trondelag Health 
(HUNT) Study [22], in 9005 participants with TnI level measured 
for an average of 13.9 years, it was shown that an increase 
>12  ng/L in males and >10 ng/L in females was associated 
with an increase in the frequency of hospitalizations due to 
MI, heart failure, and cardiovascular death (primary endpoint) 
by 3.61  times. Depending on the TnI levels, the researchers 
proposed the following classification of CVR (Table 1).

Later in this study [23], it was found that both absolute and 
relative increments of TnI can be a relia-ble risk marker. 

In the general population (not only in patients with stable 
angina pectoris), CT screening demonstrat-ed an association 
between TnI level and coronary artery calcification [24]. 
The reliability of TnI as a risk marker for cardiovascular 
complications has been confirmed in the population of patients 
with type 2 DM [25]. It should be emphasized once again 
that the level of TnI responds to pharmacological strategies 
that reduce the risk of cardiovascular complications, such as 
antihypertensive therapy [26]. 

P. Jülicher et al. (2022) investigated the cost-effectiveness 
of using hsTnI to assess the risk of cardio-vascular diseases 
(CVD) in the general population for primary prevention [27]. 
The analysis was con-ducted in countries with low CVD risk 
(Germany) and high CVD risk (Kazakhstan). They compared 
the screening (use of hsTnI) and prevention strategy among 
the working-age population with the observa-tion strategy. 
Prophylactic treatment based on elevated hsTnI values resulted 
in a 9% reduction in CVD risk, an 8.8% (Germany) or 9.8% 
(Kazakhstan) reduction in CVD mortality, and an increase in 
the pe-riod of healthy life (without CVD) before retirement 
age by 27 years (Germany) and 28 years (Kazakh-stan) per 
1,000 people. In both countries, <200 people would need to be 
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screened to prevent one event of CVD.
Later, P. Jülicher et al. (2024) conducted a comparison 

analysis of the Systematic COronary Risk Evaluation (SCORE) 
and hsTnI screening in combination with SCORE (S-SCORE) 
[28]. Only 9.4% of subjects received prophylactic treatment 
in the SCORE group versus 14.5% in the S-SCORE group. 
Also, 7.5% of subjects who did not receive treatment in 
SCORE were assigned to a higher risk group and received 
prophylactic treatment in S-SCORE; in 2.5% of subjects who 
received treatment in SCORE, the risk category was lowered 
in S-SCORE. The rate of cardiovascular events in the SCORE 
group was 5.38% compared to 4.85% in S-SCORE (p<0.001). 
A statistically significant decrease was observed for all clinical 
endpoints. The S-SCORE strategy resulted in a 9.9% relative risk 
reduction for CVD events (95% confidence interval 7.3–13.5%). 

Opportunities to extend the scope of hsTnI use
The indications for using hsTnI will expand in the coming 

years, including for the so-called non-coronary myocardial 
lesions, such as thyrotoxic cardiomyopathy [29]. This test has 
certain prospects in diagnosing heart damage associated with 
the new coronavirus infection (COVID-19) [30], which often 
has an unfavorable prognosis and, as it is already known, is not 
always detected promptly. In addition, TnI can be considered 
a potential marker for assessing CVR in COVID-19 survivors. 
Recent studies showed the degree of involvement of the heart 
in the recovery phase after COVID-19, active myocardi-al 
inflammation, and scar formation. TnI may be key in identifying 
patients at high risk of myocardial damage during recovery [31]. 

In 2022, the European Society of Cardiology published 
guidelines for the management of cancer pa-tients [32], which 
recommended the assessment of the level of cTnI or natriuretic 
peptides (B-type or N-terminal propeptide) to stratify the risk 
of CVD in patients receiving chemotherapy. This screening will 
identify patients needing cardioprotective therapy and reduce 
cardiotoxicity during cancer therapy. 

The guidelines for the management of patients undergoing 
non-cardiac surgery [33] also recommend assessing the level 
of hsTnI T/I in patients with known CVDs, CVD risk factors 
(including age ≥65 years) or symptoms indicative of CVD at 24 
and 48 hours after mid- and high-risk surgery. An in-crease of 
hs-cTn above the upper limit of the reference range at day 1 or 2 
postoperatively compared to the preoperative level is defined as 
a perioperative MI. Without data on the hs-cTn T/I level before 
sur-gery, its high concentration on day 1 after surgery (e.g., 
more than 5-fold increase) or increase for 2 days also reliably 
indicates a perioperative MI. 

Prospects for hsTnI
Due to its high reliability, the most definite prospect of the 

hsTnI application is identifying individu-als with high CVR in 
the general population. Based on the analysis of the available 
data on hsTnI, D. Farmakis et al. concluded that the addition 
of hsTnI level measurement to the standard SCORE risk 
stratification would allow paying special attention to patients 
of the medium risk category (SCORE≥1% and <5%) [9]. This 
approach can facilitate therapy modification and prevent 
patients from moving into the high-risk group.

These findings formed the basis for the study to determine 
the prognostic significance of hsTnI in as-sessing CVR in the 
Russian population [34]. The results of the Russian observational 
multicenter stud-ies ЭССЕ-РФ1 and ЭССЕ-РФ2 were used as 
the data for the analysis to assess the prevalence of the main 
behavioral and biological risk factors in the Russian population. 
Analysis of data from 13,976 males and females aged 25–64 
showed that an increased hsTnI level was statistically signifi-
cantly associated with a higher incidence of any cardiovascular 
events in people aged 35–64 without a history of MI and 
cerebrovascular accident. The risk reclassification index for the 
hard clinical end-point was found to be higher in males than 

in females. Adding a hs-cTnI level to the SCORE risk model 
significantly improves the accuracy of the CVR estimation. 
Thus, after adding the hs-cTnI level to the risk model, 201 (7%) 
subjects were reassigned to a high-risk group. 

The diagnostic value of hsTnI needs further testing in various 
categories of representatives of the Russian general population, 
including patients with diabetes, the elderly, those with chronic 
kidney dis-ease, as well as COVID-19 survivors. However, the 
results of such studies can support the expansion of indications 
for hsTnI use, primarily in outpatient settings, during follow-up 
medical examinations, screening, and periodic medical check-
ups in specific population categories. 
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