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A B S T R A C T   

Background and aims: Previous studies have shown that circulating chromogranin A (CgA) increases in patients 
with chronic systolic heart failure (HF). Aim of the present study is to evaluate the potential role of circulating 
vasostatin-1 (VS-1), a cardioregulatory fragment of CgA, as prognostic marker in patients with chronic HF. 
Materials and methods: The plasma levels of CgA and VS-1 were determined in 80 patients with chronic systolic 
HF. Patients were followed-up to evaluate the occurrence of cardiovascular (CV) events. 
Results: CgA and VS-1 plasma levels were significantly higher in patients with CV events at follow-up. VS-1, but 
not CgA, was associated to NT-proBNP. No significant association of CgA and VS-1 with left ventricular ejection 
fraction (LVEF) was observed. CgA, NT-proBNP and age, but not VS-1, were independent predictors of CV events. 
Conclusion: In patients with chronic systolic HF those who experienced CV events had higher levels of VS-1 and 
CgA. Given its established effect on cardiac cells, the association of VS-1 levels with NT-proBNP levels but not 
with LVEF, suggests that this fragment might provide complementary information to NT-proBNP and CgA in HF 
patients.   

1. Introduction 

Different cell types, including neuroendocrine cells and car
diomyocytes, produce chromogranin A (CgA), a polypeptide belonging 
to the chromogranin-secretogranin family [1–3]. This protein, which is 
stored in secretory granules and is exocytotically released in the tissue 
microenvironment and then in circulation, can exert a variety of regu
latory functions in several biological pathways. CgA presents multiple 
proteolytic sites, and most of its actions are mediated by its fragments 
[4–6]. The discovery that cardiomyocytes produce CgA and co-secrete it 
with brain natriuretic peptide (BNP), in particular in dilated and hy
pertrophic cardiomyopathies, has recently increased the interest aimed 
at investigating the cardiovascular (CV) effects of CgA and its fragments 
[7]. These studies have shown that full-lenght CgA can exert negative 
lusitropic and inotropic effects on cardiac muscles and vasodilator effect 

on coronary arteries, through nitric monoxide (NO) pathway [8]. 
Similar inhibitory effects have also been observed with two fragments of 
CgA, called vasostatin-1 (VS-1) and catestatin (Cst) [9]. Additionally, 
these fragments can exert protective effects against myocardial 
ischemia, post-ischemic reperfusion injury, and can modulate calcium 
release from endoplasmic reticulum [10,11]. Finally, CgA, VS-1 and Cst 
can also regulate endothelial homeostasis [12]. For example, CgA and 
VS-1 can enhance the endothelial barrier function and exert anti- 
angiogenic effects, whereas Cst can exert pro-angiogenic effects 
[13–16]. Moreover, CgA and its fragment VS-1 have been studied as 
potential marker of atherosclerosis progression in carotid arteries [17]. 
Some preclinical studies indicate Cst as a reliable indirect marker of 
sympathetic nervous system activity which, in HF patients, could 
potentially highlight those with a more advanced disease [18]. On this 
basis, Cst resulted as a predictor of in-hospital death during an episode of 
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acute worsening HF [19]. 
Another fragment of CgA, corresponding to its C-terminal region 

(called serpinin) can also exert CV effects. Contrary to VS-1 and Cst, this 
fragment exerts positive inotropism and lusitropism through activation 
of β1-adrenergic receptor without long-term heart remodelling. 
Furthermore, similarly to VS-1 and Cst, serpinin promotes coronary 
vasodilation through NO-dependent pathway [20]. 

Circulating levels of CgA in heart failure (HF) patients have been 
shown to be significantly associated to NYHA (New York Heart Associ
ation) classification and morbidity/mortality rates [21–25]. However, 
in the GISSI-HF study, after correction for confounding factors, the as
sociation between CgA and mortality was no longer significant [26]. The 
aim of this study was to evaluate the potential prognostic role of VS-1 
levels in HF patients in relation to clinical and conventional diagnostic 
and prognostic tools, such as NT-proBNP levels and left ventricular 
ejection fraction (LVEF). 

2. Methods 

Eighty consecutive ambulatory patients (17 females, age 73 (63–78) 
yrs) with chronic systolic HF (LVEF <45%), NYHA class I-III on optimal 
guideline-directed medical therapy (GDMT) for at least the previous 3 
months were recruited. LVEF was determined by echocardiography 
performed within 30 days before study inclusion. Transthoracic echo
cardiographic exams (TTE) were performed using the Vivid E95 ultra
sound system equipped with a 4Vc-D 4D Matrix Cardiac transducer (GE 
Vingmed Ultrasound, Horten, Norway). LVEF measurement was 
assessed by the modified Simpson biplane method. The plasma levels of 
CgA, VS-1 and NT-proBNP were analyzed. Blood samples were obtained 
from fasting outpatients in vacutainer tubes containing EDTA in be
tween 9 a.m. and 1 p.m. at the time of recruitment. Timing of sampling 
was uniformed to limit the potential day-period variations of CgA 
plasma levels. Afterwards, blood samples were centrifuged at 2500g, at 
4 ◦C, for 10 min, and plasma samples sent to the laboratory in Eppendorf 
safe-lock tubes at room temperature. At last, plasma samples were pre
served at − 20 ◦C until sample testing. 

2.1. Follow-up 

After study entry, patients were seen approximately twice a year, 
unless otherwise indicated. All subjects who had not attended the clinic 
at least once after the study entry date, were actively searched by tele
phone and/or ordinary mail. Survival status was ascertained by tele
phone interviews with patients, family members, or their general 
practitioners using standard questionnaires. Death certificates were 
obtained where applicable. All hospital visits were performed by a 
cardiologist of the heart failure clinical team. No nurses were involved in 
the follow-up. 

2.2. Definitions 

During the follow-up period, patients were managed by cardiologists 
through the rapid access to specialized outpatient HF clinic. Hospitali
zations were identified and classified according to preset criteria as 
either a planned or unplanned admission. If the admission was un
planned it was sub-classified into either acute cardiac decompensation 
or one of the following categories (generically indicated as CV causes): 
worsening of the severity of HF; new medical problem related to the 
aetiology of HF (e.g. further myocardial infarction in a patient with HF 
due to previous myocardial infarction); new medical problem directly 
related to HF (e.g. cellulitis of oedematous lower limbs); cardiac surgery; 
percutaneous cardiac interventions. Non cardiovascular causes were: 
new medical problem not related to HF or its aetiology; social reasons; 
unplanned admission for change in therapy; improved compliance or 
further investigation; iatrogenic; other (including surgical admissions). 

Death was classified as cardiovascular if it was coded as 390 to 459 

(9th International Revision of the International Classification of Death - 
https://www.cdc.gov/nchs/icd/icd9.htm) on death certificates. 

All patients signed informed consent, and the study was approved by 
the local ethics committee. 

2.3. CgA and VS-1 determination 

Plasma levels of CgA and VS-1 were assessed by using two sandwich 
ELISAs previously described [27]. The CgA-ELISA was based on the use 
of the monoclonal antibody (mAb) B4E11 in the capture step (against an 
epitope located in the N-terminal domain), and an anti-recombinant 
CgA polyclonal antiserum in the detection step (against epitopes 
located in the central region). This assay can detect full-length CgA as 
well as fragment lacking the C-terminal region, but not VS-1. The VS-1- 
ELISA was based on the use of mAb 5A8 in the capture step (against an 
epitope located in the N-terminal domain) and rabbit antibodies against 
the C-terminal residues of VS-1. This assay can detect VS-1 (CgA1-76), 
but not full-length CgA or larger fragments [27]. 

2.4. Statistics 

Statistical analysis was performed with the Stata software package 
(StataCorp. 2013. Stata Statistical Software: Release 13. College Station, 
TX: StataCorp LP.). Categorical variables are reported as number (per
centage) and compared with the Pearson’s chi-squared. Continuous 
variables, given their non-normal distribution (tested by Shapiro-Wilk 
W test for normality and Kolmogorov-Smirnov tests of the equality of 
distributions), are reported as median (interquartile range [IQR]) and 
compared with the Two-sample Wilcoxon rank-sum (Mann-Whitney) 
test. Plasma levels of total CgA and VS-1 were compared in patients with 
and without a CV event during follow up. 

The relationships between CgA, VS-1, NT-ProBNP and EF were 
studied with the univariate linear regression. A p-value < 0.05 was 
considered statistically significant. 

Multivariate Cox regression analysis was used to identify indepen
dent predictors of CV events (variables tested on univariate and multi
variate analysis were all the variables in Table 2) 

3. Results 

Table 1 shows the clinical characteristics and concomitant pharma
cological therapy of study patients. Mean follow-up from study entry 
was 644 ± 184 days. Twenty-one patients experienced a CV event at 
406 ± 228 days during follow-up. Twenty patients were hospitalized for 
acute decompensated HF, while death for CV cause occurred in only one 
patient. No patients underwent heart transplantation during follow-up. 

CgA and VS-1 plasma levels were significantly higher in patients with 
events compared to those without (Fig. 1). In particular, CgA values 
were 6.79 nM (3.70–11.15) vs 2.42 nM (1.32–4.96), p < 0.001. VS-1 
values were 0.28 nM (0.18–0.37) vs 0.21 nM (0.13–0.26), p = 0.04, 
respectively. Patients who experienced a CV event were older [76 
(73–79) vs 70 (62–77) yrs, p = 0.006], and had higher baseline plasma 
levels of NT-proBNP [1799 (1068–5542) vs 798 (350–1662) pg/ml, p <
0.001], while ejection fraction was not different [38 (30–43) vs 37 
(33–43) %, p = 0.684]. Table 2 shows clinical characteristics and lab
oratory findings stratified by the CV event. 

In all patients a positive correlation between levels of VS-1 and NT- 
ProBNP (R2 = 0.259, p < 0.05) was observed (Fig. 2). On the contrary, 
no statistically significant correlation was observed between levels of 
CgA and NT-proBNP. No significant association of CgA and VS-1 with 
LVEF was observed. 

To evaluate whether the values of CgA and VS-1 were influenced by 
the intake of proton pump inhibitors (PPI), a class of drugs known to 
increase the release of CgA from the gastric mucosa, we compared, 
within all patients group, these variables according to the concomitant 
use of PPI. The median values of CgA and VS-1 were increased in 
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patients who were on PPI compared to those not taking PPI (Fig. 3). In 
particular CgA values were 4.97 nM (2.55–9.01) vs 1.29 nM 
(0.81–2.35), p < 0.001. VS-1 values were 0.24 nM (0.19–0.32) vs 0.16 
nM (0.12–0.24), p = 0.002, respectively. There were no statistically 
significant differences as regard NT-proBNP values among the whole 
patient population stratified by the intake of PPI. 

A multivariate regression analysis was used to identify independent 
predictor of CV events. According to the final multivariate model, 
among all the analyzed variables, age (CI 1.01–1.16, p = 0.016), NT- 
proBNP (CI 1.01–1.08, p = 0.049) and CgA (CI 1.04–1.25, p = 0.006) 
were the only independent predictors of CV events. VS-1 levels were 
higher in patients experiencing CV events, although this molecule was 
not retained as a predictor in the multiple regression analysis 

(Supplementary materials, Tables 1–2). 

4. Discussion 

Endocrine properties of cardiac cells are an established notion. On 
this basis research in HF and other CV conditions has been heavily 
focused on the potential role of new molecules as diagnostic and prog
nostics markers or even therapeutic targets. These endocrine functions 
are ensured, among others, by natriuretic peptides [28]. All the endo
crine substances produced by the heart, given their endocrine, autocrine 
and/or paracrine mechanism of action, in concert with neurotransmit
ters released by the Autonomic Nervous System (ANS), increase the 
variety of chemical signals that may contribute to cardiac physiological 
and pathophysiological states [29]. In HF, chronic activation of sym
pathetic nervous system (SNS) has adverse prognostic significance and 
may accelerate the pathological processes [30]. In this context CgA and 
its fragments (VS-1 and Cst) have been found to exert a negative 
inotropic effect mainly through NO pathway, but perhaps also through a 
NO independent pathway, interacting with beta-adrenergic receptors, 
counterbalancing the SNS activation [7–9]. Whether the influence of 
these molecules on inotropism is beneficial or detrimental may depend 
on the specific heart condition under study and remains to be 
established. 

The clinical potential of CgA in HF and the possible relationships 
with other common parameters, such as natriuretic peptides and LVEF, 
has been investigated without consistent results [21–26]. Our study has 
evaluated, for the first time, the role of VS-1 (the CgA1-76 N-terminal 
fragment) in HF patients, and its relationships with well-known 

Table 1 
Baseline clinical characteristics and pharmacological therapy of the whole study 
population.  

CLINICAL CHARACTERISTICS 

Age 73 (63–78) 
Gender (male) 63 (79%) 
Idiopathic cardiomyopathy 26 (32%) 
Ischemic cardiomyopathy 26 (32%) 
NYHA class I 15 (19%) 
NYHA class II 56 (70%) 
NYHA class III 9 (11%) 
EF 37% (33–43) 
ICD 21 (26%) 
Sinus rhythm 58 (72%) 
AF 22 (28%) 
Diabetes 25 (31%) 
Hypertension 52 (65%) 
Hypercholesterolemia 37 (46%) 
Family history for CAD 16 (20%) 
Chronic kidney disease 11 (14%) 
Smoking 6 (8%) 
Hypothyroidism 10 (12%) 
Hyperthyroidism 7 (9%)  

PHARMACOLOGICAL THERAPY 
Beta-Blockers 62 (78%) 
ACE-inhibitors 40 (50%) 
ARBs 19 (24%) 
Mineralocorticoid receptor antagonists 40 (50%) 
Loop diuretics 62 (78%) 
PPI 55 (69%) 
Nitrates 20 (25%) 
Digoxin 19 (24%) 
Dihydropyridine calcium channel blockers 8 (10%) 
Anticoagulants 31 (39%) 
Antiarrhythmics 14 (17%) 

Abbreviations: ACE, angiotensin converting enzyme; AF, atrial fibrillation; 
ARBs, angiotensin-II receptor blockers; CAD, coronary artery disease; EF, ejec
tion fraction; ICD, implantable cardioverter defibrillator; NYHA, New York 
Heart Association; PPI, proton pump inhibitors. 

Fig. 1. Box-plots for plasma levels of CgA and VS-1 in patients with chronic systolic heart failure stratified by CV event compared with Mann-Whitney test. Ab
breviations: CgA, chromogranin A; VS-1, vasostatin-1. 

Table 2 
Clinical characteristics and laboratory findings stratified by the CV event.   

CV events (21) Free from CV events 
(59)  

Gender (male) 18 (85%) 45 (76%) P = 0.550 
Age (yrs) 76 (73–79) 70 (62–77) P = 0.006 
NYHA class   P = 0.242 
I 2 (9%) 13 (22%)  
II 15 (72%) 41 (69%)  
III 4 (19%) 5 (9%)  
EF (%) 38 (30–43) 37 (33–43) P = 0.684 
NT-proBNP (pg/ 

ml) 
1799 (1068–5542) 798 (350–1662) P < 0.001 

Total CgA (nM) 6.79 (3.70–11.15) 
2 

2.42 (1.32–4.96) P < 0.001 

VS-1 (nM) 0.28 (0.18–0.37) 0.21 (0.13–0.26) P = 0.04 
PPI 18 (85%) 37 (62%) P = 0.093 

Abbreviations: CgA, chromogranin A; CV, cardiovascular; EF, ejection fraction; 
NT-proBNP, N-terminal pro brain natriuretic peptide; NYHA, New York Heart 
Association; PPI, proton pump inhibitors; VS-1, vasostatin-1. 
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parameters such as NT-proBNP, CgA and LVEF. The results show that 
VS-1 values are higher in patients experiencing CV events at follow up, 
mainly determined by increased occurrence of acute decompensated HF. 
Nevertheless, VS-1 does not appear as an independent predictor of CV 
events at multivariate analysis. Furthermore, our analysis confirms the 
potential prognostic role of CgA, as previously reported [21–25]. 
However, VS-1 positively correlates with NT-proBNP, while CgA does 
not. The association of VS-1 levels with NT-proBNP levels, but not with 
LVEF, suggests that this fragment may represent an independent and 
complementary marker to NT-proBNP and CgA. Despite this association, 
VS-1 levels resulted not predictive for CV events. A potential explanation 
for this finding may lie in the relatively small sample size. Moreover, 
neither of the two molecules correlate with LVEF. Since NT-proBNP is 
significantly associated with LVEF, the lack of correlation between VS-1, 
CgA and LVEF suggests that these two molecules may have a clinical 
meaning different from that of NT-proBNP, possibly indicating a resid
ual neuro-hormonal activation which may be independent by the degree 
of LV dysfunction, but likely predictable of future HF decompensation. 
Although only CgA was found as an independent marker of CV events, 
both the molecules could represent independent markers of disease, not 
dependent by LVEF and complementary to NT-proBNP, since their 
release may be related to different neuro-hormonal pathways. 

Despite the prognostic role of LVEF is an established asset, it should 
be acknowledged that LVEF has important limitations as a precise in
dicator of ventricular contractile performance, due to its load de
pendency and to the associated high inter- and intra-observer variability 
of its measurement with different techniques [31]. Additionally, apart 
from LVEF, patients may differ in terms of clinical characteristics, out
comes, and response to therapy, thereby underscoring the high degree of 

heterogeneity that exists among chronic HF patients and the need for 
improved phenotyping of the syndrome [32]. On this ground, it has been 
proposed to move away from a classification of HF based on LVEF and 
symptom severity alone [33]. In this context, the development of more 
precise prognostic biomarkers is warranted. The need of non-natriuretic 
peptide biomarkers in heart failure with preserved and reduced ejection 
fraction has recently been emphasized [34]. On the basis of the results of 
the present study, it appears that VS-1, CgA and NT-proBNP could yield 
a complementary role in predicting the occurrence of events in HF. The 
preliminary results of this pilot study should be tested in bigger study 
populations. 

Finally, it should be taken into account the fact that natriuretic 
peptides determination may not be accurate in presence of different 
conditions. In fact, independently from coexisting HF, BNP and NT- 
proBNP levels are higher in older patients [35], women [35], black 
population [36] in patients with renal dysfunction [37], sepsis [38], 
atrial fibrillation [39], and hyperthyroidism [40]. On the other hand, 
natriuretic peptide levels may be disproportionately lower in hypothy
roidism [40], in patients with obesity [41] or with advanced end-stage 
heart failure (the latter probably due to increased fibrosis) [42]. All 
these frequently encountered conditions in the HF population, definitely 
diminish the accuracy of natriuretic peptides in a fair proportion of 
patients. 

4.1. PPI and CgA 

Plasma CgA levels may increase also in patients with other diseases, 
such as chronic kidney disease, pancreatitis or systemic inflammatory 
diseases. Among iatrogenic causes of increased CgA plasma values the 
intake of PPI drugs stands out. Indeed, PPI are known to induce hy
perplasia of enterochromaffin-like cells (ECL) [43] and, consequently, to 
increase the release of CgA from the gastric mucosa [44]. It has been 
shown that increased CgA values could be associated to either ECL hy
perplasia and hyperfunction [44] and to low-dose PPI intake for short 
periods [45]. Notably, PPI induce CgA secretion to a greater extent than 
anti-H2 drugs [46]. On this basis, PPI intake has been considered a 
confounding factor in CgA dosing. 

Interestingly, compared to patients not on PPI, we observed a 4.0- 
fold increase of the median plasma levels of CgA and only a 1.5-fold 
increase of VS-1 levels in patients on PPI therapy. These data might 
suggest, knowing all the limits of this assumption, that VS-1 could be less 
susceptible than CgA to PPIs-induced changes. 

On this ground, the development of ELISAs for other fragments with 
known cardiovascular activity but not yet evaluated in patients with HF, 
such as serpinin (CgA411-436), and a better knowledge of fragments 
already detected with ELISAs and studied as potential markers for 
diagnosis and prognosis in HF, such as Cst (CgA352-372) [47], along with 
detection of VS-1 in HF patients is definitely warranted. 

Fig. 2. Scatter plot with linear regression line between VS-1 and NT-ProBNP 
among all patients. Abbreviations: NT-ProBNP, N-terminal pro brain natri
uretic peptide; VS-1, vasostatin-1. 

Fig. 3. Box-plots for plasma levels of CgA and VS-1 in patients with chronic systolic heart failure stratified by proton pump inhibitors intake compared with Mann- 
Whitney test. Abbreviations: CgA, chromogranin A; PPI, proton pump inhibitors; VS-1, vasostatin-1. 
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4.2. Study limitations 

The relatively small sample size represents the main limitation of the 
present study. Moreover, the generalizability of the results are limited 
because there might be confounders, other than PPIs consumption, that 
could affect CgA and VS-1 values. 

5. Conclusions 

VS-1 and CgA plasma levels appear significantly higher in HF pa
tients experiencing a CV event. Considering the experimental evidence 
on the mechanisms of release and action of VS-1, these results could 
suggest a prognostic role for CgA and VS-1 in chronic systolic HF, 
although only CgA appears as an independent marker of CV events at a 
multivariate analysis. Plasma levels of VS-1, unlike those of CgA, were 
associated with NT-proBNP. Given the significant association between 
NT-proBNP and LVEF, the lack of correlation between VS-1, CgA and 
LVEF may suggest that the evaluation of these fragments could be as 
independent and complementary markers to NT-proBNP, especially in 
those cases where natriuretic peptides elevation may be aspecific. 
Possibly, CgA and VS-1 release occurs through pathophysiological 
pathways different from known mechanical mechanisms involved in HF 
onset and progression. In fact, the increment of both molecules probably 
indicates a residual neuro-hormonal activation, independent by the 
degree of LV dysfunction, but likely predictable of future HF decom
pensation. Finally, VS-1 appears less susceptible than CgA to PPIs- 
induced changes and, therefore, more easily interpretable in the daily 
clinical context. 
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