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Abstract

Cardiovascular disease is one of the main burdens of healthcare systems
worldwide. Nevertheless, assessing cardiovascular risk in both apparently
healthy individuals and low/high-risk patients remains a difficult issue. Al-
ready established biomarkers (e.g. brain natriuretic peptide, troponin) have
significantly improved the assessment of major cardiovascular events and
diseases but cannot be applied to all patients and in some cases do not
provide sufficiently accurate information. In this context, new potential
biomarkers that reflect various underlying pathophysiological cardiac and
vascular modifications are needed. Also, a multiple biomarker evaluation
that shows changes in the cardiovascular state is of interest. This review de-
scribes the role of selected markers of vascular inflammation, atherosclero-
sis, atherothrombosis, endothelial dysfunction and cardiovascular fibrosis in
the pathogenesis and prognosis of cardiovascular disease: the potential use
of cardiotrophin-1, leptin, adiponectin, resistin and galectin-3 as biomarkers
for various cardiovascular conditions is discussed.
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Introduction

According to the World Health Organization (WHO), cardiovascular
diseases (CVD) are currently the leading cause of morbidity and mortal-
ity worldwide. The burden of cardiovascular death is also very high in
Europe, with the highest rates being encountered in Central and Eastern
Europe [1]. The main causes of cardiovascular (CV) death are ischemic
heart disease and cerebrovascular disease. A significant proportion of
these deaths may be prevented through better surveillance and prophy-
laxis; risk stratification is an important part of this strategy for timely
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interventions and long-term targeted manage-
ment [2].

CV risk assessment models are based on tradi-
tional risk factors such as age, sex, smoking, blood
pressure, diabetes, total cholesterol, HDL choles-
terol, family history, etc. Risk models such as the
US Framingham risk score or the European SCORE
model evaluate CV risk in “apparently healthy”
subjects (without already established CVD or di-
abetes) [3]. Although these are first-line tools for
patients who need stepped-up prevention, limita-
tions are inevitable: “intermediate” risk patients
remain a heterogeneous category; frequently pa-
tients with an apparently low risk have subclini-
cal atherosclerosis and vascular dysfunction that
would benefit from a more intense intervention.
In addition, CV risk may also be underestimated
in patients with central obesity [3, 4].

The search for molecules that could help im-
prove CVD assessment in primary and secondary
care is continuous and prolific. Despite sustained
efforts and a very large panel of candidates for
biomarkers, very few molecules have proven
their utility in clinical practice. Standardly used
biomarkers for CVD include natriuretic peptides
(brain natriuretic peptide (BNP), and N-terminal
prohormone of brain natriuretic peptide (NT-pro-
BNP)), troponins, C-reactive protein (CRP) and car-
diac enzymes. The Food and Drug Administration
(FDA) list of validated cardiovascular biomarker
includes the above and also galectin-3 and ST-2
(Table 1) [5].

All these prediction, diagnosis and prognosis
biomarkers proved to be the best so far but still
have their pros and cons. BNP and NT-proBNP
have similar clinical performance in diagnosing
heart failure (HF) but NT-proBNP may be preferred
to BNP due to its longer plasma half-life and its
better outcome prognosis in the Valsartan Heart
Failure Trial [6]. Natriuretic peptides (NP) best rule
out cardiac dysfunction in patients with acute dys-
pnea presenting to the emergency room and are
useful in establishing the prognosis and disease
severity in acute and chronic HF. BNP has also
been validated for risk stratification in acute cor-
onary syndromes (ACS). However, NP are greatly
influenced by non-cardiac factors, one of the most
prominent being kidney function, and are not
useful in discriminating the etiology of HF [7-9].
Cardiac troponins (cTn) are first line biomarkers
for ACS, having clinical sensitivity and myocardi-
al specificity. cTn are the gold-standard markers
for myocardial injury; however, brief elevations
can occur in non-ACS conditions. Also, cTn are
not able to provide differential diagnosis between
ischemic, inflammatory and traumatic myocardi-
al injury [10]. Cardiac CRP (cCRP) is a high-sen-
sitivity CRP assay recently validated by the FDA

with evidence of efficacy and extended use for CV
risk assessment/stratification. It should be inter-
preted with caution in the presence of systemic
inflammatory conditions, acute infections, trau-
ma and others (Table I) [11, 12]. Galectin-3 and
ST-2 are two cardiac biomarkers recently cleared
by the FDA and also recommended by the Amer-
ican College of Cardiology Foundation/American
Heart Association (ACCF/AHA) guidelines for use
as an aid in the management of patients with HF.
Galectin-3 should be interpreted with caution in
patients with altered kidney function and/or can-
cer [8, 13, 14]. ST-2 also rises in inflammatory and
pulmonary diseases (Table I) [13]. Regarding cardi-
ac enzymes (creatine kinase (CK), creatine kinase
muscle/brain (CK-MB) enzyme, lactic dehydroge-
nase (LDH) and myoglobin), these are to be used
as an aid in the diagnosis of acute myocardial in-
farction (AMI). Their limitations are presented in
Table I [15, 16].

Recently, new molecules regulating atheroscle-
rosis, inflammation, endothelial dysfunction (ED),
fibrosis and thrombosis have been proposed as
biomarkers for evaluating CV risk and disease,
especially for risk stratification. Adding these
biomarkers to established CV risk assessment
models could provide a significant increment to
the predictive value of these models. Novel CV
biomarkers should be cost-efficient, valid, repro-
ducible, reliable and accurate. They should be ca-
pable of independently predicting CVD and also of
providing more information than traditional bio-
markers [3, 4].

Several new molecules have been proposed
as biomarkers for evaluating CVD. We conducted
a literature search to select the best novel bio-
markers that predict the development of new CVD,
differentiate CVD from other diseases, evaluate
the severity of CVD and might also be considered
prognostic markers. We found 19 novel biomark-
ers that have been studied in CVD (Table Il).

We chose here to review cardiotrophin-1 (CT-1)
as it is a promising biomarker for hypertensive heart
disease, where it brings significant additional infor-
mation to that provided by NP. Also, the adipokines
leptin, adiponectin and resistin have been proposed
as biomarkers for various cardiovascular conditions
and are discussed below, where clarifications re-
garding their prognostic value are made. Finally, we
chose here to discuss the strong and weak points of
galectin-3 and its utility in comparison to other bio-
markers of HF in order to clarify the indications for
galectin-3 determination. Table IIl illustrates which
of these five biomarkers could be used as potential
predictors for vascular inflammation, atherosclero-
sis, ED and cardiovascular fibrosis.

As the literature is replete with clinical informa-
tion on biomarkers which are often inconsistent,
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Table I. Cardiovascular biomarkers validated by FDA and their limitations

Biomarker

FDA indication*

Limitations

BNP/NT-proBNP

Differentiating cardiac dyspnea from dyspnea of
non-cardiac origin

1) Not useful in assessing HF etiology

2) Influenced by age, gender, weight, fluid

load, physical exercise

diagnosed with chronic HF

NT-proBNP 1) Aid in the diagnosis of congestive HF ° "
2) Assessment of severity in individuals 3) Wide range of other conditions
suspected of chronic HF as.soaated with increased NP:
3) Aid in the risk stratification of HF Cardiac-other thap HF and ACS:
4) Risk stratification of patients with ACS and —valvular heart disease
chronic HF - pericardial disease
5) Assessment of increased risk of ~ atrial f|b.r|l.lat|on
cardiovascular events and mortality in — myocarditis
patients with stable CHD at risk for HF B card!ac surgery
- cardioversion
BNP 1) Prediction of survival after ACS Non-cardiac:
2) Assessment of HF severity in congestive — anemia
heart failure — chronic kidney disease
- pulmonary disease: pulmonary
hypertension, embolism, obstructive
sleep apnea, severe pneumonia
- sepsis
— critical illness
—severe burns
— cancer chemotherapy [7-9]
Troponin T/ 1) Aid in the diagnosis of ACS Conditions associated with increased
troponin | 2) Risk stratification in ACS troponins other than ACS (selected):
3) Assessing cardiac risk in CKD Cardiovascular:
- endocarditis, pericarditis, myocarditis
—acute heart failure
—acute aortic dissection
- stroke
— coronary vasospasm
— electrical cardioversion
- left ventricular hypertrophy
— dilated/hypertrophic cardiomyopathy
- implantable defibrillator
Other:
— sepsis
- rhabdomyolysis
- pulmonary embolism
— end-stage renal disease
— chemotherapy [10]
CRP 1) Conventional CRP-evaluation of infection/ Low specificity
tissue injury/inflammatory disorders- Conditions associated with increased
for diagnosis/therapy/monitoring hsCRPR, other than CVD:
of inflammatory disorders — acute infection
2) hsCRP-evaluation of conditions thought to be - trauma
associated with inflammation in otherwise - systemic inflammatory diseases:
healthy individuals rheumatoid arthritis, lupus
3) Cardiac CRP: erythematosus
—aid for identification and stratification — postmenopausal hormone replacement
of individuals at risk for CVD therapy [12]
— prognosis of recurrent events in stable
CHD/ACS
Galectin-3 Aid in assessing the prognosis of patients Strongly correlated with kidney function

Falsely elevated results:
- hemolysis
— cancer

— conditions associated with organ fibrosis

— high levels of gamma-globulins/
rheumatoid factor [13]
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Table I. Cont.

Biomarker FDA indication*

Limitations

ST-2
diagnosed with chronic HF

Aid in assessing the prognosis of patients

Other causes of elevated ST-2:

- systemic lupus erythematosus

—asthma

— inflammatory conditions (septic shock,
pneumonia)

— chronic obstructive pulmonary disease

—trauma [13]

CK Aid in the diagnosis of AMI

Lack of specificity

Causes of elevated CK other than AMI:
—trauma

- surgery

— myxedema

— diabetic ketoacidosis

— hypothermia

— polymyositis

— Duchenne muscular dystrophy

— intramuscular injections [16]

CK-MB Aid in the diagnosis of AMI

Specific for myocardial cell injury but not
for AMI

Causes of elevated CK-MB other than AMI:
— myocarditis

- cardiac trauma

- cardiac surgery

— endomyocardial biopsy

— athletes during exercise [16]

LDH Aid in the diagnosis of AMI

Limited specificity

Causes of elevated LDH other than AMI:
— hemolysis

— megaloblastic anemia

—renal cortical damage

- muscular dystrophies

— carcinomas [112]

Myoglobin Aid in the diagnosis of AMI

Limited specificity in patients with:

- kidney disease

— muscle trauma

Not useful in patients presenting more
than 24 h after onset of symptoms [15]

ACS — acute coronary syndrome, AMI — acute myocardial infarction, CHD — coronary heart disease, CKD — chronic kidney disease,
CVD - cardiovascular disease, HF — heart failure, hsCRP — high-sensitivity C-reactive protein. *Source for provided indications: www.fda.gov.

this review is intended to clarify which of these
biomarkers deserve further analysis and what are
their potential indications of use.

Cardiotrophin-1

CT-1 is a 21.5-kDa protein, a member of the
interleukin 6 (IL-6) family of cytokines [17], first
described by Pennica et al. [17] to induce cardio-
myocyte hypertrophy by atrial natriuretic peptide
secretion and organization of myosin light chains
into sarcomeres.

Pathophysiology and experimental studies

CT-1 is a survival promoter cytokine that is
upregulated in cardiomyocytes and cardiac fibro-
blasts in response to mechanical (ventricular
stretch), humoral (angiotensin Il, aldosterone,
catecholamines), metabolic (glucose, insulin) and

hypoxic stress. In acute stress, CT-1 promotes
cell survival. However, if stressful signals persist,
chronic upregulation of CT-1 leads to cardio-
myocyte hypertrophy and, finally, left ventricular
dysfunction [4]. CT-1 exerts its biological activity
through the leukemia inhibitory factor receptor
(LIFRB)/glycoprotein 130 (gp130) heterodimer
receptor that further activates multiple signaling
pathways with different consequences (Figure 1):
Janus kinase/signal transducer and activator of
transcription 3 (JAK/STAT3) promotes ventricular
hypertrophy while p42/44 mitogen-activated pro-
tein kinase (p42/44 MAPK) and the phosphoinos-
itide 3-kinase/Akt (PI3K/Akt) pathways inhibit
apoptosis and promote cardiomyocyte survival.

It may be possible that myocyte hypertrophy
is also mediated by the activation of mitogen-ac-
tivated protein kinase kinase 5/extracellular-sig-
nal-regulated kinase 5 (MEK5/ERK5 pathway) [4,
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Table Il. Potential cardiovascular biomarkers regulating atherosclerosis, inflammation, endothelial dysfunction and

fibrosis in cardiovascular disease

Biomarkers called Number Prediction Differential Disease  Outcome and  Treatment
“cardiovascular” of articles of CVD diagnosis severity prognosis effectiveness
MR-proANP 14 + + +

Cardiotrophin-1 111 + + + + +
GDF-15 174 + + + +
IMA 219 + + +

Lp-PLA2 241 + +

Pentraxin 3 326 + +
NT-proBNP 418 + + + +
Creatine kinase 692 + + + + +
ADMA 797 + +

CT-land CT-T 868 + + + + +
Resistin 945 + + + +
Galectin-3 967 + + + + +
PON1 1200 + +

BNP 1700 + +

Homocysteine 3592 + +

IL-6 4178 +

Adiponectin 5308 + + +

CRP 6076 + + + +
Leptin 6757 + + +

ADMA — asymmetric dimethylarginine, BNP — B-type natriuretic peptide, CRP — C-reactive protein, CT-I and CT-T - cardiac-specific troponins |
and T, GDF-15 — growth differentiation factor 15, IL-6 — interleukin-6, IMA — ischemia modified albumin, Lp-PLA2 — lipoprotein-associated
phospholipase A2, MR-proANP — mid-regional pro-atrial natriuretic peptide, NT-proBNP — N-terminal pro-B-type natriuretic peptide, PON 1

— paraoxonase 1.

Table IIl. Novel biomarkers — players in cardiovascular dysfunction

Biomarker Endothelial Atherosclerosis  Inflammation Fibrosis Atherothrombosis
dysfunction

Cardiotrophin-1 + + +

Leptin + + + +

Adiponectin + + + +

Resistin + + + + +

Galectin-3 + + +

18-20]. CT-1 is also expressed in vascular endo-
thelial cells and has direct vascular effects, result-
ing in atherogenesis, vascular dysfunction, arterial
stiffness, and increased blood pressure [21-23].
Overall, CT-1 is a potent profibrotic agent for the
heart and vessels [4, 23].

Clinical studies

CT-1 is a key link between hypertension, left
ventricular hypertrophy (LVH) and HF. In a meta-
analysis performed by Song et al. [24] Cardio-
trophin-1 levels were highest in hypertensive
patients with LVH and HF compared to controls,
followed by hypertensive patients with LVH with-

out HF and hypertensive patients without LVH
or HF. Moreover, CT-1 directly correlates with left
ventricular mass index (LVMI) in hypertensive
patients independently of systolic blood pres-
sure: patients with CT-1 above the cut-off value of
39 fmol/ml are six times more likely to have LVH.
Thus CT-1 could be applied in the screening and
diagnosis of hypertensive heart disease, helping
to select patients that would best benefit from
echocardiography [25].

Regarding CT-1 and HF, Talwar et al. [26] were the
first to report that plasma CT-1 levels correlate with
the degree of systolic dysfunction in HF patients.
Plasma CT-1 levels are also increased in patients
with diastolic HF and positively correlate with left
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Figure 1. Schematic representation of CT-1 signaling pathways and their different effects on the cardiac cell (see
text for abbreviations)

ventricular filling pressures [27]. Furthermore, CT-1
levels significantly predict overt HF in hypertensive
patients: CT-1 concentration positively correlates
with NT-proBNP and negatively correlates with left
ventricular ejection fraction [28, 29]. The cut-off
value for CT-1 plasma levels of 152 pg/ml has 77%
sensitivity and 85% specificity for detecting the oc-
currence of overt HF in hypertensive patients [28].
Also, CT-1 is a predictor of mortality in chronic HF
irrespective of etiology and independently of BNP
[30]. Thresholds and potential indications for CT-1

use are presented in Table IV.

CT-1 could also be used as a monitoring tool for
therapeutic management in hypertensive heart
disease patients: LVH and CT-1 levels had a ten-
dency to decrease after losartan treatment rather
than after treatment with atenolol [31].

Finally, although a promoter of ED, studies
failed to show an association between CT-1 and

coronary heart disease (CHD) [32].

Cardiotrophin-1 vs. standardly used

biomarkers

With regards to predicting LVH onset in hy-
pertensive patients, CT-1 performs much better
than NT-proBNR with 70% sensitivity and 75%
specificity for CT-1 cut-off value vs. 40% sensi-
tivity and 61% specificity for NT-proBNP cut-off

value [25].

Even though NT-proBNP is the gold-standard
biomarker for HF diagnosis, studies have shown

that the association between CT-1 and NT-proB-
NP is superior to NT-proBNP alone in assessing
the presence of HF in hypertensive patients [28,
29]. CT-1 is less specific but more sensitive than
NT-proBNP for detecting stage C HF in hyperten-
sive patients, thus improving NT-proBNP sensitivi-
ty for detecting HF [29]. The combination CT-1 and
BNP is better than either marker alone in predict-
ing mortality in chronic HF [30].

Also, CT-1 may compensate for some of the
downsides of NT-proBNP: CT-1 is not influenced by

kidney function, while NT-proBNP negatively cor-

relates with estimated glomerular filtration rate
(eGFR) [29]. Also, CT-1 correlates with echocardio-
graphic parameters of LVH (LVMI), while NT-proBNP
does not correlate with LVH in hypertensive patients
with normal cardiac function. Thus, NT-proBNP is
not useful in assessing hypertensive heart disease
in patients with normal systolic function [25].

In summary, CT-1 is a promising biomarker for
predicting maladaptive hypertensive heart dis-

ease in hypertensive patients. CT-1 could become

a predictor of arterial hypertension prognosis in
terms of occurrence of LVH in hypertensive pa-

tients with normal systolic function. Also, CT-1
could bring incremental power when used togeth-
er with NT-proBNP for assessing HF in hyperten-
sion and for the prognosis of chronic HF. Even-
tually, circulating CT-1 determination could also

be useful for establishing optimal individualized

therapy and for monitoring disease evolution in
these patients.
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Table IV. Novel potential biomarkers — indications and thresholds

Biomarker CV risk assessment/Diagnosis/ Thresholds Source
Prognosis
CT-1 Diagnosis of HHD/LVH 39 fmol/ml Lopez
in hypertension 70% sensitivity etal. [25]
75% specificity
Prognosis of overt HF in hypertension 152.2 pg/ml Bielecka-
77% sensitivity Dabrowa
85% specificity et al. 28]
Prognosis of mortality in chronic HF 658 fmol/ml Tsutamoto
(irrespective of etiology) 57% sensitivity et al. [30]
74% specificity
Leptin CHD risk assessment N/A Shanker
etal [51]
Zeng et al.
[41]
Adiponectin CHD risk assessment N/A Shanker et
al. [51]
Prognosis of CHD N/A Cavusoglu
etal. [65]
Prognosis of mortality in chronic HF 11.6 mg/l Kistorp
HR =3.23(1.11-9.69), p = 0.032 et al [64]
Resistin Prediction of HF risk in non-CHD 1.2-10.9 ng/ml 11-14.9 ng/ml 15-110 ng/ml Frankel
community dwelling-individuals HR=1 HR = 2.87 HR =5.2 et al. [86]
(0.57-14.52)  (1.08-25.13)
Prognosis of multivessel CHD (major 17.3 ng/ml Krecki
cardiac and cerebrovascular events) OR =13.5 (95% Cl: 2.3-80.3) et al. [69]
Area under ROC curve = 0.75
Diagnosis of AMI Median (25%-75t percentile) levels Lubos
at peak (> 12 h after pain onset): et al. [90]
5.74 ng/ml (438-7.51)
Cut-off not available
Galectin-3 Prognosis of patients with chronic Low-risk < 17.8 ng/ml FDA 510 (k)
heart failure (already FDA validated) Intermediate risk: 17.8-25.9 ng/ml Summary
High-risk: > 25.9 ng/ml 2010
Risk stratification/prognosis in acute 17.8 ng/ml Peacock
HF (recommended by ACCF/AHA etal [110]
guidelines)
Prediction of incident HF N/A Jagodzinski
et al. [104]

ACCF/AHA — American College of Cardiology Foundation/American Heart Association, AMI — acute myocardial infarction, CHD — coronary
heart disease, FDA — Food and Drug Administration, HF — heart failure, HHD — hypertensive heart disease, HR — hazard ratio, OR — odds
ratio, ROC — receiver operating characteristic, N/A — not available, LVH — left ventricular hypertrophy.

Adipo(cyto)kines

Adipocytokines (adipokines) are adipose-de-
rived proteins (hormones and cytokines) pro-
duced by the adipose tissue that perform major
functions concerning energy expenditure and
metabolism, bone mass regulation, insulin sensi-
tivity/resistance, inflammation and cardiovascular
function [33, 34]. Recent research has focused on
the role of adipocytokines in CV homeostasis.

Leptin

Leptin is a pleiotropic adipokine, a 167 ami-
no-acid peptide secreted by adipocytes, and
a member of the IL-6 family. It is the main an-

orexigenic hormone, regulating lipid and glucose
metabolism, bone metabolism, immune function
and the cardiovascular system [35, 36]. Leptin has
recently emerged as a novel and potential risk fac-
tor for CVD, being one of the key elements that
connects it with obesity.

Pathophysiology and experimental studies

Obese-associated hyperleptinemia has deleteri-
ous vascular effects [35]. By acting on the sympa-
thetic nervous system (SNS), chronic leptin signal-
ing impairs endothelium-dependent vasorelaxation
and favors an increased blood pressure response to
angiotensin Il in murine models [37]. Hyperleptin-
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Figure 2. Schematic representation of actions of leptin

ED - endothelial dysfunction, IL-6 — interleukin 6, IL-4 — interleukin 4, TNF-o. — tumor necrosis factor a.

emia also has proinflammatory [38], proatherogen-
ic [36] and prothrombotic effects [39], thus promot-
ing ED. The pathophysiology of deleterious actions
of leptin is presented in Figure 2.

Clinical studies

In a case-control study performed by Karthick et
al. [40], patients with non-thrombolysed AMI had
significantly higher levels of leptin [40]. Moreover,
in a meta-analysis performed by Zeng et al. [41],
high leptin levels were significantly associated
with an increase in CHD (including myocardial in-
farction) (OR = 1.90) and stroke risk (OR = 2.14)
[41]. In support of these findings, hyperleptinemia
positively and independently correlated with in-
creased coagulation activity (high circulating levels
of coagulation factor VIII, fibrin D-dimer, fibrinogen
and von Willebrand factor) in a study performed by
Wannamethee et al. [42]. However, the numerous
discrepant results in the literature are not to be dis-
regarded, and the following question arises: is the
effect of hyperleptinemia on CVD exaggerated? The
results were adjusted for age, blood pressure and
body mass index (BMI) in all the studies included in
the above meta-analysis, but there are other possi-
ble confounders that should be taken into consid-
eration. One of them is inflammation, and CRP is
an important link between obesity and CVD [43].

Hyperleptinemia is also an independent pre-
dictor of HF in older men without pre-existing
CHD, after adjustment for BMI [44]. However, in
overweight or obese men with pre-existing CHD,
leptin seems to have no additional significant ef-
fect, as probably obesity-triggered increased car-
diac workload is enough to increase HF risk [45].
Despite high levels in HF, leptin is not a reliable
marker as it is highly dependent on body fat: nor-
mal/low leptin levels may be encountered in HF
patients with cachexia [45].

Controversies

There are also studies that have reported para-
doxical results regarding the relationship between

leptin and CVD risk. In the NAMIS study, low leptin
levels 7 days after the onset of an AMI were asso-
ciated with poor outcome defined as higher risk
for adverse cardiovascular events and poor surviv-
al [46]. Also, Scholze et al. [47] provided proof that
low leptin levels are in fact an independent pre-
dictor of all-cause death in hemodialysis patients,
with the most frequent cause being CVD [47].

Such contradictory findings are reminiscent of
the concept of the “obesity paradox” or “reverse
epidemiology”: although a high body mass is
a conventional risk factor for CVD in apparently
healthy individuals, there seems to be a reversal
of the relationship between overnutrition and
long-term outcome in high-risk patients (chronic
kidney disease and/or with already established
CHD or HF), where, paradoxically, overnutrition
has a protective effect against mortality [48, 49].
The concept may apply to hyperleptinemia as well,
as leptin is a reflection of body fat [33].

Leptin vs. standardly used biomarkers/
other novel potential biomarkers

In a large prospective population-based study
of 6502 participants with a mean follow-up of
11.4 years, leptin did not correlate with incident
ischemic heart disease or stroke, after adjustment
for sex, age, blood pressure, lipid profile, smoking,
comorbidities such as hypertension and diabetes,
BMI, insulin resistance parameters, eGFR and CRP.
However, CRP remained an independent predictor
of ischemic heart disease (fatal and non-fatal) af-
ter adjustment for all the above variables and also
for leptin and adiponectin [43]. It seems that the
association between leptin and CVD is mediated
by inflammation/CRP; indeed, leptin and CRP lev-
els seem to correlate and leptin is able to direct-
ly regulate CRP synthesis [50]. However, despite
the power of leptin alone being limited, it may be
useful in conjunction with other biomarkers: the
association between leptin, adiponectin and tra-
ditional CV risk performed significantly better in
predicting CHD when compared to a model that
included only the conventional risk factors, with
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maximum reclassification in the intermediate risk
group [51].

Overall, these data do not yet support the use
of leptin as a biomarker in clinical practice for as-
sessing the risk of CHD. Leptin levels should be
interpreted with caution, according to the under-
lying condition.

Adiponectin

Adiponectin is a 244 amino acid adipokine, part
of the collagen superfamily. The most abundant
form in the plasma is the high molecular weight
(HMW) adiponectin, the most stable and with the
longest half-life[33, 52].

Pathophysiology and experimental studies

Adiponectin improves insulin sensitivity [53]
and fatty acid oxidation [52] and inhibits vascu-
lar inflammation [54]. Adiponectin also protects
against ED by increasing endothelial nitric oxide
synthase (eNOS) activity and by promoting an-
giogenesis and endothelial cell repair [52, 55, 56]
(Figure 3).

In addition, it inhibits atherogenesis and also
has antithrombotic effects [52, 57].

Clinical studies

In a longitudinal population-based cohort
study, baseline adiponectin levels were negatively
and independently associated with the develop-
ment of CHD in a 10-year follow-up [58]. More-
over, Wang et al. [59] showed that adiponectin
concentration inversely correlates with the severi-
ty of coronary artery disease assessed through the
Gensini score. In their study, the HMW isoform of
adiponectin showed a stronger correlation with
the severity of coronary artery disease than total
adiponectin did, pointing to the utility of HMW
adiponectin as a potential biomarker for detect-

ing the risk of CHD [59]. Also in type 2 diabetes
mellitus (DM) patients, the C1g-adiponectin/total
adiponectin ratio is a significant independent pre-
dictor of the atherosclerosis score with 72.2% sen-
sitivity and a positive predictive value of 78.8%.
The above relationship could be explained by the
anti-atherogenic actions of adiponectin: binding
of adiponectin to complement fraction Clq pro-
tects against the Clg-induced inflammatory pro-
cess in systemic atherosclerosis [60].

Adiponectin may protect against hypertension
onset: in a systematic review and meta-analysis
performed by Kim et al. [61], adiponectin levels
were lower in patients with hypertension than in
controls. Also, the risk of developing hypertension
decreased with the increase of adiponectin levels.

Controversies

High adiponectin levels are encountered in HF,
where adiponectin increases with left ventricular
dysfunction progression. Adiponectin is directly
correlated with BNP and NT-proBNP and also with
TNF-o: adiponectin may rise in congestive HF to
mitigate the actions of TNF-a.. Also, HF patients
with higher adiponectin levels have a significantly
higher mortality risk [62-64]. Thus, adiponectin
could be considered in the future as a marker of
HF severity and also a predictor of mortality.

Also, adiponectin in the upper quartile in CHD
patients is associated with a higher risk of recur-
rent adverse events [51]. High adiponectin levels
are an independent predictor of all-cause and car-
diac mortality in patients undergoing coronary an-
giography for stable angina or ACS [65], in patients
with carotid atherosclerosis undergoing carotid
endarterectomy [66] and in elderly patients (> 65
years) [67]. Also, despite an increase 3 months af-
ter coronary artery bypass grafting (CABG) in se-
vere CHD patients, adiponectin directly correlated
with markers of ED [68]. It may be speculated that

Enhances NO synthesis by eNOS
Stimulates angiogenesis and endothelial cell repair

Y

Protects against ED

Y

Decreases ROS generation >

Antioxidative

Adiponectin >

Inhibits leucocyte adhesion to the endothelium
Inhibits proliferation/migration/calcification of VSMCs

> Antiatherogenic

Y

Inhibits platelet aggregation >

Antithrombotic

> Inhibits TNF-a induced vascular inflammation

Y

Anti-inflammatory

Figure 3. Schematic representation of adiponectin actions

ED - endothelial dysfunction, TNF-a — tumor necrosis factor o, VSMCs — vascular smooth muscle cells, eNOS — endothelial nitric

oxide synthase, NO — nitric oxide, ROS — reactive oxygen species.
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adiponectin increases as a compensatory mech-
anism to counteract ED that occurs after CABG.
Other authors observed a decrease in adiponec-
tin concentration 12 months after CABG together
with a significant improvement of ischemic and
HF symptoms [69]. BNP is a strong predictor of ad-
iponectin levels and is associated with adiponec-
tin release from the adipose tissue[70]. Also, high
adiponectin levels may be a reflection of adiponec-
tin resistance at the receptor level [69]. This may
partially explain why adiponectin predicts nega-
tive outcomes in subjects with advanced CVD and
also why adiponectin declines as improvement of
cardiovascular function occurs after CABG.

Therefore, the interpretation of adiponectin
concentration should be made according to un-
derlying CVD severity, as it has different predictive
implications (the “adiponectin paradox”) [67]: in
disease-free subjects, high adiponectin is a mark-
er of low risk for acute or chronic CHD, while in pa-
tients with established CHD/HF, high adiponectin
levels seem to be independent predictors of future
adverse events[71].

Adiponectin vs. standardly used biomarkers

In order to evaluate the prognostic power of adi-
ponectin in patients with established CHD, Ang et al.
[72] compared adiponectin to BNP with regards
to predicting a future adverse outcome (all-cause
death, readmission for ACS or congestive HF) in pa-
tients with ACS: an increase in adiponectin following
admission for ACS better predicted adverse outcome
than single determinations at baseline and 7 weeks,
but this relationship was lost after adjustment for
BNP. Therefore, BNP performs better than adiponec-
tin for prognosis of adverse events in ACS [72].

As mentioned above, adiponectin is inde-
pendently associated with NP and parallels the
evolution of HF [62]. Adiponectin is a predictor of
mortality in HF, independently of NP (Table IV) [64].
Subsequently, the hypothesis that adiponectin
could be used in conjunction with NP to improve
mortality risk assessment in HF is to be verified.

Resistin

Resistin is a proinflammatory cytokine, a mem-
ber of the adipokines, predominantly produced by
macrophages but also released from the adipose
tissue [73]. Resistin is involved in the pathogene-
sis of insulin resistance (“resists” insulin actions)
and is also thought to be a contributory factor in
CVD development[73].

Pathophysiology and experimental studies

Firstly, high levels of resistin are associated
with insulin resistance and diabetes: resistin up-
regulates the suppressor of cytokine signaling-3

(SOCS-3) pathway that leads to downregulation of
insulin receptor expression and also inhibits phos-
phatidyl inositol 3-kinase activation that mediates
insulin metabolic functions [53]. Secondly, resistin
promotes ED, atherogenesis and atherothrombo-
sis, having direct effects on the vessels: (1) resistin
down-regulates eNOS gene expression, leading to
low nitric oxide levels with reduced vasorelaxation
function [73], (2) resistin increases foam cell for-
mation [74] and also proliferation and migration of
VSMCs [75, 76], (3) resistin upregulates the expres-
sion of genes associated with atherothrombosis
[77]. Vascular thrombosis manifested as increased
platelet reactivity and adherence to the endothe-
lium and ED are the main triggers of CVD [78]. Fi-
nally, resistin also upregulates TNF-o. expression
and activates the NF-kB proinflammatory signal-
ing pathway in the myocardium, leading to cardiac
inflammation and fibrosis [79]. These findings led
to the investigation of resistin as a possible marker
and therapeutic target in CVD (Figure 4).

Clinical studies

In prospective studies, high resistin significant-
ly increases the risk for all CVD, chronic CHD [80]
and acute coronary syndrome, independently of
other CV risk factors, including markers of inflam-
mation (IL-6 and CRP) [81]. A resistin concentra-
tion equal to or above 17.3 ng/ml is associated
with a 13-fold increase in the risk of major car-
diac and cerebrovascular events in patients with
multivessel coronary disease (Table 1V)[82]. Re-
sistin levels also rise 24 h after CABG as a marker
of ischemia-reperfusion injury and are correlated
with oxidative stress [83]. However, resistin levels
do not seem to change after 12 months of medi-
cal treatment or CABG in these patients and thus
may not be helpful for follow-up after therapeu-
tic intervention [69]. Also, adding resistin to tra-
ditional CV risk factors significantly improves the
risk assessment for ischemic stroke [84].

Nevertheless, resistin is a strong independent
predictor of incident HF in community-dwelling old-
erindividuals and is also correlated with NYHA func-
tional class in prospective studies. Whether resistin
has a negative direct impact on the myocardium or
it is merely a reflection of the vascular inflammatory
process, it can be proposed as a biomarker for HF
risk assessment and stratification [45, 85, 86].

Moreover, a meta-analysis performed by Fon-
tana et al. [87] regarding the influence of resistin
on mortality in high-risk patients (patients with
CHD, myocardial infarction, ischemic stroke, type
2 DM, end-stage renal disease) showed that re-
sistin significantly increased the risk for all-cause
mortality, with a hazard ratio (HR) of 1.24 for
1 standard deviation increment in resistin levels.
In the same meta-analysis, the effect of resistin
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Figure 4. Schematic representations of resistin actions

ED - endothelial dysfunction, NO — nitric oxide, NF-xB — nuclear factor kB, ACE — angiotensin converting enzyme, TNFRSF1At —
tumor necrosis factor receptor superfamily member 1A, TNF-a. — tumor necrosis factor a, VSMCs — vascular smooth muscle cells.

on cardiovascular mortality was however neutral
(HR = 1.05 for 1 standard deviation increase in re-
sistin levels) [87].

Controversies

In the prospective study of Zhang et al. [88],
resistin did not provide prognostic information
beyond traditional risk factors regarding the de-
velopment of HF in CHD patients. Therefore, re-
sistin may be proposed as a biomarker for HF in
non-CHD individuals.

Resistin vs. standardly used biomarkers

Although resistin significantly correlates with
CRP and BNP levels, resistin is a predictor of HF
in the community, independently of these bio-
markers, and the predictive power is maintained
after the exclusion of CHD individuals. The HRs
for incident HF in the second and third tertile of
resistin after adjusting for various cardiovascu-
lar risk factors, CRP and BNP are presented in
Table IV [86].

Resistin levels correlate with troponin 24 h after
CABG, reflecting myocardial injury [83]. Resistin
levels are also significantly increased in AMI and
unstable and stable angina patients, with resistin
being significantly higher in AMI than in unstable/
stable angina. Resistin correlates with myocardial
injury enzymes, troponin | and CRP in AMI, but not
in unstable/stable angina patients [89]. Resistin
rises 3—6 h after chest pain onset and peaks 12 h
after chest pain onset (Table IV) [90]. Thus, resistin
could become a biomarker for AMI.

Overall, increasing clinical evidence supports
the use of resistin as a cardiovascular marker for
risk stratification and prognostic in CHD and as
a predictor of HF in community-dwelling individ-
uals. Clinical studies that evaluate the prognostic

power of resistin in comparison to that of classical
biomarkers are needed.

Galectin-3

Galectin-3 is a member of the lectin family, en-
coded by the LGALS3 gene located on chromosome
14. It is expressed predominantly by macrophages
and plays an important role in the pathophysiology
of immunity/inflammation related diseases (can-
cer, metabolic diseases). Galectin-3 is a marker of
tissue fibrosis, including cardiovascular fibrosis,
and also of atherosclerosis. Consequently, galec-
tin-3 has emerged as a new biomarker for CV dis-
ease, especially HF but not only[91, 92].

Pathophysiology and experimental studies

Galectin-3 is one of the key links between in-
flammation and fibrosis at the cardiovascular
level [91, 92]. It regulates chronic inflammation
within the vessels by promoting osteogenic dif-
ferentiation of VSMCs, leading to macrocalcifi-
cations in the atherosclerotic plaques [92, 93].
Galectin-3 is a profibrotic agent by itself and also
mediates aldosterone-induced cardiac, vascular
and renal fibrosis [91, 94]. High galectin-3 levels
in the myocardium stimulate excessive collagen
production [95] and are correlated with abundant
macrophages, increased fibroblast activity and in-
creased accumulation of extracellular matrix [96].
Galectin-3 levels also show a later peak in non-in-
farcted, remodeling areas in rat models of myocar-
dial infarction [97]. Thus, galectin-3 is a marker of
cardiac fibrosis and remodeling (Figure 5).

Clinical studies

Chronic heart failure

In the above-mentioned context, it is not sur-
prising that galectin-3 is a biomarker for chron-
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Figure 5. Schematic representation of galectin-3 actions

VSMCs — vascular smooth muscle cells.

ic HF prognosis [91]. Although galectin-3 lost its
predictive power for future adverse outcome in
chronic HF after adjusting for NT-proBNP in some
studies [98, 99], it remains a significant indepen-
dent predictor of all-cause mortality [14], adverse
CV events (including cardiac death) and left ven-
tricular remodeling in patients with left ventric-
ular systolic dysfunction in most trials [14, 100,
101]. It is also a significant independent predictor
of all-cause death and hospitalization in patients
with HF with preserved ejection fraction [102].

Acute heart failure

Galectin-3 is also a promising biomarker in
acute heart failure (AHF). In a pooled analysis
from 3 cohorts of patients admitted to hospital for
AHF (AHF patients from COACH, PRIDE and UMD
H-23258 trials), galectin-3 was a significant predic-
tor of rehospitalization for HF at 30, 60, 90 and 120
days, independently of New York Heart Association
(NYHA) functional class, renal function, left ventric-
ular ejection fraction and BNP [103]. It was also
a significant independent predictor of the compos-
ite outcome all-cause mortality and HF rehospital-
ization in PRIDE and UMD H-23258 cohorts [103].

Non-heart failure subjects

Galectin-3 may also be used as a biomarker for
CV adverse outcome in non-HF individuals. Inter-
estingly, galectin-3 significantly and independent-
ly predicted incident HF and all-cause mortality in
the largest population-based cohort in which the

relationship between galectin-3, HF and mortality
risk was assessed (FINRISK 1997 cohort) [104].

Controversies

Renal function seems to be an important con-
founder when assessing the prognostic value of
galectin-3: the association between high levels of
galectin-3 and prognosis of HF was lost after adjust-
ing for eGFR in some studies [105, 106]. Galectin-3
levels strongly correlate with eGFR (inverse relation-
ship) in HF patients [14]. Therefore, the interpre-
tation of galectin-3 should take into consideration
renal function.

Guidelines

The use of the galectin-3 assay is currently
approved by the FDA for the prognosis of chron-
ic HF together with clinical assessment [91]. The
2013 American College of Cardiology Foundation/
American Heart Association (ACCF/AHA) Guideline
for management of HF also states that galectin-3
may be considered an additional biomarker for
both chronic (class Ilb recommendation, level of
evidence B) and acute HF (class Ilb recommen-
dation, level of evidence A) improved risk strati-
fication [8]. Whether galectin-3 may be useful in
predicting CV risk in non-HF patients still needs to
be established.

Galectin-3 vs. standardly used biomarkers

Galectin-3 is a prognostic marker for all-cause
mortality and rehospitalization in chronic HF, inde-

908

Arch Med Sci 4, June / 2017



Potential novel biomarkers of cardiovascular dysfunction and disease: cardiotrophin-1, adipokines and galectin-3

pendently of NP [8, 14, 100, 101]. Also, galectin-3
adds prognostic information to that provided by
NT-proBNP in HF patients with NT-proBNP above
the median (Table IV) [107].

In a recent head-to-head comparison of ST-2
and galectin-3 for risk stratification in chronic HF
performed by Bayes-Genis et al. [108], ST-2 proved
superior: ST-2 brought a significant increase in
the predictive power of a risk model for HF com-
posed of 11 classical risk factors and NT-proBNP
while the contribution of galectin-3 was negligible
— hence the observation that galectin-3 may be
more useful in early stages of HF and the need
for trials that investigate the predictive utility of
galectin-3 according to HF stages [108].

Despite NT-proBNP being more sensitive than
galectin-3 in diagnosing AHF, galectin-3 was a bet-
ter predictor for 60-day mortality and for the com-
posite end-point death and recurrent HF within
60 days in AHF patients. The combination of

galectin-3 and NT-proBNP best predicts death/re-
current HF in AHF [109].

Peacock [110] developed an algorithm for the
emergency department recommending manag-
ing HF presentations (emergency department
treatment and discharge, observation unit ad-
mission with 24-hour re-evaluation or immediate
hospitalization) according to BNP and galectin-3
levels. The algorithm has not yet been validated.
Galectin-3 in combination with NT-proBNP may
be useful in short-term risk reclassification of pa-
tients with AHF and could help decision-making
in order to better identify candidates for admis-
sion to intensive care units and candidates for
discharge.

The multimarker approach

Cardiovascular disease have multiple pathophys-
jological backgrounds: HF is a result of inflamma-
tion, myocardial remodeling, cardiomyocyte injury

Table V. Combinations of biomarkers that proved superior to single biomarker assessment and proposed multi-

marker associations to assess in future trials

heart failure than either marker
alone

Proposed Type of Advantages Pitfalls/confounders that Source

association information may influence the power

of biomarkers and indication of prediction/risk strati-

fication
CT-1 + Diagnosis Increases sensitivity for Metabolic syndrome (also Lopez
NT-proBNP of HF in diagnosing HF (78%) compared increased levels of CT-1) et al. [29]
hypertension to NT-proBNP alone (72%) and Chronic kidney disease
slightly improves AUC (from 0.818 (increases NT-proBNP)
for NT-proBNP alone to 0.854)

CT-1 + BNP Prognosis of HR = 2.48 for BNP > 170 pg/ml Metabolic syndrome (also Tsutamoto
mortality in + CT-1 > 658 fmol/ml vs. BNP > increased levels of CT-1) etal. [30]
chronic HF 170 pg/ml + CT-1 < 658 fmol/ml Chronic kidney disease

(p =0.01) (increases NT-proBNP)

Galectin-3 + Prognosis of HR = 1.84 for NT-proBNP > 932 Chronic kidney disease Anand

NT-proBNP mortality in pg/ml + galectin-3 > 16.2 ng/ml (both correlate with et al. [107]
chronic HF kidney function) (Val-HeFT trial)

Galectin-3 + Prognosis Galectin-3 > 9.42 ng/ml + Chronic kidney disease Van Kimmenade

NT-proBNP of death/ NT-proBNP > 5 562 pg/ml was (both correlate with et al. [109]
recurrent HF associated with significantly kidney function)

in AHF higher risk of mortality/recurrent

Potential multimarker assessments to consider in future clinical trials

Chronic HF prediction and prognosis
Resistin + BNP/NT-proBNP + CT-1

Chronic HF prognosis
Adiponectin + BNP/NT-proBNP + CT-1

CHD risk stratification
Resistin + BNP/NT-proBNP

Diagnosis of ACS
Resistin + myocardial enzymes + troponin

CHD risk assessment
Leptin + adiponectin + CRP

ACS — acute coronary syndrome, AHF — acute heart failure, AUC — area under the curve, CHD — coronary heart disease, HF — heart failure,

HR - hazard ratio.
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and neurohormonal activation, while CHD is the
result of vascular inflammation, atherosclerosis,
thrombosis and ED. Therefore, a multibiomarker
assessment could provide a global assessment of
the disease, thus increasing the predictive and prog-
nosis accuracy. Also, despite its limited utility when
used alone, a biomarker may still be helpful when
integrated into a biomarker panel [5]. In this regard,
Ky et al. [111] investigated the utility of a panel
consisting of 8 biomarkers reflecting different bio-
logical processes as a prognostic tool in chronic HF.
Established biomarkers such as troponin |, BNR ST-2,
CRR creatinine, and uric acid were included togeth-
er with markers of oxidative stress and vascular
growth and remodeling. The multimarker score sig-
nificantly reclassified 24% of patients as higher risk
when added to clinical risk scores.

The difficulty consists in identifying those mul-
tibiomarker panels that perform best for the mini-
mum cost and are easy to assay. Also, the optimal
biomarker panel should best guide therapeutic
management [112]. As numerous potential bio-
markers have been discovered, now the great chal-
lenge is to identify the optimal multibiomarker test.

Most of the above-mentioned molecules
proved to be significant predictors of CVD and as-
sociated mortality, alone and in conjunction with
traditional biomarkers. The combinations of bio-
markers that are promising for further analysis in
clinical trials are presented in Table V.

Conclusions

Combining various new risk markers could help
improve risk-based intervention and achieve the
optimal therapeutic approach, as traditional CV
risk factors are in many cases not able to provide
a clear assessment of risk strata. Nevertheless,
CT-1 is a promising biomarker for assessing risk
in hypertensive patients. It would allow the iden-
tification of patients at high risk for developing
HF, and it could also be a useful tool for assessing
treatment outcome. High leptin, low adiponectin
and high resistin levels are biomarkers of vascular
inflammation, dysfunction, atherosclerosis, and
increased stiffness and could be used to predict
CV disease and outcome, according to the under-
lying CV state. Galectin-3 is already recommend-
ed for establishing prognosis in both acute and
chronic HF patients. Although clinical trials have
also shown promising results for galectin-3 as an
independent prognostic factor for assessing CV
risk in non-HF patients, its best predictive value
seems to be in high-risk patients.

Most studies are in favor of using the above-men-
tioned molecules as new biomarkers for CVD and
mortality. The practical use of a multi-biomarker
evaluation in conjunction with risk score models
already available could bring valuable information

regarding disease or risk prognosis, especially as
these new biomarkers promise to bring a signif-
icant increase in the predictive power of already
established biomarkers (e.g. BNP) and/or clinical
factor algorithms.
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