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Abstract: In recent years, the formulation of some immu-
noassays with high-sensitivity analytical performance
allowed the accurate measurement of cardiac troponin I
(cTnI) and T (cTnT) levels in reference subjects. Several
studies have demonstrated the association between the
risk of major cardiovascular events and cardiac troponin
concentrations even for biomarker values within the
reference intervals. High-sensitivity cTnI and cTnT
methods (hs-cTn) enable to monitor myocardial renewal
and remodelling, and to promptly identify patients at
highest risk ofheart failure. An early and effective treat-
ment of individuals at higher cardiovascular risk may
revert the initial myocardial remodelling and slow down
heart failure progression. Specific clinical trials should be
carried out to demonstrate the efficacy and efficiency of the
general population screening by means of cost-benefit
analysis, in order to better identify individuals at higher
risk for heart failure (HF) progressionwith hs-cTnmethods.

Keywords: cardiac natriuretic peptides; cardiac troponins;
cardiovascular risk; high-sensitivity immunoassay; quality
specification; reference population.

Introduction

Although there has been substantial improvement in
clinical outcome in the recent decades, ischaemic heart
disease remains the leading cause of morbidity and mor-
tality in industrialized countries [1–3]. A large number of
epidemiologic and clinical studies have confirmed the
essential role of primary prevention in improving outcome
of cardiovascular diseases [1–3]. The role of cardiovascular
prevention in the general population is based on two
fundamental clinical actions: accurate risk stratification
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and appropriate interventions [1, 2]. Prevention strategies
in the general population aim to slow the development of
atherosclerotic cardiovascular disease bypromoting ahealthy
lifestyle throughout all the lifespan [1–3]. In individuals at
high score risk for development of atherosclerotic cardiovas-
cular disease, an appropriate cardiovascular prevention
should include clinical, pharmacological and multiple health
behaviour change interventions [1–3].

In particular, specific pharmacological interventions
are recommended for individuals with systemic arterial
hypertension, elevated low-density lipoprotein cholesterol
levels and diabetes mellitus (DM) [1–3]. Conversely, in
people without established cardiovascular disease, the
most recent meta-analyses have provided only equivocal
evidence for reduction in incidence of cardiovascular dis-
eases through multiple healthy lifestyle interventions [4–
8]. However, the degree of effectiveness might be associ-
ated with the level of risk in the overall general population
[2]. In 2017, a systematic review, including 31 studies
(36,484 participants), evaluated the effectiveness of mul-
tiple lifestyle interventions on overall cardiovascular risk
and traditional risk factors in people without established
cardiovascular diseases [8]. This meta-analysis found
modest, but statistically significant, effect on pooled net
change in systolic blood pressure (16 trials), body mass index
(BMI) (14 trials) and serum total cholesterol (14 trials) [8].

The early detection of individuals at higher cardio-
vascular risk should be the most important goal of the
primary prevention in the general population. It is theo-
retically assumed that the cardiovascular risk in appar-
ently healthy subjects is the result of actions of multiple,
interacting genetic and environmental factors [1–3, 9–11].
According to the American College of Cardiology Founda-
tion (ACCF)/American Heart Association (AHA) guidelines
the natural history of heart failure (HF) can be divided in
four progressive stages (from stage A to stage D) [12 ,13]. The
first two stages include asymptomatic individuals who are at
high risk (stage A), and thosewith structural heart disease but
without signs or symptomsofHF (stageB). The last two stages
include patients with signs and symptoms of HF: the patients
responding to standard pharmacological treatment are
included in stage C; while patients refractory to standard
treatment and so requiring specialized interventions are
included in the last stage D [12, 13]. The 5-years mortality rate
increases progressively from the stage A to the stage D (i.e. up
to about 50% for stage D patients) [12–14].

Many experimental and clinical studies have recently
demonstrated that cardio-specific biomarkers (such as
cardiac natriuretic peptides (cNP) and cardiac troponins)
may help in the identification of apparently healthy sub-
jects, who are at risk for accelerated progression towards

symptomatic HF [9–11]. The use of cardiac-specific bio-
markers for risk prediction in the general population was
not even contemplated in international guidelines till 2010
[15], likely because only recently high-sensitivity immu-
noassays, able to measure the circulating levels of cardiac-
specific biomarkers in the majority of apparent healthy
individuals, have been finally introduced [16].

Aim

The aim of this document is to discuss the experimental
and clinical evidences reported so far in the literature
supporting the role of the measurement of cNP and cardiac
troponin I (cTnI) and T (cTnT) in the detection of asymp-
tomatic individuals, who are at higher risk for progression
towards the symptomatic stages of HF.

Review of experimental and clinical
results

Pathophysiological and clinical relevance of
cardio-specific biomarkers in the prevention
of cardiovascular risk

According to the international guidelines, the diagnosis of
both acute and chronic HF relies on clinical judgement
based on a combination of history, physical examination,
appropriate investigations and laboratory tests [12–14].
Although more than 100 biomarkers have been suggested
to be useful in the diagnosis, prognosis and/or risk stratifi-
cation in HF patients [9–11, 16], only cardio-specific bio-
markers are actually taken into consideration by the most
recent international guidelines as the first-line biomarkers in
risk stratification of HF [13, 14]. However, the 2019 position
paper of the Association of Preventive Cardiology of the Euro-
pean Society of Cardiology states that it is necessary to defin-
itively demonstrate the role of cardiac biomarkers (i.e. cNP
and cTn) in risk stratification in the general population [2].

Cardiac natriuretic peptides

In 2004, Mueller et al. [17] evaluated 157 consecutive pa-
tients admitted for extensive cardiac evaluation and further
23 consecutive patients with symptomatic HF admitted for
inpatient treatment. Receiver-operating characteristics
(ROC) curves of brain natriuretic peptide (BNP) and
N-terminal pro-B-type natriuretic peptide (NT-proBNP) in
43 patients with symptomatic stage HF vs. 137
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asymptomatic subjects showed highly significant area
under the curve (AUC) values. Furthermore, AUC values in
56 patients with asymptomatic structural heart disease and
81 subjects without structural disorder of the heart also
showed highly significant AUC values. The results of this
study suggest that both BNP and NT-proBNP assays are
able to differentiate, in a population of asymptomatic in-
dividuals, those who have structural heart disease [17].

In the year 2007, Emdin et al. [18] reported that both
BNP and NT-proBNP concentrations increased progres-
sively in 820 individuals from stage A to stage D of HF.
Moreover, there was a highly significant difference be-
tween the levels of both biomarkers found in HF patients
from stage B to D compared to biomarker levels found in
182 apparently healthy subjects. Instead, no difference was
found between BNP and NT-proBNP levels in apparently
healthy subjects and 86 individuals in stage A of HF [18].
These data suggested for the first time that cNP can able to
distinguish between a group of apparently healthy subjects
and a group of individuals with structural alterations, but
without HF symptoms and normal left ventricular ejection
fraction (LVEF, mean 65%, Standard Error (SE) 4%) [18].

More recently, several studies confirmed that patients
with type 2 DM have, on average, significantly higher BNP
or NT-proBNP levels than a control group including
apparently healthy subjects [19–24]. In particular, higher
cNP values were found in DM patients with hypertension
and coronary artery disease, while, on the contrary,
significantly lower biomarker values were found in obese
individuals with or without DM [19, 20, 23, 24].

Considering patients with systemic arterial hyperten-
sion (SH) [25], some studies suggest a close relationship that
exists betweencNP systemand theorigin and complications
of chronic SH [26–28]. In particular, a very recent study
reports that NT-proBNP significantly increased in 324 in-
dividuals (of a cohort of 2,309 individuals with normal
bloodpressure value atbaseline)whodevelopeda stable SH
after a follow-up of 5 years [28]. The results of these studies
[26–28], taken as a whole, strongly suggest that cNP assay is
able to detect the individuals in the general populations,
who are at risk to developing a stable SH in a short time.

Cardiac troponin I and T

Only after the year 2006, the set-up of a new generation of
immunoassaymethodswith progressively better analytical
performance allowed the detection of circulating cTnI and
cTnT values not only in patients with cardiac or extra-
cardiac diseases, but even in apparently healthy subjects
[29–50]. Furthermore three meta-analyses [51–53],
demonstrated that the cardiovascular risk tends to

increase also in some apparently healthy individuals of
both sexes, who have cardiac troponin values below the
99th percentile upper reference limit (URL) (i.e. the cut-off
value recommended by all the international guidelines for
the diagnosis of MI) [54, 55]. However, only after the year
2015 some high-sensitivity methods for cardiac troponins
(hs-cTn) allowed a reliable determination of cTn distribu-
tion parameters in the most part of healthy subjects [56–
61], in accordance with quality specifications required by
the most recent international guidelines [54, 55].

Using these hs-cTn methods [56–61], more accurate risk
stratification was finally achieved in large cohorts from the
general population [48–50, 62–70]. In particular, in 2017 Wil-
leit et al. [66] published a meta-analysis including 28 studies,
involving 154,052 individuals. These Authors reported that
relative risks comparing the top vs. thebottom troponin tertiles
were: 1.43 (1.31–1.56) for cardiovascular diseases (11,763
events), 1.67 (1.50–1.86) for fatal cardiovascular diseases (7,775
events), 1.59 (1.38–1.83) for cardiac disease (7,061 events) and
1.35 (1.23–1.48) for stroke (2,526 events) [66]. Moreover, the
mortality risk related to cardiovascular diseases was more
strongly associated to cTnT rather than to cTnI [66]. More
recently, Welsh et al. [67] evaluate the association between
cTnT and cTnI and other cardiovascular risk factors in a large
generalpopulationcohort (19,501 individuals, age range 18–98
years). On average, higher cTn levels were found more
frequently in older individuals with higher BMI, systolic blood
pressure, and creatinine values, with a history of cardiovas-
cular disease or diabetes, and use of cholesterol medications
[67]. A composite 10 year cardiovascular disease risk score
calculated in participants without prevalent cardiovascular
disease and ≥35 years of age yielded not significantly different
(p=0.34) positive associationswith both cTnT and cTnI [67]. In
the North-Trøndelag Health (HUNT) study [65], the tertile with
the highest risk showed a cut-off value of 10 ng/L for women
and 12 ng/L for men, while the 99th percentile URL values are
15.6 ng/L for women and 34.2 ng/L for men, respectively, as
also suggested by the manufacturer (i.e. Architect hs-cTni
method by Abbott Diagnostics). Therefore, the results of this
study confirmed that the combined mortality and cardiovas-
cular risk significantly increases even for cTnI values much
below the 99th percentile URL values, divided for sex [65].

Take-home messages

– A huge number of studies indicate that both cNP and
cTn are able to detect the individuals at higher car-
diovascular risk in the general population.

– Measurement of cTnI and cTnT, using high-sensitivity
methods, demonstrated that combined mortality and
cardiovascular risk significantly increases even for
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biomarker values below the 99th percentile URL
values in the general population.

Pathophysiological characteristics and
clinical interpretations of cardio-specific
biomarkers

The cardio-specific biomarkers (i.e. cNP and cTn) actually
show different, but complementary, pathophysiological
characteristics.

The cardiac natriuretic hormone system (including
ANP and BNP and their related peptides) is an essential
component of the integrated systems of the mammalian
body and, thus, plays a pivotal role in fluid, electrolyte and
haemodynamic homoeostasis [71]. The close link between
cNP system and counter-regulatory systems could explain
the increase in circulating levels of BNP/NT-proBNP, not
only in cardiac disease but also in several extra-cardiac
clinical conditions (such as renal, pulmonary, hepatic,
endocrinological, metabolic and inflammatory diseases)
[71]. Indeed, several stressor situations or substances can
activate the neuro-endocrine-immunological system in this
way also inducing the activation of the cardiac natriuretic
hormone system producing an increase in the circulation
levels of ANP and BNP. According to these pathophysio-
logical mechanisms, increased cNP levels indicate that the
cardiac function is under stress.

The 2018 Fourth Universal Definition of Myocardial
Infarction [55] states that: “the term myocardial injury
should be used when there is evidence of elevated cardiac
troponin values with at least one value above the 99th
percentile URL”. According to this definition, the detec-
tion in a patient of a cTn value upper this cut-off value,
preferably measured with a high-sensitivity method, al-
ways indicates the presence of a myocardial injury, which
should be accurately taken into consideration by clini-
cians. This document [55] also states that: “although
elevated cTn values reflect injury to myocardial cells, they
do not indicate the underlying pathophysiological
mechanisms, and can arise following preload-induced
mechanical stretch or physiological stresses in otherwise
normal hearts”. Several Authors suggested the working
hypothesis that the release of cTn from cardiomyocytes
may not always require myocardial cell death [34, 72–74].
Indeed, some experimental studies suggest different
possibilities for the extrusion of proteins from reversibly
injured cardiomyocytes, such as: transient increases in
cell permeability due to cell wounds, formation and the
release frommembranous blebs or microparticles [34, 72–
74]. In particular, a “reversible” injury has been taken into

consideration in order to explain the release of troponin
from cardiomyocytes after physical exercise in well-
trained athletes [34, 72–74]. Although, at present time,
the reasons of circulating cTn levels in healthy adult in-
dividuals at rest remain undetermined, some authors
suggested the working hypothesis that the circulating
levels of this biomarker, measured with high-sensitivity
methods, are strictly related to the physiological renewal
of cardiomyocytes [34, 72–74]. According to this hypoth-
esis, the circulating levels of hs-cTn in healthy adult
subjects should be considered as a reliable estimate of the
physiological turnover of human myocardial tissue [72].

According to their different pathophysiological char-
acteristics, circulating levels of cNP and cTn may be
differently affected by pathophysiological mechanisms
responsible of cardiac dysfunction and/or damage. An
increment in circulating levels of both biomarkers suggests
that some powerful stressor mechanisms have already
caused relevant alterations on cardiac function (i.e.
increased cNP levels), as well as a significant damage on
cellular structure (i.e. increased hs-cTn levels). These
finding are well in accordance with the results of a number
of experimental and clinical studies reporting that in-
dividuals with both increased cardio-specific biomarkers
have a more severe outcome than those with only one
altered biomarker (usually cNP) [9–14, 75–78].

Take-home messages

– The measurement of cNP and cTn gives different, but
complementary, pathophysiological and clinical
information.

– A contemporaneous increase of the two cardio-specific
biomarkers suggests that some powerful stressor
mechanisms have already caused relevant alterations
on both cardiac function and cellular structure.

– This finding explains why patients with both bio-
markers increased show worse prognosis.

Comparison of analytical and biological
characteristics of cardio-specific biomarkers

The two cardio-specific biomarkers have different analyt-
ical and biological characteristics. Due their specific bio-
logical action as peptide hormones, cNP are rapidly
degraded both in vivo and in vitro. In particular, the active
peptide BNP shows a plasma half-life of 15–20 min,
because it is degraded by several plasma proteases; so only
ethylene diamine teratacetic acid (EDTA) plasma sample
should be used for measurement of BNP. Furthermore, the
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production and release of cNP by cardiomyocytes is influ-
enced by the rapid variations in activation of neuro-
endocrine-immunological system, and so plasma BNP and
NT-proBNP circulating levels show both large intra- and
inter-individual variations (of about 30–50%) [16]. Due to
counter-regulatory action of sex steroid hormones (i.e. fe-
male positive, male negative) on the production/release of
cNP by cardiomyocytes, women show significantly higher
level (up to 50%) of circulating BNP and NT-proBNP values
during their fertile age up to age of menopause (about 55
years) than men of the same age [71, 79]. Furthermore,
individuals of both sexes with higher BMI values (without
cardiac disease and type 2 DM) show lower values than
apparently healthy subjects with normal BMI values [80,
81]. However, overweight and obese patients with
congestive heart failure show on average lower all-cause
and cardiovascular mortality rates than patients with
normal or lower BMI values [80, 81].

Cardiac troponins actually show a more favourable
analytical and biological profile for a cardiovascular risk
marker than cNP. Indeed, cardiac troponins are sarcomeric
proteins with relatively high molecular weight (cTnI about
24 KDa, cTnT about 36 KDa), and they are also relatively
stable both in vivo and in vitro [82]. From the analytical
point of view, no specific recommendations related to
sample matrix are currently reported by international
guidelines for cTn assay, although in some clinical in-
stitutions heparinized blood samples may be preferred,
especially for patients admitted to the emergency room [54,
83]. Considering the biological variation, several studies
reported that hs-cTn circulating levels in healthy adult
subjects show considerably lower intra-individual (from 4
to 12%) than inter-individual variations (about 50%) [11,
84–88]. These data suggest that 99th percentile URL of cTn
concentration, if measured with high-sensitivity methods,
may be considered as a reliable estimate of the physio-
logical turnover of human myocardial tissue in healthy
adult subjects [72, 89]. It is important to note that this very
low intra-individual index of biological variation plays an
important role when a hs-cTn value measured in a single
subject/patient is compared to a clinical cut-off value
estimated in a reference large population (such as the 99th
percentile URL), which actually has a higher inter-
individual variation [89]. This is the case when only one
value above the 99th percentile URL is used for the evi-
dence of myocardial injury in a patient [55]. Conversely,
due the low biological individuality index of hs-cTn assay
[11, 84–88], the use of algorithm based on serial change of
the cardiac biomarker is recommended for early diagnosis
of acute myocardial infarction (i.e. the sampling at 0–3 h
after admission) [54, 55, 90]. Accordingly, the better is the

analytical performance of assay method and the lower is
the biological intra-individual variation of cardio-specific
biomarker, and the more accurate will be the estimation of
variations between two (ormore) serial measurements [91].
In particular, the error measurement of the most recent hs-
cTnI and cTnT methods actually showmeasurement errors
at the 99th percentile value of about 5% coefficient of
variation (CV) (i.e. the half of the value recommended by
international guidelines) [61, 92].

Take-home messages

– cTnI and cTnT actually show a more favourable
analytical and biological profile for a cardiovascular
risk marker than cNP.

– cTnI and cTnT are more stable in vivo and in vitro and
have a lower intra-individual biological variation than
cNP.

Design and result interpretation of
experimental protocols for cardiovascular
risk evaluation in the general population

Clinical studies for cardiovascular risk evaluation in the
general population generally use an experimental protocol
including one or more biomarkers measured at the time of
individual enrolment in the study cohort (basal sample)
and then the evaluation of the association between these
biomarker basal values with cardiovascular outcome [93–
96]. Considering that the risk is usually evaluated bymeans
of regression analysis models, the variability of distribu-
tion values of biomarkers in the general populationmay be
critical in the statistical analysis. In Table 1, a summary of
11 studies using hs-cTnI methods for risk stratification in
the general population is reported; in the major part of
these studies (10/11) the hs-cTn Architect method (Abbott
Diagnostics) was used. These studies markedly differ for
characteristics of the studied populations (sex, age, num-
ber of individuals), follow-up times (from 2 to 20 years),
cut-off values for risk evaluation, and outcomes. In
particular, there are no data on evaluation of cardiovas-
cular risk for the Asia Pacific general populations [95].
Considering the studies using the cTnT assay for risk
stratification in the general population, in 2016 a meta-
analysis [62], including 22 studies involving 64,855 par-
ticipants, reported that elevated cTnT values in asymp-
tomatic individuals in the community are associatedwith a
three-fold increased risk of all-cause and cardiovascular
mortality.

Clerico et al.: Cardiovascular risk evaluation using cardiac biomarkers 83



A very important issue to take into consideration for
risk evaluation in general population studies is that both
cardio-specific biomarkers (i.e. cNPs and cardiac tropo-
nins) show a non-normal distribution of circulating levels
[18, 56, 57, 61, 79]. In particular, the distributions of
circulating cTnI values, measured with high-sensitivity
methods in a large population of healthy adult subjects,
show highly asymmetric distributions [56, 61]. Data re-
ported in Figure 1, taken as a whole, represent a snapshot
of hs-cTnI distribution values in a large Italian population
including 1,463 apparently healthy adult subjects of both
sexes (F/M ratio 0.95) with age range from 18 to 86 years,
enrolled in a multicentre study endorsed by the Italian
Societies of Laboratory Medicine ELAS and SIBioC [61]. Ac-
cording to the hypothesis that the plasma hs-cTn concen-
tration is a reliable index of physiological renewal of
cardiomyocytes, data reported in Figure 1 indicate that an
increment of about 15–20 folds the median cardiomyocyte
renewal of healthy adult subjects is required in order to
exceed the clinical cut-off value recommended for the
diagnosis of myocardial injury (i.e. the 99th percentile URL
value). Furthermore, the variability of hs-cTn circulating
levels in large population of adult healthy subjects is
increased by the combined effects of sex and age. Women
have, on average, significantly lower cTn concentrations
than men of the same age, while in both sexes the

biomarker values progressively increase after the age of 55
years, as suggested by data reported in Figure 1.

An identical progression of hs-cTnI values in both
sexes after the age of 55 years was previously reported by
the MORGAM/BiomarCaRe study by using serial measure-
ments of biomarkers in the general population [63]. This
study investigated whether the change in three repeated
measures of hs-cTnI collected 5 years apart improves
10-year prediction of cardiovascular risk in 3,875 partici-
pants, aged 30–60 years at enrolment (51% female, disease
free at baseline) [63]. This study found that median hs-cTnI
concentrations changed from 2.6 ng/L to 3.4 ng/L over 10
years. Furthermore, the change in hs-cTnI values
throughout 10 year follow-up more accurately predicted
the cardiovascular risk in the general population than the
most recent measurement [63]. However, in order to
simplify the experimental protocol for primary prevention
using hs-cTnI assay, these Authors suggested that a single
measurement of the cardio-specific biomarker might be
sufficient for the 10 year prediction of cardiovascular risk
[63]. A more recent study confirmed these results, sug-
gesting that for refinement of risk prediction models, the
most recent measurement of hs-cTnI may be preferred in
clinical practice [69]. Considering the large systematic
differences among hs-cTnI methods [61, 83, 89], the cut-off
values for cardiovascular risk should be strictly method-

Table : Summary of studies using hs-cTnI methods for risk stratification in the general population.

Study Method Number of
subjects

SEX,
(%\)

Mean age,
years

Follow-up,
years

Cut-off value,
ng/L

Outcome

Minnesota heart Study (Apple
) []

Erenna System
(Singulex)

 . . – >. ng/L Cardiovascular death

PIVUSStudy (Eggers) [] hs-cTnI Architect
(Abbott Diagnostics)

 .   Not reported Overall death

MORGAM Study (Zeller )
[]

hs-cTnI Architect
(Abbott Diagnostics)

 .   >. ng/L (\)
>. ng/L (_)

MACE, cardiovascular
death

HUNT Study (Omland )
[]

hs-cTnI Architect
(Abbott Diagnostics)

 . . . >. ng/L (\)
>. ng/L (_)

Cardiovascular death

JUPITER Trial (Everett )
[]

hs-cTnI Architect
(Abbott Diagnostics)

 .  . ≥. ng/L (\)
≥. ng/L (_)

MACE, overall death

AGES Study (Thorsteinsdottir
) []

hs-cTnI Architect
(Abbott Diagnostics)

 .  (range
–)

 >. ng/L MACE, overall death

BiomarCaRE Consortium
(Blankerberg ) []

hs-cTnI Architect
(Abbott Diagnostics)

 . . . ≥ ng/l MACE, overall death

MORGAM /BiomarCaRE
(Hughes ) []

hs-cTnI Architect
(Abbott Diagnostics)

 . . (range
–)

 Not reported MACE

Busselton Health Study (Zhu
) []

hs-cTnI Architect
(Abbott Diagnostics)

 . .  ≥ ng/L (\)
≥ ng/L (_)

MACE

HUNT Study (Sigurdardottir
) []

hs-cTnI Architect
(Abbott Diagnostics)

 . . . > ng/L (\)
> ng/L (_)

Hospitalization, MACE,
overall death

ARIC Study (Jia ) [] hs-cTnI Architect
(Abbott Diagnostics)

 . . (range
–)

 ≥ ng/L (\)
≥ ng/L (_)

Hospitalization, MACE,
overall death
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dependent. Furthermore, the cost/benefit of the singular
cut-off values, compared to serial measurements, for the
assessment of cardiovascular risk should be evaluated by
appropriately designed clinical studies.

Finally, an important question concerns the possible
differences between cTnI and cTnT in the stratification of
cardiovascular risk. Two recent studies [67, 97] reported
that there are some differences between cTnI and cTnT in
terms of their association with composite cardiovascular
diseases andwith specific cardiovascular outcomes, even if
these two biomarkers have similar strong associationswith
risk of cardiovascular death and HF. In particular, the cTnI
assay may be more specific for cardiovascular risk,
whereas the cTnT assay may be more strongly associated
with non-cardiovascular mortality [97]. Accordingly, cTnI
and cTnT assays may indicate distinct and complementary
pathophysiological and predictive information in the
general population [67, 97].

A stratification strategy for cardiovascular risk in the
general population by means of some classical or cardiac-
specific biomarkers was suggested by some international
guidelines or authoritative documents [1, 2, 96]. Very
recently, Farmakis et al. [96] suggest a putative

cardiovascular strategy for the general population based
on established risk factor, especially the calculation of
European Society of Cardiology (ESC) score [1, 2], and hs-
cTn assay. This document takes in consideration only one
cut-off value for hs-cTnI, while it is conceivable that the
cut-off values for cardiovascular risk stratification should
be method-dependent, as the 99th percentile URL values
actually are [11, 36, 54, 61, 89]. In Table 2, the putative cut-
off values for risk stratification in general population for
cTnT and hs-cTnI are reported according to themost recent
studies [56,61, 64, 67, 95–97]. In Table 2, for cTnI assay is
reported the cut-off value for risk stratification related to
only one cTnI assay (i.e. the hs-cTnI Architect method),
because at present time there are no data available in the
literature for other commercial hs-cTnI methods.

Take-home messages

– Due to the low intra-individual biological variation of
cTnI and cTnT serial measurement of the biomarker
should significantly improve prognostic accuracy.

– However, practically, a single measurement of cTn
using high-sensitivity methods should be adequate for
the prediction of cardiovascular risk [63, 69].

– The values for risk prediction are strictly method-
dependent and probably far below the current cut-off
values of hs-cTn methods (i.e. the 99th percentile URL
values suggested by the manufacturers) (Table 2).

Conclusive remarks

Although the introduction of high-sensitivity methods
allowing an accurate detection of cTn levels in healthy
adults is very recent insight [34, 54, 61, 72–74], a large
number of studies has indicated that the cardiovascular
risk progressively increases in the general population even
for cTn values below the 99th percentile URL (i.e. the rec-
ommended cut-off for the detection of myocardial injury
and diagnosis of myocardial infarction) [48–50, 62–70].

From a clinical perspective, an increase in hs-cTnI
levels, even of only 5–10 ng/L over some months in a pa-
tient with a suspect of cardiomyopathy, should suggest an
initial myocardial remodelling, ultimately culminating in
symptomatic heart failure. Indeed, cTnI distribution in the
reference population indicate that an individual with a
cTnI concentration equal to the median value (about 2 ng/
L) should increase his/her myocardial renewal of about
14-fold in order to reach the 99th percentile URL value
(about 28 ng/L for the reference population including both
sexes) (Figure 1).

Figure 1: Relationship between plasma cTnI concentration values (Y
axis) and age (X axis) in 1,463 apparently healthy subjects of both
sexes (range 18–86 years, F/M = 0.95) measured with the Architect
hs-cTnI method [61].
The non-linear trend between age and hs-cTnI was evaluated by
means of a regression spline analysis. For spline analysis, themean
values of hs-cTnI concentrations, included in several small intervals
of age, were calculated and then reported in the graph. Finally, a
non-linear regression trend was interpolated considering these
mean hs-cTnI values. Themedian value of the distribution of hs-cTnI
values was also indicated with a dashed line.
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In conclusions, the results of most recent clinical
studies support the hypothesis that hs-cTn methods
are able to monitor myocardial renewal and remodel-
ling mechanisms, thus promptly identify individuals at
highest risk to develop symptomatic heart failure,
possibly resulting in early diagnosis and improved
prognosis [34, 48–50, 62–70, 72–74]. Indeed, an early
and effective treatment is required in high risk in-
dividuals in order to revert the initial myocardial
remodelling and slow down progression toward to
heart failure [9, 11, 98]. Therefore, these results should
promote some clinical studies specifically evaluating
the cost-benefit of a screening in the general popula-
tion in order to identify individuals at high cardio-
vascular risk, and in particular those at high-risk for
progression toward symptomatic heart failure, by us-
ing the hs-Tn methods. Futhermore, the screening
programs of cardiovascular risk stratification and pre-
vention strategies incorporating hs-cTn requires
further investigation to define the optimal target pop-
ulations, timing of measurement, and preventive in-
terventions [96].

Future perspectives

Gaps in the knowledge

– Cost-benefit analysis of serial measurements of cardio-
specific biomarkers in the general population is
needed.

– The role of cardiac biomarkers (i.e. natriuretic peptide
and cardiac troponin blood concentration) in risk

stratification in comparison with other biomarkers
should be better evaluated.

– The role of cardiac biomarkers (i.e. natriuretic peptide
and cardiac troponin blood concentration) in risk
stratification related to pharmacological treatment
should be better evaluated.

Works in progress

Taken in considerations all the evidences so far available,
the future studies on risk stratification in the general
population should be designed considering the following
issues:
– The enrolment of individuals in these studies should

follow the indications reported in 2016 and 2019
guidelines of the European Association for Cardiovas-
cular Prevention and Rehabilitation [1, 2].

– Individuals of both sexes with age >55 years and the
stage B of the heart failure should be evaluated with
hs-cTn assay (cTnI or cTnT).

– If the hs-cTn value is below the upper limit of the
interquartile range of the method, additional hs-cTn
measurements may be performed after 2–3 years, if the
clinical conditions of the subject are stable.

– If the hs-cTn value is in the third tertile of the method,
BNP/NT-proBNP should be measured as well. The
subjects should be re-evaluated after 6–12 months in
order to evaluate a progressive increase in ventricular
myocardial remodelling.

– In accordance with 2018 Fourth Universal Definition of
Myocardial Infarction, subjects with only one hs-cTn
value >99th percentile URL should be considered as
having myocardial injury [55]. However, to distinguish
between analytical interference and reversible or
persistent myocardial injury the hs-cTn measurement
should be repeated together with BNP/NT-proBNP. As
subjects with confirmed higher hs-cTn and cNP values
are at high cardiovascular risk, they should be accu-
rately evaluated for the presence of asymptomatic
cardiac alterations or extra-cardiac diseases able to
cause myocardial injury [34, 55, 72–74].

– There is a plethora of candidate cardiovascular risk
biomarkers, including cytokines, peptides, proteins,
metabolites and circulating nucleic acids [10–14, 45,
98, 99]. However, at present time, these putative new
markers seem to be clinically useful for a more accu-
rate stratification of risk only in patients with elevated
cNP and hs-cTn values, who are at high risk for an
accelerated progression to symptomatic HF [10–14, 45,
98, 99]. It is important to note that any aspirant new

Table : Suggested cut-off values for risk stratification in the gen-
eral population using cTnI and cTnT assays, measured with high-
sensitivity methods.

cTnIa Women Men

Low < ng/L < ng/L
Moderate – ng/L – ng/L
High > ng/L > ng/L

cTnTb Total Population

Low ≤ ng/L
Moderate .–. ng/L
High ≥. ng/L

a hs-cTnI Architect method (Abbott Diagnostics) [, , , ,
–]. b ElectroChemiLuminescenceImmunoAssay (ECLIA) hs-cTnT
Elecsys method (Roche Diagnostics) [].
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favourite will have to satisfy rigorous assessment of
their ability to facilitate improved clinical outcomes
before they enter routine clinical practice [10, 11, 16, 36,
45, 93, 94, 98, 99].

Research funding: None declared.
Author contributions: All authors have accepted
responsibility for the entire content of this manuscript
and approved its submission.
Competing interests: Authors state no conflict of interest.

References

1. Piepoli MF, Hoes AW, Agewall S, Albus C, Botons C, Catapano AL,
et al. 2016 European guidelines on cardiovascular disease
prevention in clinical practice: the Sixth Joint Task Force of the
European Society of Cardiology and other societies on
cardiovascular disease prevention in clinical practice (constituted
by representatives of 10 societies and by invited experts).
Developed with the special contribution of the European
Association for Cardiovascular Prevention and Rehabilitation
(EACPR). Eur Heart J 2016;37:2315–81.

2. Piepoli MF, Abreu A, Albus C, Ambrosetti M, Brotons C, Catapano AL,
et al. Update on cardiovascular prevention in clinical practice: a
position paper of the Association of Preventive Cardiology of the
European Society of Cardiology. Eur J Prev Cardiol 2020;27:181–205.

3. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD,
Hahn EJ, et al. 2019 ACC/AHA guideline on the primary prevention
of cardiovascular disease: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. Circulation 2019;140:e596–646.

4. Ebrahim S, Taylor F, Ward K, Beswick A, Burke M, Davey Smith G,
et al. Multiple risk factor interventions for primary prevention of
coronary heart disease. Cochrane Database Syst Rev 2001;1:
CD001561.

5. Fleming P, Godwin M. Lifestyle interventions in primary care:
systematic review of randomized controlled trials. Can Fam
Physician 2008;54:1706–13.

6. Álvarez-Bueno C, Cavero-Redondo I, Martínez-Andrés M, Arias-
Palencia N, Ramos-Blanes R, Salcedo-Aguilar F. Effectiveness of
multifactorial interventions in primary health care settings for
primary prevention of cardiovascular disease: a systematic
review of systematic reviews. Prev Med 2015;76:S68–75.

7. Rauch B, Davos CH, Doherty P, Saure D, Metzendorf MI, Salzwedel
A, et al. The prognostic effect of cardiac rehabilitation in the era of
acute revascularisation and statin therapy: a systematic review
and meta-analysis of randomized and non-randomized studies
– the cardiac rehabilitation outcome study (CROS). Eur J Prev
Cardiol 2016;23:1914–39.

8. Alageel S, Gulliford MC, McDermott L, Wright AJ. Multiple health
behaviour change interventions for primary prevention of
cardiovascular disease in primary care: systematic review and
meta-analysis. BMJ Open 2017;7: e015375.

9. Braunwald E. Biomarkers in heart failure. N Engl J Med 2008;358:
2148–59.

10. Emdin M, Vittorini S, Passino C, Clerico Al. Old and new
biomarkers of heart failure. Eur J Heart Fail 2009;11:331–5.

11. Passino C, Aimo A, Masotti S, Musetti V, Prontera C, Emdin M,
et al. Cardiac troponins as biomarkers for cardiac disease.
Biomarkers Med 2019;13:325–30.

12. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE , Jr., Drazner
MH, et al. 2013 ACCF/AHA guideline for the management of heart
failure: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice
Guidelines. Circulation 2013;128:e240–319.

13. Yancy CW, JessupM, Bozkurt B, Butler J, Casey DE , Jr., ColvinMM,
et al. 2017 ACC/AHA/HFSA focused update of the 2013 ACCF/AHA
guideline for the management of heart failure: a report of the
American College of Cardiology/American Heart Association Task
Force on Clinical PracticeGuidelines and the Heart Failure Society
of America. J Am Coll Cardiol 2017;70:735–803.

14. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ,
et al. Authors/Task Force Members; Document Reviewers. 2016
ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure: the Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European
Society of Cardiology (ESC) Developed with the special
contribution of the Heart Failure Association (HFA) of the ESC. Eur
Heart J 2016;37:2129–200.

15. Greeland P, Alpert FS, Beller GA, Benjamin EJ, Budoff MJ, Fayad
ZA, et al. 2010 ACCF/AHA guideline for for assessment of
cardiovascular risk in asymptomatic adult: a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. J Am Coll Cardiol
2010;56:e50–103.

16. Clerico A, Passino C, Franzini M, Emdin M. Cardiac biomarker
testing in the clinical laboratory: where do we stand? General
overview of the methodology with special emphasis on
natriuretic peptides. Clin Chim Acta 2015;443:17–24.

17. Mueller T, Gegenuber A, Poelz W, Haltmayer M. Head-to-head
comparison of the diagnostic utility of BNP and NT-proBNP in
symptomatic and asymptomatic structural heart disease. Clin
Chim Acta 2004;341:41–8.

18. Emdin A, Passino C, Prontera C, Fontana M, Poletti R, Gabutti A,
et al. Comparison of brain natriuretic peptide (BNP) and amino-
terminal proBNP for early diagnosis of heart failure. Clin Chem
2007;53:1289–97.

19. Park SI, Cho KI, Jung SJ, Choi JW, Lee DW, Lee HG, et al.
N-terminal pro-B-type natriuretic peptide in overweight and
obese patients with and without diabetes: an analysis based
on body mass index and left ventricular geometry. Korean Circ
J 2009;39:538–44.

20. Pfister R, Sharp S, Luben R, Welsh P, Barroso I, Salomaa V, et al.
Mendelian randomization study of B-type natriuretic peptide and
type 2 diabetes: evidence of causal association from population
studies. PLoS Med 2011;8: e1001112.

21. Kroon MH, van den Hurk K, Aisserna M, Stehouwer CDA, Henry
RMA, Diamant M, et al. Prospective association of B-type
Natriuretic Peptide with markers of left ventricular function in
individualswith andwithout type 2 diabetes. Diabetes Care 2012;
35:2510–14.

22. Fathy SA, Abdel Hamid FF, Zabut BM, Jamee AF, Ali MA, Abu
Mustafa AM. Diagnostic utility of BNP, corin and furin as
biomarkers for cardiovascular complications in type 2 diabetes
mellitus patients. Biomarkers 2015;20:460–9.

Clerico et al.: Cardiovascular risk evaluation using cardiac biomarkers 87



23. Ju C, Ye M, Li F. Plasma brain batriuretic peptide, endothelin-1,
and matrix metalloproteinase 9 expression and significance in
type 2 Diabetes Mellitus patients with ischemic heart disease.
Med Sci Mon Int Med J Exp Clin Res 2015;21:2094–9.

24. Ballo P, Betti I, Barchielli A, Balzi D, Castelli G, De Luca L,
et al. Prognostic role of N-terminal pro-brain natriuretic
peptide in asymptomatic hypertensive and diabetic patients
in primary care: impact of age and gender. Clin Res Cardiol
2016;105:421–31.

25. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M,
Burnier M, et al. Task force for the management of arterial
hypertension of the European Society of Cardiology (ESC) and the
European Society of Hypertension (ESH). 2018 ESC/ESH
guidelines for the management of arterial hypertension. Eur
Heart J 2018;39:3021–104.

26. Belluardo P, Cataliotti A, Bonaiuto L, Giuffrè E, Maugeri E,
Noto P, et al. Lack of activation of molecular forms of the BNP
system in human grade 1 hypertension and relationship to
cardiac hypertrophy. Am J Physiol Heart Circ Physiol 2006;
291:H1529–35.

27. Macheret F, Heublein D, Costello-Boerrigter LC, Boerrigter G,
McKie P, Bellavia D, et al. Human hypertension is characterized
by a lack of activation of the antihypertensive cardiac hormones
ANP and BNP. J Am Coll Cardiol 2012;60:1558–65.

28. Seven E, Husemoen LLN, Ibsen H, Friedrich N, Nauck M, Wachtell
K, et al. Higher serum concentrations of N-terminal pro-B-type
natriuretic peptide associate with prevalent hypertension
whereas lower associate with incident hypertension. PloS One
2015;10: e0117864.

29. De Lemos JA, Drazner MH, Omland T, Ayers CR, Khera A, Rohatgi
A, et al. Association of troponin T detected with a highly sensitive
assay and cardiac structure and mortality risk in the general
population. J Am Med Assoc 2010;304:2503–14.

30. Álvarez I, Hernández L, García H, Villamandos V, Lòpez MG,
Palazuelos Molinero J, et al. High-sensitivity troponin T assay in
asymptomatic high cardiovascular risk patients. The TUSARC
Registry. Rev Esp Cardiol (Engl Ed) 2017;70:261–6.

31. Hasler S,Manka R, GreutmannM, Gämperli O, Schmied C, Tanner
FC, et al. Elevated high-sensitivity troponin T levels are
associated with adverse cardiac remodelling and myocardial
fibrosis in hypertrophic cardiomyopathy. Swiss Med Wkly 2016;
146:w14285.

32. Neeland IJ, Drazner MH, Berry JD, et al. Biomarkers of chronic
cardiac injury and hemodynamic stress identify a malignant
phenotype of left ventricular hypertrophy in the general
population. J Am Coll Cardiol 2013;61:187–95.

33. Sundström J, Ingelsson E, Berglund L, Zethelius B, Lind L, Venge
P, et al. Cardiac troponin-I and risk of heart failure: a community-
based cohort study. Eur Heart J 2009;30:773–81.

34. Marjot J, Kaier TE, Martin ED, Reji SS, Copeland O, Iqbal M, et al.
Quantifying the release of biomarkers of myocardial necrosis
from cardiac myocytes and intact myocardium. Clin Chem 2017;
63:990–6.

35. Giannitsis E, Katus HA. Cardiac troponin level elevations not
related to acute coronary syndromes. Nat Rev Cardiol 2013;10:
623–34.

36. Collinson P. The role of cardiac biomarkers in cardiovascular
disease risk assessment. Curr Opin Cardiol 2014;29:366–71.

37. Apple FS, Steffen LM, Pearce LA, Murakami MAM, Luepker V.
Increased cardiac troponin I as measured by a high-sensitivity

assay is associated with high odds of cardiovascular death: the
Minnesota heart survey. Clin Chem 2012;58:930–35.

38. Eggers KM, Venge P, Lindahl B, Lind L. Cardiac troponin I levels
measured with a high-sensitive assay increase over time and are
strong predictors of mortality in an elderly population. J Am Coll
Cardiol 2013;61:1906–13.

39. de Lemos JA, DraznerMH,Omland T, Ayers CR, Khera A, Rohatgi A,
et al. Association of troponin T detected with a highly sensitive
assay and cardiac structure and mortality risk in the general
population. J Am Med Assoc 2010;304:2503–12.

40. Hussein AA, Gottdiener JS, Bartz TM, Sotoodehnia N, deFilippi C,
Dickfeld T, et al. Cardiomyocyte injury assessed by a highly
sensitive troponin assay and sudden cardiac death in the
community: the Cardiovascular Health Study. J Am Coll Cardiol
2013;62:2112–20.

41. Eggers KM, Al-Shakarchi J, Berglund L, Lindahl B, Siegbahn A,
Wallentin L, et al. High-sensitive cardiac troponin T and its
relations to cardiovascular risk factors, morbidity, and mortality
in elderly men. Am Heart J 2013;166:541–8.

42. Oluleye OW, Folsom AR, Nambi V, Lutsey P, Ballantyne CM, ARIC
Study Investigators. Investigators. Troponin T, B-type natriuretic
peptide, C-reactive protein, and cause-specific mortality. Ann
Epidemiol 2013;23:66–73.

43. Omland T, de Lemos JA, Holmen OL, Dalen H, Bent JS, Nygard S,
et al. Impact of sex on the prognostic value of high-sensitivity
cardiac troponin I in the general population: the HUNT study. Clin
Chem 2015;61:646–56.

44. Zeller T, Tunstall-Pedoe H, Saarela O, Ojeda F, Schnabel RB,
Tuovinen T, et al. High population prevalence of cardiac troponin I
measured by a high-sensitivity assay and cardiovascular risk
estimation: the MORGAM Biomarker Project Scottish Cohort. Eur
Heart J 2014;35:271–81.

45. MassonS, Agabiti N, Vago T,MiceliM,Mayer F, Letizia T, et al. The
fibroblast growth factor-23 and Vitamin D emerge as
nontraditional risk factors and may affect cardiovascular risk. J
Intern Med 2015;277:318–30.

46. Neumann JT, Havulinna AS, Zeller T, Appelbuam S, Kunnas T,
Nikkari S, et al. Comparison of three troponins as predictors of
future cardiovascular events: prospective results from the
FINRISK and BiomaCaRE studies. PloS One 2014;9: e90063.

47. Wang TJ, Wollert KC, Larson MG, Coglianese E, McCabe EL,
Cheng S, et al. Prognostic utility of novel biomarkers of
cardiovascular stress: the Framingham Heart Study.
Circulation 2012;126:1596–604.

48. Thorsteinsdottir I, Aspelund T, Gudmundsson E, Eiriksdottir G,
Harris TB, Launer LJ, et al. High-sensitivity cardiac troponin I is a
strong predictor of cardiovascular events and mortality in the
AGES-Reykjavik community-based cohort of older individuals.
Clin Chem 2016;62:623–30.

49. Van der Linden N, Klinkenberg LJ, Bekers O, van Loon LJC, van
Dieijen-Visser MP, Zeegers MP, et al. Prognostic value of
basal high-sensitive cardiac troponin levels on mortality in
the general population: a meta-analysis. Medicine 2016;95:
e5703.

50. Blankenberg S, Salomaa V, Makarova N, Ojeda F, Wild P, Lackner
KJ, et al. Troponin I and cardiovascular risk prediction in the
general population: the BiomarCaRE consortium. Eur Heart J
2016;37:2428–37.

51. Michos ED, Wilson LM, Yeh HC, Berger Z, Suarez-Cuervo C, Stacy
SR, et al. Prognostic value of cardiac troponin in patients with

88 Clerico et al.: Cardiovascular risk evaluation using cardiac biomarkers



chronic kidney disease without suspected acute coronary
syndrome: a systematic review and meta-analysis. Ann Intern
Med 2014;161:491–501.

52. Khan NA, Hemmelgarn BR, Tonelli M, Thompson CR, Levin A.
Prognostic value of troponin T and I among asymptomatic
patients with end-stage renal disease: a meta-analysis.
Circulation 2005;112:3088–96.

53. Lipinski MJ, Baker NC, Escárcega RO, Torguson R, Chen F, Aldous
SJ, et al. Comparison of conventional and high-sensitivity
troponin in patients with chest pain: a collaborative meta-
analysis. Am Heart J 2015;169:6–16. e16.

54. Wu AHB, Christenson RH, Greene DN, Jaffe AS, Kavsak PA,
Ordonez-Lianos J, et al. Clinical laboratory practice
recommendations for the use of cardiac troponin in acute
coronary syndrome: expert opinion from the Academy of the
American Association for Clinical Chemistry and the Task force on
Clinical Applications of Cardiac Bio-markers of the International
Federation of Clinical Chemistry and Laboratory Medicine. Clin
Chem 2018;64:645–55.

55. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA,
et al. ESC Scientific document group. Fourth universal definition
of myocardial infarction (2018). Eur Heart J 2019;40:237–69.

56. Krintus M, Kozinski M, Boudry P, Capell NE, Köller U, Lackner K,
et al. European multicenter analytical evaluation of the Abbott
ARCHITECT STAT highly sensitive troponin I immunoassay. J Am
Coll Cardiol 2018;72:2231–64.

57. FranziniM, Lorenzoni V,Masotti S, Prontera C, ChiappinoD, Della
Latta D, et al. The calculation of the cardiac troponin T 99th
percentile of the reference population is affected by age, gender,
and population selection: a multicenter study in Italy. Clin Chim
Acta 2015;438:376–81.

58. Masotti S, Prontera C, Musetti V, Storti S, Ndreu R, Zucchelli GC,
et al. Evaluation of analytical performance of a new high-
sensitivity immunoassay for cardiac troponin I. Clin Chem Lab
Med 2018;56:492–501.

59. Masotti S, Musetti V, Prontera C, Storti S, Passino C, Zucchelli G,
et al. Evaluation of analytical performance of a
chemiluminescence enzyme immunoassay (CLEIA) for cTnI using
the automated AIA-CL2400 platform. Clin Chem Lab Med 2018;
56:e174–6.

60. Musetti V, Masotti S, Prontera C, Storti S, Ndreu R, Zucchelli GC,
et al. Evaluation of the analytical performance of a new ADVIA
immunoassay using the Centaur XPT platform system for the
measurement of cardiac troponin I. Clin Chem Lab Med 2018;56:
e229–31.

61. Clerico A, Ripoli A, Zaninotto M, Masotti S, Musetti V, Ciaccio
M, et al. Head-to-head comparison of plasma cTnI
concentration values measured with three high-sensitivity
methods in a large Italian population of healthy volunteers and
patients admitted to emergency department with acute
coronary syndrome: a multi-center study. Clin Chim Acta 2019;
496:25–34.

62. Sze J, Mooney J, Barzi F, Hillis GS, Chow CK. Cardiac troponin and
its relationship to cardiovascular outcomes in community
populations. A systematic review and meta-analysis. Heart Lung
Circ 2016;25:217–28.

63. HughesMF, Ojeda F, Saarela O, Jørgensen T, Zeller T, Palosaari T,
et al. Association of repeatedly measured high-sensitivity-
assayed troponin I with cardiovascular disease events in a

general population from the MORGAM/BiomarCaRE Study. Clin
Chem 2017;63:334–42.

64. Zellweger MJ, Haaf P, Maraun M, Osterhues HH, Keller U, Müller-
Brand J, et al. Predictors and prognostic impact of silent coronary
artery disease in asymptomatic high-risk patients with diabetes
mellitus. Int J Cardiol 2017;244:37–42.

65. Sigurdardottir FD, Lynbakken MN, Holmen OL, Dalen H, Hveem
K, Røsjø H, et al. Relative prognostic value of cardiac troponin I
and C-reactive protein in the general population (from the
North-Trøndelag Health [HUNT] Study. Am J Cardiol 2018;121:
949–55.

66. Willeit P, Welsh P, Evans JDW, Tschiderer L, Boachie C, Wouter
Jukema J, et al. High-sensitivity cardiac troponin concentration
and risk of first-ever cardiovascular outcomes in 154,052
participants. J Am Coll Cardiol 2017;70:558–68.

67. Welsh P, Preiss D, Shah ASV, McAllister D, Briggs A, Boachie C,
et al. Comparison between high-sensitivity cardiac troponin T
and cardiac troponin I in a large general population cohort. Clin
Chem 2018;64:1607–16.

68. Zhu K, Knuiman M, Divitini M, Murray K, Lim EM, St John A, et al.
High-sensitivity cardiac troponin I and risk of cardiovascular
disease in an Australian population-based cohort. Heart 2018;
104:895–903.

69. Lyngbakken MN, Røsjø H, Oddgeir L, Holmen OL, Dalen H, Hveem
K, et al. Temporal changes in cardiac troponin I are associated
with risk of cardiovascular events in the general population: the
Nord-Trøndelag Health Study. Clin Chem 2019;65:871–81.

70. Jia X, Sun W, Hoogeveen RC, Nambi V, Matsushita K, Folsom AR,
et al. High-sensitivity troponin I and incident coronary events,
stroke, heart failure hospitalization, and mortality in the ARIC
study. Circulation 2019;139:2642–53.

71. Clerico A, Giannoni A, Vittorini S, Passino C. Thirty years of the
heart as an endocrine organ: physiological role and clinical utility
of cardiac natriuretic hormones. Am J Physiol Heart Circ Physiol
2011;301:H12–20.

72. Giannoni A, Giovannini S, Clerico A. Measurement of circulating
concentrations of cardiac troponin I and T in healthy subjects: a
tool for monitoring myocardial tissue renewal?. Clin Chem Lab
Med 2009;47:1167–77.

73. Hickman PE, Potter JM, Aroney C, Koerbin G, Southcott E,Wu AHB,
et al. Cardiac troponin may be released by ischemia alone,
without necrosis. Clin Chim Acta 2010;411:318–23.

74. Mair J, Lindahl B, Hammarsten O, Müller C, Giannitsis E, Huber K,
et al. How is cardiac troponin released from injured myocardium?.
Eur Heart J Acute Cardiovasc Care 2018;7:553–60.

75. Peacock WF. Time to treatment and acute coronary syndromes:
bridging the gap in rapid decision making. Rev Cardiovasc Med
2010;11(2 Suppl):S45–50.

76. Everett BM, Zeller T, Glynn RJ, Ridker PM, Blankenberg S. Events
in primary prevention. Impact of statin therapy. Circulation 2015;
131:1851–60.

77. Shalaby AA, Abraham WT, Fonarow GG, Bersohn MM, Gorcsan J,
Lee LY, et al. Association of BNP and troponin levelswith outcome
among cardiac resynchronization therapy recipients. Pacing Clin
Electrophysiol 2015;38:581–90.

78. du Fay de Lavallaz J, Badertscher P, Nestelberger T, Zimmermann
T,MiròO, Salgado E, et al. B-type natriuretic peptides and cardiac
troponins for diagnosis and risk-stratification of syncope.
Circulation 2019;139:2403–18.

Clerico et al.: Cardiovascular risk evaluation using cardiac biomarkers 89



79. Clerico A, Fontana M, Vittorini D, Emdin M. The search for a
pathophysiological link between gender, cardiac endocrine
function, body mass regulation and cardiac mortality: proposal
for a working hypothesis. Clin Chim Acta 2009;405:1–7.

80. Clerico A, Giannoni A, Vittorini S, Emdin M. The paradox of low
BNP levels in obesity. Heart Fail Rev 2012;17:81–96.

81. Clerico A, Passino C, Emdin M. The paradox of low B-type
natriuretic peptide levels in obesity revisited: does gender
matter?. Eur J Heart Fail 2018;20:1215–6.

82. Katrukha IA. Human cardiac troponin complex. Structure and
functions. Biochemistry 2013;78:1447–65.

83. Apple FS, Sandoval Y, Jaffe AS, Ordonez-Lianos J. IFCC Task
Force on Clinical Application of Cardiac Bio-Markers. Cardiac
troponin assays: guide to understanding analytical
characteristics and their impact on clinical care. Clin Chem
2017;63:73–81.

84. Aakre KM, Røraas T, Petersen PH, Svarstad E, Sellevoll H,
Skadberg O, et al. Weekly and 90-minute biological variations in
cardiac troponin T and cardiac troponin I in hemodialysis patients
and healthy controls. Clin Chem 2014;60:838–47.

85. van der Linden N, Hilderink JM, Cornelis T, Kimenai DM,
Kinkenberg LJJ, van Doom WP, et al. Twenty-four-hour
biological variation profiles of cardiac troponin I in individuals
with or without chronic kidney disease. Clin Chem 2017;63:
1655–6.

86. Fournier S, Iten L, Marques-Vidal, Boulat O, Bardy D, Beggah A,
et al. Circadian rhythmof blood cardiac troponin T concentration.
Clin Res Cardiol 2017;106:1026–32.

87. Meijers WC, van der Velde AR, Muller Kobold AC, Dijck-Brouwer J,
Wu AH, Jaffe A, et al. Variability of biomarkers in patients with
chronic heart failure and healthy controls. Eur J Heart Fail 2017;
19:357–65.

88. Zaninotto M, Padoan A, Mion MM,Marinova M, Plebani M. Short-
term biological variation and diurnal rhythm of cardiac troponin I
(Access hs-TnI) in healthy subjects. Clin Chim Acta 2020;504:
163–7.

89. Clerico A, ZaninottoM, Ripoli M,Masotti S, Prontera C, Passino C,
et al. The 99th percentile of reference population for cTnI and cTnT

assay: methodology, pathophysiology, and clinical implications.
Clin Chem Lab Med 2017;55:1634–51.

90. RoffiM, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F,
et al. 2015 ESC guidelines for the management of acute coronary
syndromes in patients presentingwithout persistent ST-segment
elevation: task force for the management of acute coronary
syndromes in patients presentingwithout persistent ST-segment
elevation of the European Society of Cardiology (ESC). Eur Heart J
2016;37:267–315.

91. Fraser CG. Reference change values. Clin Chem LabMed 2011;50:
807–12.

92. Ndreu R, Musetti V, Masotti S, Zaninotto M, Prontera C, Zucchelli
GC, et al. Evaluation of the cTnT immunoassay using quality
control samples. Clin Chim Acta 2019;495:269–70.

93. Hlatky MA, Greenland P, Arnett DK, Ballantyne CM, Criqui M,
Elkind MSV, et al. Criteria for evaluation of novel markers of
cardiovascular risk: a scientific statement from the American
Heart Association. Circulation 2009;119:2408–16.

94. Wang TJ. Assessing the role of circulating, genetic and imaging
biomarkers in cardiovascular risk prediction. Circulation 2011;
123:551–65.

95. Lam CSP, Castillo R, Ho DT, Kasliwal RR, Khurana R, Naik S, et al.
High-sensitivity troponin I for cardiovascular risk stratification in
the general asymptomatic population: perspectives from Asia-
Pacific. Int J Cardiol 2019;282:93–8.

96. FarmakisD,Mueller C, Apple FS. High-sensitivity cardiac troponin
assays for cardiovascular risk stratification in the general
population. Eur Heart J 2020; ehaa083. https://doi.org/10.1093/
eurheartj/ehaa083. [Online ahead of print].

97. Welsh P, Preiss D, Hayward C, Shah ASV, McAllister D, Briggs A,
et al. Cardiac troponin T and troponin I in the general population.
Comparing and contrasting their genetic determinants and
associations with outcomes. Circulation 2019;139:2754–64.

98. Braunwald E. The war against heart failure: the Lancet lecture.
Lancet 2015;385:812–24.

99. Richards AM. Future biomarkers in cardiology: my favourites. Eur
Heart J 2018;20(G Suppl):G37–44. https://doi.org/10.1093/
eurheartj/suy023.

90 Clerico et al.: Cardiovascular risk evaluation using cardiac biomarkers

https://doi.org/10.1093/eurheartj/ehaa083
https://doi.org/10.1093/eurheartj/ehaa083
https://doi.org/10.1093/eurheartj/suy023
https://doi.org/10.1093/eurheartj/suy023

	Evidence on clinical relevance of cardiovascular risk evaluation in the general population using cardio-specific biomarkers
	Introduction
	Aim

	Review of experimental and clinical results
	Pathophysiological and clinical relevance of cardio-specific biomarkers in the prevention of cardiovascular risk
	Cardiac natriuretic peptides
	Cardiac troponin I and T
	Take-home messages

	Pathophysiological characteristics and clinical interpretations of cardio-specific biomarkers
	Take-home messages

	Comparison of analytical and biological characteristics of cardio-specific biomarkers
	Take-home messages

	Design and result interpretation of experimental protocols for cardiovascular risk evaluation in the general population
	Take-home messages


	Conclusive remarks
	Future perspectives
	Gaps in the knowledge
	Works in progress

	References

