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While the received traditional predictors are still the mainstay in the diagnosis and prognosis of CVD events, increasing studies
have focused on exploring the ancillary effect of biomarkers for the aspiring of precision. Under which circumstances, soluble
ST2 (sST2), lipoprotein-associated phospholipase A2 (Lp-PLA2), myeloperoxidase (MPO), and procalcitonin (PCT) have
recently emerged as promising markers in the field of both acute and chronic cardiovascular diseases. Existent clinical studies
have demonstrated the significant associations between these markers with various CVD outcomes, which further verified the
potentiality of markers in helping risk stratification and diagnostic and therapeutic work-up of patients. The current review
article is aimed at illuminating the applicability of these four novels and often neglected cardiac biomarkers in common clinical
scenarios, including acute myocardial infarction, acute heart failure, and chronic heart failure, especially in the emergency
department. By thorough classification, combination, and discussion of biomarkers with clinical and instrumental evaluation, we
hope the current study can provide insights into biomarkers and draw more attention to their importance.

1. Introduction

Cardiovascular disease (CVD), a major global disease bur-
den, is the leading cause of death and disability worldwide

[1]. Among these, acute myocardial infarction, acute heart
failure, and chronic heart failure are the most common man-
ifestations. There are validated biomarkers used at present,
for example, troponin which possesses high specificity and
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sensitivity when diagnosing acute myocardial infarction and
BNP/NT-proBNP which is used to assess the severity of heart
failure. Although the treatment of CVD has made gratifying
progress, traditional biomarkers inevitably have the problem
of residual risk omission in the screening of high-risk groups
and accurate diagnosis, management, and prognosis of the
disease. For this reason, the studies of novel biomarkers are
becoming the main task. The search for novel biomarkers
with a long half-life and good stability of myocardium has a
wide range of applications and values in clinical diagnosis.
In the pursuing of precision, the study of biomarkers has
become one of the main tasks in CVD. This article reviews
four novel cardiac biomarkers which are very significant
but have not been used routinely in clinical practice. These
biomarkers can be expected for future application in clinical
practice.

2. Biological Metabolism of Myocardial Markers

Soluble suppression of tumorigenicity 2 (sST2) is a member of
the IL-1 receptor family, which contains two subtypes, solu-
ble ST2 (sST2) and transmembrane ST2 (ST2L), mainly
expressed in cardiomyocytes, reflecting the stress of the ven-
tricular wall and is associated with inflammation and
immune response [2]. The interaction of ST2L and IL-33
can mitigate cardiac hypertrophy and myocardial fibrosis,
thereby exerting protection on the myocardium. On the con-
trary, sST2 removes IL-33 from the circulation, promoting
cardiac hypertrophy, fibrosis, and ventricular dysfunction
[3].

The expression of sST2 was upregulated with myocardial
ischemia or mechanical stress, which plays an important role
in myocardial remodeling after ischemic injury. It is a prom-
ising prognostic biomarker for predicting future clinical
heart failure and death in myocardial ischemia patients and
has synergy with established heart biomarkers in predicting
value [4].

Lipoprotein-associated phospholipase A2 (Lp-PLA2)
belongs to group VII of the PLA2 superfamily, currently
composed of six types and divided into 16 distinct groups
[5]. This enzyme is secreted mainly by macrophages and cir-
culates in the blood as a compound of low-density lipopro-
tein (LDL) and high-density lipoprotein (HDL). Lp-PLA2
most often combines with LDL (>80%) and HDL (round
10%), whereas it rarely interacts with VLDL or Lp (a) [5].
Lp-PLA2 can hydrolyze oxidized LDL to two biologically
active products, named lysophosphatidylcholine (lysoPC)
and oxidized nonesterified fatty acids (oxNEFAs). LysoPC
appears to stand for most of Lp-PLA2-caused inflammation
responses. It has a strong proinflammatory and proathero-
sclerosis effect [5]. The high upregulation of Lp-PLA2 in ath-
erosclerosis plaques is associated with plaque rupture and
may therefore represent underlying vascular inflammation
and plaque rupture [6]. Results based on available basic and
epidemiological studies suggest that lowering Lp-PLA2
reduces the risk of cardiovascular disease, which grants Lp-
PLA2 potential to become an important diagnostic index
for the risk prediction and prognosis of CVDs.

Myeloperoxidase (MPO) is a key element of the innate
immune system. It is found in the aniline blue granules of
myeloid cells (mainly neutrophils and monocytes) and is a
specific marker of myeloid cells. During neutrophil activa-
tion, lysosomal-phagosome fusion leads to the release of
MPO, while the assembly of NADPH oxidase complex on
the inner surface of the membrane leads to the production
of superoxide anions (O2

-), which rapidly decompose to
hydrogen peroxide (H2O2). MPO catalyzes the reaction of
H2O2 with chloride ions (Cl-) to form hypochlorous acid
(HOCl), which helps to destroy microorganisms in the
phagocytic lysosome. However, some MPO were released
extracellularly, where HOCL is produced to promote the
development of host tissue damage and disease [7]. Although
the development of HOCl has a crucial effect on removing
pathogens, HOCl and other reactive species derived from
MPO cause oxidative tissue damage and cell dysfunction,
which further promote disease outcomes [8]. In addition,
MPO plays an important role in atherosclerosis and cardio-
vascular and cerebrovascular diseases [9]. It involves the for-
mation of atherosclerosis that is modified by LDL, reduces
the antiatherosclerotic properties of HDL [10, 11], contains
bioavailability of nitric oxide and leads to endothelial dys-
function [12, 13], and promotes endothelial cell apoptosis
and thrombosis.

Procalcitonin (PCT) is a propeptide substance of no hor-
mone activity calcitonin (CT). This glycoprotein is composed
of 116 amino acids and has a molecular weight of 13,000.
During normal metabolism, PCT, generated from thyroid C
cell secretion, can rarely be detected in serum or cerebrospi-
nal fluid in a healthy population (<0.05μg/l) [14]. However,
PCT releasement upsurges due to the upregulation of endo-
toxins and other mediators (such as interleukin- (IL-) 1B,
tumor necrosis factor- (TNF-) a, and IL-6) [15]. These char-
acteristics made PCT preferable to markers such as white
blood cell (WBC) or CRP to possess more specificity for bac-
terial infections and may allow PCT to be used to distinguish
bacterial from viral infections and other noncommunicable
diseases [16, 17]. Until now, a growing number of researchers
have supported PCT testing in patients with CVDs, including
patients with shortness of breath, possible heart failure, sus-
pected endocarditis, and acute coronary syndrome [18].

3. Clinical Impact of Cardiac Markers

3.1. sST2. The American heart failure cohort study (PRIDE
study) [19] which analyzed 593 patients from the emergency
department with acute dyspnea (with or without HF) found
that sST2 concentrations were significantly higher in ADHF
patients than in non-HF patients. Although NT-proBNP
was significantly superior to sST2 in diagnosing ADHF,
sST2 has more important value when it comes to prognosis
since the ADHF-induced mortality population, within one
year, has significantly higher sST2 concentration than sur-
vivals (1.08 vs. 0.18 ng/ml, P < 0:001). It is noteworthy that
the prognostic value of both sST2 and NT-proBNP is addi-
tive; that is, patients with increased NT-proBNP and sST2
have the highest mortality rate in 1 year, which is about
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40%; the prognostic value of sST2 combined with NT-
proBNP maintained 4 years after the disease onset.

The PRIDE research [20] also shown that, compared to
survivors, patients who died in 1 year (67.4 vs. 35.8 ng/ml;
P < 0:001) and 4 years (47.4 vs. 35.6 ng/ml, P = 0:01) have a
higher sST2 level. Thus, sST2 ≥ 35ng/ml was recommended
as a predictor threshold for a poor prognosis, and the risk
of death is significantly increased once beyond this threshold
value. In 2014, a total of 1528 ADHF patients were enrolled
in the Heart Failure Center of Beijing Fuwai Hospital for
sST2 measurement, a prospective study [21]. The result has
shown that the population with the highest sST2 concentra-
tion quartile (55.6 ng/ml) has a significantly higher rate of
adverse outcomes (all-cause mortality or heart transplanta-
tion) than patients with the lowest sST2 concentration quar-
tile (25.2 ng/ml).

sST2 concentration correlates with left ventricular ejec-
tion fraction. Most patients with reducing LVEF contain
higher sST2 concentration, with threshold value dependent
on different studies. Results from a global multicenter ADHF
cohort study which contains 11 countries [22] show that
sST2 concentration has incremental value on traditional clin-
ical variables in predicting 30-day and 1-year mortality at risk
stratification. The ASCEND Heart Failure Trial, a multi-
country, multicenter prospective randomized controlled trial
in ADFF patients [23], conducted marker research for 858
patients from most North American subjects. With a mean
LVEF level of 31:6 ± 15%, the ASCEND study found that a
higher sST2 concentration is positively associated with the
risk of mortality within 180 days with a quarterly sST2 level.
However, the prognostic value of baseline sST2 was reduced
after adjustment for clinical covariates and NT-proBNP.
Also, patients with increasing sST2 concentration
(>60ng/ml) were reported to have higher 180-day mortality
than patients with lower sST2 during the follow-up period.
Pascual-Figal et al. [24] conducted a prospective study on
107 ADHF inpatients (LVEF 47 ± 15%), and results show
that sST2 concentration > 65ng/ml has a strong predictive
value on risk of mortality.

sST2 (reflecting myocardial fibrosis and remodeling),
hsTnT (indicating myocardial necrosis), and NT-proBNP
(identifying myocardial stretch) concentration provide addi-
tional prognostic information for patients with ADHF,
respectively. When used together, these markers further pro-
vide better risk stratification. sST2 concentration changed
rapidly in HF circumstance, especially after diagnosis treat-
ment. When baseline sST2 was validated to have the prog-
nostic effect, more current studies claim that continuous
measurements greatly increase the amount of available
prognostic information, and the use of sST2 as a monitor-
ing tool appears to be particularly advantageous [25]. In
ADHF patients, sST2 concentration tends to decrease after
the start of treatment and presents itself as an important
prognostic factor both at admission and during hospitali-
zation. Therefore, for ADHF patients, sST2 concentration
should be assessed at baseline (for initial risk assessment
and shunt) and also measured posttreatment to reflect
treatment effectiveness and help decision-making for fur-
ther treatment.

sST2 also has important prognostic assessment value for
CHF patients to help with targeted treatment and follow-up,
which potentially improve quality of life and long-term out-
comes. The association between sST2 levels and risk of death
was determined at the University of Pennsylvania Hospital in
a multicenter prospective cohort study (PHFS) which
included 1141 CHF outpatients. According to tertiles of
sST2 levels, sST2 > 36:3ng/ml contains higher risk of nega-
tive outcomes compared to sST2 ≤ 22:3ng/ml. sST2 is a pow-
erful biomarker for CHF patients’ prognostic assessment,
and the interaction between sST2 and NT-proBNP further
improves the assessment of the prognosis on top of clinical
risk assessment [26]. A German study of 891 outpatients
who received treatment for HF showed that in a multivariate
Cox proportional risk model, sST2 and NT-proBNP could
both significantly predict the risk of mortality [27]. Based
on the results of the CORONA study of 1449 patients aged
over 60 years with ischemic etiology of CHF (LVEF 40%)
[28], the mean sST2 level is 17.8 (IQR: 0.2-400.0 ng/ml).
According to COX regression analysis, sST2 > 28:8ng/ml
was found to be associated with CVD mortality, nonfatal
MI, and stroke. In 2331 CHF patients (left ventricular ejec-
tion fraction < 35%) in the US HF-ACTION study with a
median baseline sST2 level of 23.7 ng/ml (IQR: 18.6-31.8)
[29], the sST2 level was found to be independently associated
with HF patients’ prognosis in the multivariate model after
adjustment for covariates and NT-proBNP. A doubling of
the baseline sST2 level significantly increased the risk of
CVD mortality, all-cause mortality, or hospitalization. How-
ever, sST2 did not significantly increase the reclassification of
risk through the change of C statistic, improvement of the net
weight classification, and comprehensive discrimination.
Despite robust relationships in traditional multivariate
modeling, the effect of sST2 on identification and risk predic-
tion is not significant. Further studies are required to illus-
trate the role of sST2 in CHF risk stratification.

Information about the aforementioned studies about
sST2 is recapitulated in Table 1. Despite limited value in
diagnosing ADHF and CHF, sST2 have shown vital signifi-
cance regarding the prognostic process. Increasing studies
not only have shown that higher baseline sST2 concentration
is frequently associated with a higher risk of adverse event
outcomes and mortality but also revealed an additive value
of sST2 in the prognosis of ADFH and CHF to traditional
predictors; we therefore believe that such markers have great
potential and should gain more attention in the clinical
practice.

3.2. Lp-PLA2. Studies related to Lp-PLA2 have focused on
cardiovascular and cerebrovascular diseases due to the proin-
flammatory and proatherosclerotic effects of Lp-PLA2. Total
plasma Lp-PLA2 was found to be predictive in cardiac death
in 524 Athens patients with continuous stable coronary
artery disease (CAD) who were followed for an average of
34 months [30]. Among 224 African Americans and 336
Caucasians who underwent coronary angiography, Lp-
PLA2 activity and index (a comprehensive measure of mass
and activity) were determined to be associated with the pres-
ence of coronary heart disease (CAD). The findings
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suggested an independent influence of vascular inflammation
in African Americans as a cause of CAD risk and under-
scored the importance of Lp-PLA2 as a cardiovascular risk
factor [31]. Similarly, Lp-PLA2 was found to corelate with
CVD events in a nested case-control study based on people
with high insulin resistance and diabetes from American
Indians [32]. In addition, this study found that the quality
of Lp-PLA2 is negatively associated with CVDs. Another
study involving 25 isolated patients with isolated coronary
artery ectasia (CAE) without stenosis and 25 control groups
with normal coronary angiography in the Turkish popula-
tion found that the Lp-PLA2 level was significantly higher
in isolated CAE patients compared with patients with normal
angiographic coronary arteries, which suggested that Lp-
PLA2 may also be involved in the pathogenesis of CAE
[33]. In 4537 US individuals without baseline peripheral

artery disease (PAD), higher Lp-PLA2 quality and activity
were associated with the occurrence of clinical PAD events
[34]. Lp-PLA2 activity was significantly and positively associ-
ated with carotid intima-media thickness (IMT) and plaques
in 929 Japanese men aged 50-79 years, but the Mendelian
randomized study did not support Lp-PLA2 as a cause of
subclinical atherosclerosis [35]. Increased Lp-PLA2 activity
was found to be associated with significantly fast progression
of aortic stenosis (AS) in 183 patients with mild AS from
Quebec, Canada, but no corelationship was found in patients
with moderate or severe AS [36]. The Lp-PLA2 activity level
was significantly associated with coronary heart disease in
men and women with type 2 diabetes [37]. However, there
are studies that showed opposite results. No significant asso-
ciation between microcerebral hemorrhage (CMB) and Lp-
PLA2 measurements was observed in 819 Framingham

Table 1: Summary of clinical studies on the relationship between sST2 and adverse outcomes.

Study Country Patients Outcome
sST2

measurement
method

sST2
concentration
for higher risk

PRIDE study [20] USA
593 patients with acute

dyspnea

1-year mortality
Enzyme-linked
immunosorbent

assay

67.4 vs.
35.8 ng/ml

4-year mortality
Enzyme-linked
immunosorbent

assay

47.4 vs.
35.6 ng/ml

Heart Failure
Center of Beijing
Fuwai Hospital
[21]

China 1528 ADHF patients
Adverse outcomes (all-cause mortality or heart

transplantation)

≥55.6 ng/ml
vs.

<25.2 ng/ml

MOCA study
[22]

11 countries∗ 5306 patients hospitalized
for ADHF

30-day and 1-year mortality — —

ASCEND Heart
Failure Trial [23]

USA
858 acute HF subjects with
a mean LVEF level of 31:6

± 15%
180-day mortality

The presage ST2
assay

>60 ng/ml

University
Hospital Virgen
de la Arrixaca
[24]

Spain
107 consecutive ADHF

patients
All-cause mortality

High-sensitivity
sandwich

immunoassay
>65 ng/ml

Penn Heart
Failure Study
(PHFS) [26]

USA 1141 CHF outpatients
All-cause mortality or cardiac

transplantation

Highly sensitive
sandwich
monoclonal
immunoassay

>36.3 ng/ml
vs.

≤22.3 ng/ml

A German study
by Bayes-Genis
et al. [27]

Spain 891 ambulatory patients All-cause mortality

High-sensitivity
sandwich
monoclonal
immunoassay

>50 ng/ml

CORONA study
[28]

Multicountry

1449 patients aged over 60
years with ischemic

etiology of CHF (LVEF
40%)

CVD mortality, nonfatal MI, and
stroke

Presage® ST2
assay

>28.8 ng/ml

HF-ACTION
study [29]

Greece
2331 CHF patients
(LVEF < 35%)

All-cause mortality or hospitalization,
cardiovascular mortality or heart

failure hospitalization, and all-cause
mortality

Dual monoclonal
antibody

immunoassay
>35 ng/ml

∗Austria (n = 137), Czech Republic (n = 1917), Finland (n = 620), France (n = 199), Netherlands (n = 367), Italy (n = 213), Japan (n = 144), Spain (n = 107),
Switzerland (n = 609), Tunisia (n = 187), and the United States (n = 597 for Cleveland, n = 209 for Boston).
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Offspring participants with an average age of 73 years [38]. A
cross-sectional study of 921 nonstroke patients in Barcelona
found that although Lp-PLA2 was independently associated
with silent cerebral infarction in women, the addition of
Lp-PLA2 to clinical variables did not improve its predictive
ability [39]. The inconsistent result was observed in studies
with the Chinese population as well. Most studies showed
that Lp-PLA2 is a risk factor associated with cardiovascular
and cerebrovascular diseases. The quality of Lp-PLA2 is pos-
itively associated with subclinical atherosclerosis determined
by asymptomatic cerebral artery stenosis (ACAS), intracra-
nial artery stenosis (ICAS), and extracranial artery stenosis
(ECAS) in north China regions, especially for male gender
and older population, which substantiated that Lp-PLA2
quality may be a potential biomarker for the detection of
adult ACAS [40]. A prospective study examined Lp-PLA2
quality in 3401 participants from the Chinese Acute Ischemic
Stroke Blood Pressure Reduction Trial and found that the
accumulated incidence rate for all-cause mortality increased
in the quarters of Lp-PLA2 quality [41]. In a multicenter,
randomized control clinical trial, Lp-PLA2 activity was not
found to increase in patients who were without intracranial
artery stenosis, which suggests a better response to dual anti-
platelet therapy in patients with mild stroke or high-risk
transient ischemic attack to prevent dual stroke and concur-
rent vascular events [42]. From another Chinese RCT study,
a higher level of Lp-PLA2 activity in the onset of the acute
phase was associated with an increased risk of short-term
recurrent vascular events [43]. However, opposite results
have been observed as well. In a 7-year follow-up study that
included 90,000 Chinese population, reduction in Lp-PLA2
activity was not associated with a major risk of vascular or
nonvascular disease in adults [44]. To sum up, controversy
about the role of Lp-PLA2 in cardiovascular and cerebrovas-
cular diseases does exist because of inconsistent and limited
studies. More researches with diverse data characteristics
and huge data sizes should be developed to validate the prac-
ticability of Lp-PLA2.

3.3. MPO. There is elevated evidence shown that circulation
MPO protein concentration is not only associated with the
rate of coronary artery disease (CAD) but also related to
the severity of the disease. A case-control study including
874 angiographically proven CAD patients has shown an
advanced MPO level in CAD patients and elevated MPO
level in the progress of non-ST segment elevation of the acute
coronary syndrome and acute myocardial infarction from
stable CAD [45]. The study by Samsamshariat et al. included
50 cases of stable CAD patients, unstable CAD patients, and
the control group, respectively. Its results showed that unsta-
ble CAD patients had a higher level of plasma MPO level
(71:2 ± 19:6ng/ml) than both stable CAD patients
(34:5 ± 6:8ng/ml) and control groups (23:0 ± 3:6ng/ml)
(P < 0:001) [46]. Study from Pawlus et al. and Tretjakovs
et al. reported that serumMPO concentration increased with
the development of CAD, and patients with unstable CAD
and myocardial infarction have a significantly elevated level
of MPO compared to healthy subjects and stable angina pec-
toris patients [47, 48].

Furthermore, in patients who are diagnosed with acute
myocardial infarction, the MPO level is higher than patients
with angina pectoris [49, 50] or stable CAD [51]; meanwhile,
there is a significant association between MPO concentration
and angiographically detected coronary artery stenosis [52,
53]. Rebeiz et al. reported that elevation in plasma MPO
could be used to identify coronary artery stenosis in 398 cases
of negative chest pain with troponin patients, in which ele-
vated quartiles of MPO concentration are closely associated
with coronary artery stenosis, coronary thrombosis, and pla-
que ulcers [54]. It is noteworthy that, for patients who suf-
fered from fatal or nonfatal CAD, the aforementioned
relationship is much stronger, which confirmed the idea that
theMPO level is associated with the severity of CAD. Overall,
a large body of studies has supported the association between
elevated MPO levels with CAD and a dose-response relation-
ship between MPO levels and the severity of CAD.

Some studies revealed the predictive ability of MPO on
major adverse cardiovascular events (MACE). In 604 chest
pain patients collected by Brennan et al., an increase in the
MPO level was independently associated with advanced risk
of MACE at 30 days and 6 months of follow-up after adjust-
ment for risk factors [55]. More specifically, at 30 days, car-
diac troponin alone can predict 58% of MACE, while
baseline MPO is able to predict 84.5% of MACE. MPO
remained a strong and independent predictor of MACE at
30 days and 6 months in the patients who were consistently
troponin-negative. This suggested that MPO is not only an
inflammatory marker of myocardial necrosis response but
also a predictor of the presence of susceptible plaques. Bren-
nan et al.’s study showed that plasma MPO could indepen-
dently predict the early stage of acute myocardial infarction
and the risk of MACE in the period of 30 days and 6 months,
meanwhile also forehead its potential practicability on the
risk stratification of chest pain patients [55]. Similarly, the
CAPTURE trial, which involved 547 patients with resting
recurrent chest pain, observed that MPO serum levels of
>350 ng/ml were highly predictive of nonfatal acute myocar-
dial infarction within 72 hours [56]. Such corelationship
remained robust even in patients who are troponin-
negative. At the same time, Morrow et al. claimed that ele-
vated baseline MPO in patients with non-ST-elevation ACS
was associated with a higher risk of nonfatal MI or recurrent
ACS within 30 days, and the addition of B-type natriuretic
peptides and cardiac troponin to the MPO can improve
short-term risk assessment and patient stratification [57].

Some studies also found that such predictive value may
persist over a long period of time. In a research with a mean
follow-up time of 25 ± 16 months, 73 patients diagnosed as
ST segment elevation myocardial infarction subjects and 46
health control groups and patients with plasma MPO
concentration > 68ng/ml have tripled the incident rate of
MACE compared to patients with low MPO [58]. Among
885 stable severe angiography CAD patients, mortality is
positively associated with MPO tertiles. After 13 years of
follow-up and covariate analysis, patients with the highest
MPO have as much as three times greater CVD mortality
than those with the lowest MPO level [53]. During 9 years
of angiographic CAD studies, patients with the highest

5Disease Markers



MPO quartile were 1.5 times more likely to die of cardiovas-
cular causes than patients with the lowest MPO quartile after
fully adjusting for variables [59]. These findings suggested
that from a mid- to long-term perspective, MPO is highly
associated with cardiovascular events.

A prospective population-based Atherosclerosis Risk in
Communities (ARIC) cohort study, after 9.6 years of the
follow-up study, found that no significant association
between intracellular monocyte MPO level and incident of
cardiovascular events was found among 1465 patients with-
out a history of PAD, myocardial infarction, or heart failure
[60].

The MPO level is independently associated with cardio-
vascular events, and the dose-dependent relationship
between MPO level and CAD severity also has great potential
in guiding the diagnostic and treatment process in clinical
practice. However, the prediction value of MPO on MACE
in asymptomatic patients has remained uncertain and needs
to be explored in more and larger studies.

3.4. PCT. It is difficult to distinguish acute heart failure
(AHF) from respiratory infection for patients with HF with
acute respiratory symptoms (e.g., cough, sputum, tachypnea,
or pleural pain) [61] due to the overlapping clinical and
radiological examination [62, 63]. Delayed symptomatic
treatment [64] or inadequate treatment [65] can increase
the risk of adverse outcomes, so on-time and accurate differ-
ential diagnosis is crucial in which field.

In a study consisting of 4698 patients with congestive
heart failure, PCT value was found about 4 times higher in
patients with HF with the presence of respiratory infections
[66]. Similar results have been found in biomarkers for heart
failure research in a different country [65]. At present, most
studies have shown that serum PCT has certain clinical sig-
nificance in the diagnosis of patients with heart failure com-
plicated with infection. Berge et al. believed that PCT is
superior to CRP and WBC when it comes to the diagnosis
of AHF patients for concomitant pneumonia [67]. A large
multicenter study in China was conducted with patients with
congestive HF, and the results showed that the critical value
of PCT for the diagnosis of infection increased significantly
with the increase of the severity of HF, and the threshold
value of PCT for the diagnosis of concomitant infection in
patients with grades II, III, and IV congestive HF is
0.086μg/l, 0.0192μg/l, and 0.657μg/l [66]. Alba et al.’s
research claims that the cutoff PCT value for pneumonia
excluding heart failure is 0.1 ng/ml (sensitivity 97%, specific-
ity 69%) and for HF with pneumonia is 0.4 ng/ml (specificity
97%) and believed that the combined use of PCT and NT-
proBNP can more effectively distinguish AHF and pneumo-
nia [68]. In short, it can be seen that PCT can be helpful in
determining respiratory tract infection, but the inconsistency
in threshold value suggested further researchers.

Some studies have observed the correlation between PCT
and bacteremia, which is the primary diagnostic criterion for
endocarditis in emergency department patients with fever
[69, 70]. In an observational study involving 1083 patients
with suspected infection, PCT was strongly associated with
positive blood culture (AUC 0.803) and has a negative pre-

dictive value of 99.6% in bacteriaemia exclusion [70]. A pro-
spective cohort study which consisted of 67 consecutive
admissions with suspected endocarditis and 21 patients with
an infection found a strong association between PCT levels
with endocarditis and significantly higher procalcitonin
levels in patients with endocarditis (median 6.56ng/ml vs.
0.44 ng/ml, P < 0:001, AUC 0.856 (95% CI 0.750-0.962)). In
this study, the sensitivity and predictive value of PCT also
outperformed the CRP, with the optima PCT cutoff value
of 2.3 ng/ml, sensitivity 81%, specificity 85%, negative predic-
tive value 92%, and positive predictive value 72% [71]. A
recent meta-analysis reviewed six studies, including more
than 1000 suspected cases of infection, of which about 20%
were confirmed as infective endocarditis, showing a slightly
lower diagnostic effect of PCT (AUC 0.71) [72]. Meanwhile,
this meta-analysis suggested the use of a low PCT threshold
to exclude endocarditis in routine clinical practice, and
PCT is recommended in the diagnosis of infective endocardi-
tis, but the specific threshold value needs to be further
explored.

In order to study the clinical significance of PCT in the
prognosis of AHF patients, Demissei et al. included 1781
patients with acute decompensated heart failure (ADHF)
excluding those with infection from the PROTECT research
to investigate the corelationship between outcomes during
hospitalization and after discharge with the serum PCT level
[73]. In this study, an elevated PCT level was found to be
associated with an increased rate of treatment failure in
ADHF patients during hospitalization (OR 1.2, 95% CI,
0.8-2.2). When the PCT level > 0:2ng/ml, cardiovascular,
renal mortality, or readmission rate at 30 days after discharge
and all-cause mortality at 180 days after discharge both sig-
nificantly increased. However, after adjusting for prognostic
factors including age, albumin, sodium, renal function, previ-
ous HF hospitalization, history of edema, and systolic blood
pressure, the PCT level in ADHF patients with the exclusion
of infection is only associated with 30-day all-cause mortality
(HR 2.3, 95% CI, 1.3-4.2).

In Villanueva et al.’s research on 261 AHF patients with
the exclusion of active infection, after a mean follow-up time
of 2 years, logPCT was found to be linearly associated with
all-cause mortality in COX regression analysis (HR 1.43,
95% CI, 1.12-1.82, P = 0:0004). LogPct was found to be pos-
itively correlated with the incidence of all-cause readmissions
(IRR = 1:22, 95% CI, 1.02-1.44, P = 0:025), except for
patients who were lost during follow-up (died during admis-
sion), and also associated with AHF-induced readmission
(IRR = 1:28, 95% CI, 1.02-1.61, P = 0:032). This study con-
cluded that the serum PCT level in AHF patients with infec-
tion excluded was independently positively associated with
the risk of long-term death and rehospitalization.

In addition to its predictive value in the prognosis of
patients with heart failure, there is growing evidence linking
PCT with the degree and prognosis of atherosclerosis in
patients with coronary heart disease. More studies have
shown that in patients with acute coronary syndrome, espe-
cially in complex cases, the PCT level is elevated [74, 75].
Research conducted on 2131 cases of CAD patients found
that PCT has a strong prognostic value after 3.6 years of
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follow-up [74]. PCT concentration was significantly higher
in patients who died of cardiovascular diseases, as well as in
patients with acute coronary syndromes, compared with
patients with stable angina. In the COX regression model,
elevated PCT concentration is associated with cardiovascular
mortality (OR 1.34, 95% CI, 1.08-1.65, P = 0:007). In another
research that included 400 cases of CAD patients with the SX
scoring algorithm system, the high SX group have elevated
serum PCT levels compared to the low SX group (P < 0:001
) [76]. The cutoff value for PCT in the aforementioned study
is 0.0335 ng/ml.

The detection of PCT will be helpful in the diagnosis and
treatment of patients with bacterial infection and endocardi-
tis. Moreover, for patients without infection, a high PCT level
is an independent risk factor for poor prognosis.

4. Conclusion

Increasing studies have focused on exploring the synergy
value or independent value of biomarkers, while the limita-
tions of currently widely used blood markers have been reg-
ularly reported in clinical practice. The current study
reviewed some frequently overlooked biomarkers that have
shown significance in both diagnostic and prognostic pro-
cesses. Despite accumulating evidence suggesting their asso-
ciation with CVDs and their predictive ability on diseases’
prognostic process, more research is needed to establish the
clinical role of biomarkers.
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