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Abstract

Chronic heart failure (CHF) remains a leading cause of morbidity and mortality. In the current study, we aimed to

evaluate the predictive value of circulating thrombospondin-2 (TSP-2) for cumulative survival in patients with

ischemic CHF due to coronary artery disease (CAD). The results showed that during a median follow-up of

2.18 years, 21 participants died and 106 subjects were hospitalized repeatedly. The median circulating levels of

TSP-2 in patients who survived and those who died were 0.63 ng/mL (95%CI50.55-0.64 ng/mL) and 1.03 ng/

mL (95% CI50.97-1.07 ng/mL) (P,0.001). Circulating TSP-2 independently predicted all-cause mortality

(OR51.27; 95%CI51.08-1.59; P50.002), CHF-related death (OR51.16; 95%CI51.02-1.50; P,0.001), and also

CHF-related rehospitalization (OR51.12; 95%CI51.07-1.25; P,0.001). In conclusion, among CAD patients with

symptomatic CHF, increased circulating TSP-2 is correlated with increased 3-year CHF-related death, all-cause mor-

tality, and risk for recurrent hospitalization.
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Introduction

Chronic heart failure (CHF) remains a leading cause

of morbidity and mortality worldwide
[1]
. The natural

evolution of CHF is associated with endothelial dys-

function that results in shear stress disorders on

endothelium which is exerted by several factors, such

as angiotensin-aldosterone system activation, oxidative

stress, proinflammatory response, exaggerated collagen

synthesis and extracellular matrix (ECM) remodelling

in vasculature, and degradation of vasodilators
[2]
.

Thrombospondin-2 (TSP-2) is an important component

that influences the function of vascular smooth muscle

cells, endothelial cells, fibroblasts and inflammatory

cells, as well as modulates the survival of endothelial

cells and myocytes with important implications for

CHF evolution
[3-4]

. Therefore, TSP-2 mediates an adap-

tive endothelial stress response, integrates endothelial

function with ECM protein remodelling and, also pro-

tects the heart and the vessels from any injury
[5]
.

Recent experimental studies have shown that TSP-2,

as an essential inhibitor of angiogenesis, cardiomyo-

cyte damage and extracellular matrix disruption, is

able to increase age-dependently and modulates an

interrelation between immunity and cardiovascular

remodelling
[6-7]

. Although TSP-2 may affect vascular

function, thereby influencing tissue remodelling and

promoting the generation of T regulatory cells that

control the inflammatory response
[8]
, the role of
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TSP-2 in CHF is completely unknown. It has been

reported that increased TSP-2 associates well with

the severity of diastolic heart failure and predicts mor-

tality in patients with preserved left ventricular ejec-

tion fraction
[9]
. This suggests that TSP-2 might be

considered as a marker of the natural evolution of

CHF irrespectively related with worsening endothelial

function. The objective of the study was to evaluate

the predictive value of circulating TSP-2 for cumula-

tive survival in patients with symptomatic CHF due

to coronary artery disease (CAD).

Patients and methods

Patients

The study included 188 patients aged 42 to 63 years

with ischemic (n 5 154) and non-ischemic (n 5 34)

symptomatic moderate-to-severe CHF, and 44 patients

with stable angiographically proven CAD. CHF was

diagnosed according to current clinical guidelines
[10]
.

The study was approved by the local ethics committee

of State Medical University, Zaporozhye, Ukraine. The

study was carried out in conformity with the

Declaration of Helsinki. All the patients provided their

written, informed consent for participation in the study.

The study lasted up to 3 years.

Multi-spiralcomputedtomographyangiography

Multi-spiral computed tomography (CT) angiography

was carried out for all the patients prior to their inclusion

in the study.When atherosclerotic lesions of the coronary

arteries were verified, patients were subjected to conven-

tional angiographic examination, provided indications

for revascularization were available. CAD was consid-

ered to be diagnosed upon availability of previous angio-

graphic examinations carried out no later than 6 months

previously, provided that no new cardiovascular events

occurred for this period and the procedureswere available

for assay. The coronary artery wall structure was mea-

sured by means of contrast spiral CT angiography
[11]

on

the Somatom Volume Zoom scanner (Siemens,

Erlangen, Germany) with two detector rowswith patients

holding their breath at the end of inspiration. After preli-

minary native scanning, non-ionic contrast Omnipak

(Amersham Health, Ireland) was administered for the

optimal image of the coronary arteries. To reconstruct

the image, 0.6-mm-width axial tomographic slices were

used.

Transthoracic echocardiography

Transthoracic ultrasonic echocardiography was per-

formed conventionally on an ACUSON apparatus

(SIEMENS) in B-mode regimen and tissue Doppler

echocardiography regimen from parasternal, subcostal,

and apical positions over the short axis and long axis

with sensor P of 5 MHz. Left ventricular end-diastolic

and end-systolic volumes were measured by modified

Simpson’s planimetric method; they were measured by

cylindermethod if severe failure of localmyocardial con-

tractility was observed. Left ventricular ejection fraction

(LVEF) was assessed in compliance with the require-

ments of American Society of Echocardiography
[12]

.

Tissue Doppler echocardiography was carried out in

4-, 3- and 2-chamber projections in each of 16 segments

of the left ventricle and in 4 spots of the mitral annulus:

at the base of the posterior septal, lateral, inferior, and

anterior left ventricular walls
[13]

. Peak systolic (Sm),

early diastolic (Em), and late diastolic (Am) myocardial

velocities were measured in the mitral annulus area,

followed by calculating velocity of early diastolic left

ventricular filling (E) to Am (E/Am) ratio and to Em

(E/Em) ratio.

Calculation of glomerular filtration rate

Glomerular filtration rate (GFR) was calculated

using MDRD-6 formula
[14]
.

Measurement of TSP-2, galectin-3, NT-pro-

BNP, total cholesterol and its fractions

To determine TSP-2, N-terminal pro-brain natriuretic

peptide (NT-pro-BNP), total cholesterol (TC) and cho-

lesterol fractions, blood samples were drawn in the

morning (at 7-8 a.m.) into pre-chilled silicone test

tubes. Samples were processed according to the recom-

mendations of the manufacturer of the analytical instru-

ments used. They were centrifuged at 6,000 rpm for 3

minutes. Then, plasma was refrigerated immediately

and stored at a temperature not higher than -35
u
C.

Circulating galectin-3 (Gal-3) and TSP-2 levels were

determined by ELISA (Bender MedSystems GmbH,

Vienna, Austria). NT-pro-BNP content was measured

by immunoelectrochemoluminescent assay using sets

by R&D Systems (USA) on Elecsys 1010 analyzer

(Roche, Mannheim, Germany). Concentrations of TC

and high-density lipoprotein cholesterol (HDL-C) were

measured by fermentation method. Concentration of

low-density lipoprotein cholesterol (LDL-C) was calcu-

lated according to the Friedewald formula (1972).

Statistical analysis

Statistical analysis was carried out in the SPSS system

for Windows, Version 22 (SPSS Inc, Chicago, IL,

USA). The data were presented as mean¡SEM or

95% confidence interval (CI); median and interquartile

range. Normal distribution was checked by means of
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Shapiro-Wilk test and Kolmogorov-Smirnov test. Two-

tailed Student t-test or Shapiro-Wilk U-test were used

for comparison of the main parameters of patients9

groups. Chi square test (x2) and Fisher F exact test were

used to compare categorical variables between groups.

The circulating TSP-2 and NT-pro-BNP levels in the

blood were not in normal distribution, while distribution

of TC and cholesterol fractions had a normal character

and was not subjected to any mathematical transforma-

tion. The factors, which could be associated potentially

with circulating TSP-2, were determined by logistic

regression analysis. Receiver operation curve (ROC)

analysis was carried out to identify the optimal cut-off

points of the TSP-2 concentration with predicted value.

Net reclassification improvement (NRI) was used for

comparison of AUC curves. Odds ratio (OR) and

95%CI were calculated for all the independent predictors

of survival of the patients. A calculated difference of

P,0.05 was considered significant.

Results

Demographic and baseline characteristics of

the study patients

Table 1 shows the general characteristics of the

patients included in the study. No statistical differences

in age and gender were found among study subjects.

The patients were also comparable in baseline charac-

teristics including body mass index (BMI), GFR,

HbA1c, fasting blood glucose level, blood creatinine

level, TC, LDL-C and HDL-C, and the number of

damaged coronary vessels.

Hypertension was present in 32 (72.7%) CAD sub-

jects without CHF and in 73 (47.4%) ischemic CHF

subjects (P50.002). No hypertension subjects in the

non-ischemic CHF cohort were found. The proportion

of patients with dyslipidemia in all cohorts was similar.

Type 2 diabetes mellitus was present in 17 (38.6%)

CAD subjects without CHF, in 53 (34.4%) subjects

with ischemic CHF, and in 3 (8.8%) subjects with

non-ischemic CHF (P50.003). CHF class distribution

was similar between heart failure patients in the two

cohorts. No difference was found between cohorts in

systemic blood pressure (BP) and heart rate (HR).

The levels of circulating NT-pro-BNP and Gal-3

were significantly higher in patients with CHF than

in CAD patients without left ventricular dysfunction.

There was not a statistically significant change in left

ventricular ejection fraction, E/Am and E/Em between

the CAD cohort and ischemic CHF cohort, while

decrease in the left ventricular ejection fraction and

increase of diastolic performances were found in

patients with non-ischemic CHF in comparison with

other cohorts.

When analyzing details of pharmacotherapy, no sub-

stantial differences were found between CAD subjects

without CHF and ischemic CHF patients with regard

to administration of the majority of drugs. However, fre-

quencies of statins and metformin prescribing in non-

ischemic CHF patients were lower when compared with

CAD subjects without CHF and ischemic CHF patients.

Clinical events

During the median follow-up of 2.2 years, 21 parti-

cipants with ischemic CHF died and CHF-related death

was defined in 18 patients of this cohort. Additionally,

106 subjects with ischemic CHF were re-hospitalized

due to advanced CHF. Eleven subjects with non-

ischemic CHF were admitted to the hospital due to

advanced CHF and 9 subjects died due to CHF-related

reasons. Only three patients with CAD without CHF

died due to myocardial infarction within the observa-

tion period. Four new cases of ischemic CHF were

found in the CAD subjects. All clinical events for sur-

vival analysis were determined as cumulative.

Circulating TSP-2 levels

The median circulating levels of TSP-2 in ischemic

CHF patients were 17.31 ng/mL (95%CI514.10-

19.13 ng/mL) and, in non-ischemic CHF patients, were

18.19 ng/mL (95%CI515.25-20.1 ng/mL) (P50.62).

However, the median circulating TSP-2 in CAD

patients without CHF was 12.13 ng/mL (95%CI5

10.10-15.23 ng/mL) (P50.022).

Furthermore, TSP-2 plasma levels were directly corre-

lated with galectin-3 (r50.599, P50.001); NT-pro-BNP

(r50.493, P50.001), NYHA functional class of CHF

(r50.46, P50.001), multi-vessel lesion of coronary

arteries (r50.362, P50.001), E/Am (r50.362,

P50.001) , E/Em (r50.34, P50.001) , T2DM

(r50.34, P50.003), TC (r50.32, P50.001), age

(r50.29,P50.001), gender (r50.212,P,0.001 formale),

smoking (r50.26, P50.001) and inversely to LVEF (r5
-0.542, P5 0.001) and estimated GFR value (P5-0.438,

P50.003). No significant association between the levels

of circulating TSP-2 with fasting plasma glucose,

HbA1c, mean systolic and diastolic BP, premature CAD

in family history, and medications for both cohorts of the

patients was found.

The TSP-2 concentration as predictor of CHF

ROC was constructed for TSP-2 concentrations

among patients with and without cumulative clinical

events, defined as combination of death and CHF-related
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hospitalization. ROC analysis indicated selected patients

with cumulative clinical events had a lowerTSP-2 concen-

tration than subjects who demonstrated clinical events.

We found that the best balanced cut-off point of TSP-2

concentration for patients with cumulative events versus

without cumulative events was 14.65 ng/mL. The area

under cure (AUC) represented 0.823 (SD 5 0.34;

95%CI 0.575-0.889;P,0.001), and sensitivity and speci-

ficity were 89.6% and 63.3%, respectively. ROCs were

created for ischemic CHF subjects, non-ischemic CHF

patients andCADpersons without CHF.We used the pre-

viously obtained cut-off point of TSP-2 concentration of

Table 1 General characteristic of the study patient population

CAD subjects without CHF

(n 5 44)

With ischemic CHF

(n 5 154)

With non-ischemic

CHF (n 5 34) P value

Age, years 57.20¡6.70 58.34¡9.60 59.50¡7.30 0.46

Males, n (%) 25 (56.8%) 86 (56.2%) 17 (50.0%) 0.32

Hypertension, n (%) 32 (72.7%) 73 (47.4%) 0 0.00

Dyslipidaemia, n (%) 19 (43.2%) 61 (39.6%) 12 (35.3%) 0.36

T2DM, n (%) 17 (38.6%) 53 (34.4%) 3 (8.8%) 0.00

CHF class II, n (%) 0 43 (27.9%) 10 (29.4%) 0.62

CHF class III, n (%) 0 76 (49.4%) 16 (47.0%) 0.64

CHF class IV, n (%) 0 35 (22.7%) 8 (23.5%) 0.58

Adherence to smoking, n (%) 8 (18.2%) 31 (20.1%) 8 (23.6%) 0.22

BMI, kg/m2 (95%CI) 23.7 (22.5-27.3) 24.1 (21.6-28.7) 24.2 (22.0-27.9) 0.44

GFR, mL/(min./1.73 m2) (95%CI) 82.1 (69.9-93.1) 82.3 (68.7-102.6) 85.2 (70.3-112.5) 0.43

HbA1c, % (95%CI) 6.3 (4.4-9.0) 6.8 (4.1-9.5) 6.0 (4.3-7.2) 0.22

Fasting blood glucose, mmol/L

(95%CI)

4.80 (3.6-8.5) 5.20 (3.3-9.7) 5.40 (3.4-9.1) 0.55

Creatinine, mmol/L (95%CI) 70.5 (59.6-88.3) 72.3 (58.7-92.6) 74.9 (65.1-90.3) 0.42

Total cholesterol, mmol/L (95%CI) 5.3 (4.6-6.0) 5.1 (3.9-6.1) 5.0 (4.2-5.8) 0.46

LDL-C, mmol/L (95%CI) 3.6 (3.2-4.1) 3.2 (3.1-4.4) 3.02 (2.80-3.90) 0.44

HDL-C, mmol/L (95%CI) 0.9 (0.9-1.0) 0.9 (0.8-1.1)* 0.88 (0.82-0.97) 0.52

NT-pro-BNP, pg/mL (95%CI) 231.2 (104.8 - 360.7) 2218.5 (1054.2 - 3480.7) 2133.6 (1044.5 - 2960.6) 0.012

Galectin-3, ng/mL (95%CI) 6.10 (3.6 - 10.1) 15.90 (11.6 - 20.7) 14.10 (9.3 - 18.8) 0.026

Systolic blood pressure, mm Hg 132¡5 131¡8 129¡4 0.72

Diastolic blood pressure, mm Hg 75¡5 77¡6 77¡5 0.66

Heart rate, beats per 1 min. 68¡3 71¡3 76¡6 0.68

LVEF, % 55.4¡0.8 51.3¡1.5 42.8¡0.7 0.024

E/Am, U 12.5¡1.20 14.3¡1.1 16.6¡0.9 0.003

E/Em, U 10.6¡0.84 13.7¡1.1 16.6¡1.0 0.002

One-vessel lesion of CA, n (%) 9 (20.5%) 29 (18.8%) 0 0.72

Two-vessel lesion of CA, n (%) 20 (45.5%) 64 (41.6%) 0 0.66

Three- and multi-vessel lesion

of CA, n (%)

15 (34.0%) 63 (39.6%) 0

0.48

ACEI/ARAs, n (%) 44 (100%) 154 (100%) 34 (100%) 0.88

Acetylsalicylic acid, n (%) 40 (91.0%) 140 (90.9%) 34 (100%) 0.84

Other antiaggregants, n (%) 4 (9.0%) 14 (9.1%) 0 0.86

Statins, n (%) 19 (43.2%) 94 (61.0%) 12 (35.3%) 0.04

Metformin, n (%) 17 (38.6%) 53 (34.4%) 3 (8.8%) 0.01

Diuretics, n (%) 44 (100%) 139 (90.3%) 34 (100%) 0.86

Mineralcorticoid receptors

antagonists, n (%)

21 (47.7%) 79 (51.3%) 15 (44.1%)

0.24

Note: CI - confidence interval; CAD - coronary artery disease, CA - coronary artery, T2DM - type two diabetes mellitus, GFR - Glomerular filtration

rate, HDL-C - high-density lipoprotein cholesterol, LDL-C - Low-density lipoprotein cholesterol, BP - blood pressure, BMI - Body mass index,

NYHA - New York Heart Association, BNP - brain natriuretic peptide, LVEF - Left ventricular ejection fraction, U - unit, Em - early diastolic

myocardial velocity, Am - late diastolic myocardial velocity, E - peak velocity of early diastolic left ventricular filling, ACEI - angiotensin-converting

enzyme inhibitor, ARAs - angiotensin-2 receptors antagonists.
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14.65 ng/mL,with the aim of distinguishing subjects with

ischemic CHF and with non-ischemic CHF (P,0.05).

AUC obtained for CAD persons without CHF showed

to be significantly smaller when compared with AUCs

that were suitable for ischemic CHF and non-ischemic

CHF subjects (P,0.05) (Fig. 1). Thus, concentration

of TSP-2.14.65 ng/mL demonstrated predictive value

of expected cumulative clinical events among all selected

patient population, while the overall ability of the cut-off

point of TSP-2 to correctly identify CHF patients with

unfavourable clinical outcomes was higher than for other

cohorts.

Iterations between sensitivity and specificity of TSP-

2 cut-off point level for other clinical outcomes in the

study patient population with CHF are presented in

Table 2. For all occasions, the model was robust

and provided significant results using the optimal cut-

off point of TSP-2. However, there was a significant

difference between AUCs (Std. error) calculated for

CHF patients (Net reclassification improvement

[NRI] index 5 0.34; 95 CI 5 0.21 - 0.56; P 5

0.012). NRI statistical analysis showed that a random

event CHF subject had a higher predicted p value than

a random non-event CHF subject, and that the predic-

tive value of TSP-2 for ischemic CHF was statistically

higher than for non-ischemic CHF.

Given the obtained data, we included further analy-

sis of survival appropriate data for ischemic CHF

patients. A significant divergence of Kaplan-Meier sur-

vival curves was found in patients with high (.14.65

ng/mL) and low (,14.65 ng/mL) concentrations of

TSP-2 (Fig 2). The curve divergence of event accumu-

lation reached a statistical significance in week 22 of

the observation period (P,0.001).

In the logistic regression analysis, the main factors

independently related with cumulative mortality and

CHF-related rehospitalization were TSP-2, NT-pro-

BNP, galectin-3, LVEF, T2DM, and three- and multi-

vessel lesion. Circulating TSP-2 (over 16.65 ng/mL)

independent ly pred ic ted a l l - cause mor ta l i ty

(OR51.12; 95%CI51.07-1.17; P50.001), CHF-

rela ted death (OR51.08; 95%CI51.02-1.11;

P,0.001), and also CHF-related rehospitalization

(OR51.10; 95%CI51.02 - 1.15; P,0.001) within

the 3 years of the observation period (Table 3). NT-

pro-BNP, Gal-3 and LVEF remained statistically signif-

icant for all categories: all-cause mortality, CHF-related

death, and CHF-related rehospitalizations, whereas

T2DM and three- and multi-vessel lesions for all vari-

ables did not.

Using a stepwise model selection method for multi-

variable prediction model, we investigated the summary
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Fig. 1 Sensitivity and specificity of the model survival for patient study

population based on circulating TSP-2 level. Results of the Receiver

Operating Characteristic (ROC) analysis.

Table 2 Iterations between sensitivity and specificity of TSP-2 cut-off point level for clinical outcomes in study

patient population.

Cut-off point, ng/mL Sensitivity, % Specificity, % AUC (95% CI) P

Ischemic CHF

CHF-related death 14.65 99.1 59.2 0.822 (0.729-0.914) 0.001

CHF-related hospitalization 14.65 87.5 59.0 0.776 (0.7000-0.835) 0.001

All-cause mortality 14.65 99.8 62.5 0.814 (0.726-0.901) 0.001

Non-ischemic CHF

CHF-related death 14.65 82.3 47.6 0.732 (0.652-0.844) 0.001

CHF-related hospitalization 14.65 77.9 45.3 0.711 (0.630-0.822) 0.001

All-cause mortality 14.65 83.1 53.6 0.721 (0.663-0.837) 0.001

AUC : area under Receive Operation curve, CI : confidence interval.
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effect of any combinations of TSP-2, NT-pro-BNP,

galectin-3 and LVEF on all-cause mortality, CHF-

related death, and CHF-related rehospitalizations.

We found that TSP-2 (Model 1) and the combination

of TSP-2 with NT-pro-BNP (Model 2) remained statisti-

cally significant predictors for all-cause mortality

(B-coefficient51.22, P50.001, and B-coefficient

51,34, P50.001 respectively), CHF-related death

(B-coefficient53.56, P50.001, and B-coefficient 5

3,95, P50.001 respectively), and CHF-related rehospi-

talizations (B-coefficient52.90, P5 0.001, and B-coef-

ficient52,86, P50.001, respectively). Whereas,

combination of TSP-2 with NT-pro-BNP and galectin-3

(Model 3), combination of TSP-2 with galectin-3

(Model 4) or with NT-pro-BNP and galectin-3 and

LVEF (Model 5) were not significant predictors

(B-coefficient50.026, P50.82, and B-coefficient 5

0,025, P50.82, and B-coefficient50,015, P50.78,

and B-coefficient50,013, P50.58, respectively). In

fact, a stepwise model selection method demonstrated

that LVEF, T2DM and three- and multi-vessel lesions

of coronary arteries added to combination of TSP-2

and NT-pro-BNP do not offer any additional informa-

tion to discriminate between survived and dead patients

with CHF (B-coefficient of 0.022, 0.026, and 0.028,

respectively; p-values of 0.862, 0.880 and 0.860, respec-

tively).

Discussion

TSP-2 is a non-structural glycoprotein belonging to

the family of microcellular proteins regulating cell-

matrix interactions
[15]
. Currently, investigations indicate

that TSP-2 produces a dual effect on tissue remodelling.

First, TSP-2 activates the ‘anti-inflammatory’ T-regula-

tory cells through the interaction with CD47 that results

in preventing migration of endothelial cells, cell adhe-

sion, cell death, apoptosis, and necrosis
[16-17]

. Second,

TSP-2 may modulate tissue inflammation by limiting

the tissue damage caused by the immune response

and hence, realizing an adaptive effect
[18]

. Thirdly,

TSP-2 can inhibit angiogenesis by limiting matrix-mod-

ulating activity, proliferation and inducing apoptosis of

endothelial cells
[19]
. After acute tissue injury such as

ischemia and in a hypertension heart, increased circulat-

ing TSP-2 was found
[20]

. However, an association

between declined TSP-2 in blood and exaggerated

inflammatory response are expected in patients with

myocardial dysfunction
[21]

. Really, according to

Frangogiannis et al.
[20]

, thrombospondins, as potent

inhibitors of angiogenesis and activators of transform-
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Fig. 2 The cumulative survival in two groups of patients with

low (,14.65ng/mL)andhigh (.14.65ng/mL) circulating levels

of TSP-2. Kaplan-Meier survival analysis shows achieving significantly

divergence of survival curves in 22 weeks after baseline (P,0.05).

Table 3 Variables independently related to 3-year all-cause mortality, CHF-related death, and CHF-related

rehospitalization, obtained by logistic regression analysis.

All-cause mortality CHF-related death CHF-related rehospitalization

Variables OR 95%CI P OR 95%CI P OR 95%CI P

TSP-2 1.12 1.07-1.17 0.001 1.08 1.02-1.11 0.001 1.08 1.02-1.15 0.001

Galectin-3 1.14 1.10-1.17 0.003 1.52 1.28-1.69 0.001 1.40 1.19-1.75 0.001

NT-pro-BNP 1.09 1.02-1.16 0.002 1.42 1.22-1.73 0.006 1.44 1.28-1.67 0.002

LVEF 1.06 1.01-1.12 0.001 1.15 1.12-1.18 0.014 1.22 1.07-1.45 0.016

T2DM 1.05 1.01-1.11 0.001 1.03 0.93-1.10 0.32 1.04 0.97-1.06 0.420

three- and multi-

vessel lesion

1.02 0.88-1.09 0.56 1.01 0.92-1.07 0.27 1.14 1.03-1.26 0.012

TSP-2 : thrombospondin-2; OR : odds ratio, CI : confidence interval; LVEF : left ventricular ejection fraction; BNP : brain natriuretic peptide; T2DM:

type two diabetes mellitus.
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ing growth factor, are induced in healing myocardial

infarcts and play a pivotal role in suppressing the

post-infarction inflammatory response, inhibiting local

angiogenesis, and limiting expansion of granulation tis-

sue into the non-infarcted area. On the other hand, an

increase of TSP-2 level in CHF patients can be inter-

preted as a reflection of a non-adaptive response on

proinflammatory activation that is essential for CHF

and also appears to be critical for survival
[22]

. The

results of our investigation support this assumption.

We found elevated TSP-2 level in the patients who died

when compared with those who survived. However, an

increase of TSP-2 . 14.65 ng/mL associates well with

declined cumulative survival incidences at 22 weeks

after baseline (P , 0.05). Moreover, the significant

divergence of Kaplan-Meier survival curves in patients

with high (. 14.65 ng/mL) and low (, 14.65 ng/mL)

concentrations of TSP-2 was able to continue without

the tendency to convergence during all observation per-

iods. We also found that elevated circulating TSP-2

independently predicted all-cause mortality, CHF-

related death, and CHF-related rehospitalization in

patients with CHF. Thus, our findings relate well with

some of the recent clinical study data by Kimura et al.
[9]

and Hanatani et al
[21]
. Their research revealed that TSP-

2 may be considered as a useful biomarker in CHF

patients with reduced LVEF. However, Hanatani et

al.
[21]

found that circulating TSP-2 elevation was asso-

ciated with cardiovascular mortality in elderly men.

We also found a negative association for TSP-2 with

the LVEF value in subjects who were enrolled in the

study, but no profound correlations with age and the

male gender were investigated. Taking into considera-

tion the patients who were eligible for the study had

preserved LVEF and elevated circulating level of both

prognostic biomarkers in CHF: galectin-3 and NT-pro-

BNP. Therefore, galectin-3 and NT-pro-BNP were sig-

nificantly associated with circulating TSP-2, but the

predicted model, after adding to TSP-2 several biomar-

kers, such as NT-pro-BNP and galectin-3 or the combi-

nation of NT-pro-BNP with galectin-3 and LVEF, did

not improve cumulative prognostic value for combina-

tion TSP-2 and NT-pro-BNP. Similar data was obtained

for the combination of TSP-2 and NT-pro-BNP versus

TSP-2 and galectin-3. We believe that TSP-2 may be

added to the prognostic model based on NT-pro-BNP

and/or galectin-3 as a tool for reclassification of the

patients with CHF at high risk of mortality and CHF-

related unfavourable clinical outcomes. In conclusion,

among CAD patients with symptomatic CHF,

increased circulating TSP-2 is correlated with increased

3-year CHF-related death, all-cause mortality, and risk

for recurrent hospitalization.

The major limitation of this study was the small

population size. However, this was not a randomized

and controlled study. Authors believe that a greater

cohort of patients with more incidences detected is

desirable to improve the power of the study. Because

survival analysis provides little additional information

as there are too few deaths in the cohort, we use cumu-

lative events to increase the statistical power.
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