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ABSTRACT

 الأهداف:  لدراسة الأهمية السريرية لل VEGF ، sVEGFR-1 في 
فشل  مدى  متوسط  و   )HFrEF( القلب لفشل  القَذْف  تَراجُعِ  طَورُ 

.)HFmrEF( مرضى كسر القلب

الطريقة:  اشتملت هذه الدراسة المقطعية المقارنه على 104 أشخاص 
أصحاء  وأفراد  )العدد=54(   HFrref و   HFrEF مرضى  تتكون 
)العدد=50( في هذه الدراسة المقطعية المقارنه. أجريت الدراسة في 
أنقرة ، تركيا ، بين عامي م  للتدريب والبحوث ،  مستشفى غولهان 
 ، Serum VEGF  sVEGFR-1 و م2013.  أجري تحليل  2011م 

وتحليل البلازما BNP وأجري تخطيط صدى القلب عبر الصدر.

و   HFrEF لمرضى   sVEGFR-1 مستوى  متوسط  كان  النتائج:  
 0.185( المجموعة  التحكم  مجموعة  من  بكثير  أعلى   HFmrEF
مستوى  متوسط   .)p=0.013 ؛   0.120  ±  0.141 ؛   0.122  ±
بيتا  استخدام حاصرات   HFmrEF و   HFrEF sVEGFR-1 لمرضى 
يستخدمونه  لا   HFmrEF ومرضى   HFrEF من  بكثير  أعلى  كان 
الببتيد   sVEGFR-1 بين  وإيجابي  كبير  ارتباط  ظهر   .)p=0.015(
 N-terminal peptide ( مستويات  و  للدماغ  المؤيد  الناتريوتريك 

.HF )r=0.211، p=0.044 في المجموعة مع  (pro-BNP

 HFrEF في مرضى sVEGFR-1 الخاتمة:  إنه يزيد الوعي حول دور
anf HFmrEF والحاجة لمزيد من الدراسات. قد يكون لحاصرات بيتا 
تأثير سلبي على تولد الأوعية في HFrEF و HFmrEF عن طريق رفع 
 Pro-BNP بالإضافة إلى ذلك ، قد يساهم .sVEGFR-1 مستويات
 ،sVEGFR-1 في تثبيط الأوعية الدموية عن طريق زيادة مستويات
.HFmrEF و HFrEF مؤشرًا حيويًا هامًا في sVEGFR-1 وقد يكون

Objectives: To investigate the clinical significance of 
VEGF, sVEGFR-1 in heart failure reduced ejection 
fraction (HFrEF) and heart failure mid-range ejection 
fraction (HFmrEF) patients.

Methods: A total of 104 people consisting of HFrEF and 
HFmrEF patients (n=54) and healthy (n=50) subjects 
were included in this comparative cross-sectional study. 
The study took place in Gulhane Training and Research 

Hospital, Ankara, Turkey, between  2011 and 2013. 
Serum VEGF, sVEGFR-1, plasma pro-BNP analysis and 
transthoracic echocardiography were performed. 

Results: The average sVEGFR-1 level of the HFrEF and 
HFmrEF patients was significantly higher than the control 
group (0.185±0.122; 0.141±0.120; p=0.013). The average 
sVEGFR-1 level of the HFrEF and HFmrEF patients 
using beta-blocker was significantly higher than the HFrEF 
and HFmrEF patients not using it (p=0.015). There was 
a significant and positive correlation between sVEGFR-1 
and N-terminal pro-brain natriuretic peptide (pro-BNP)  
levels in the group with HF (r=0.211, p=0.044).

Conclusion: It increases awareness about the role of 
sVEGFR-1 in HFrEF anf HFmrEF patients and the need 
for further studies. Beta-blocker may have a negative effect 
on angiogenesis in HFrEF and HFmrEF via increasing 
sVEGFR-1 levels. Additionally, Pro-BNP may contribute 
to inhibiting angiogenesis by increasing sVEGFR-1 levels 
and sVEGFR-1 may be an important biomarker in HFrEF 
and HFmrEF.
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Heart failure with reduced ejection fraction (HFrEF) 
is clinical syndrome with distinctive symptoms 

and signs caused by a cardiac abnormality. In this study, 
ejection fraction (EF) is lower than 40%. Patients with 
EF of 40% to 50% named as heart failure with mid-range 
ejection fraction (HFmrEF) which is considered as 
a subgroup of heart failure with preserved ejection 
fraction (HFpEF) rather than HFrEF.1,2 Neurohumoral 
mechanisms play the role of conformation after the 
deterioration of cardiac functions.3,4 Angiogenesis, the 
formation new vessels that are already present, is an 
essential part of remodelling. Angiogenic molecules and 
their receptors play critical roles in endothelial growth, 
microvascular permeability, and angiogenesis.5 Vascular 
endothelial growth factor (VEGF) is an angiogenic 
molecule that both supports vessel dilation and 
stimulates new blood vessel formation. The primary 
VEGF receptors are VEGFR-1 and VEGFR-2, which 
are transmembrane molecules. Neovascularization due 
to the action of VEGF may be restricted as a means of 
prevention of heart failure (HF).6 Vascular endothelial 
growth factor receptor-1-mediated signalling improves 
vascular permeability.7 Soluble VEGFR-1 (sVEGFR-1) 
is formed by alternative splicing of VEGFR-1 messenger 
RNA (mRNA) and plays a role as a decoy protein. It is 
probably an inhibitor of VEGF.8

Studies on the association between circulating VEGF 
or sVEGFR-1 levels and clinical information of HFrEF 
and HFmrEF patients are very limited and the role of 
various concentrations of VEGF and sVEGFR-1 in the 
process of angiogenesis is still unknown. This is a clinical 
study on the clinical significance of plasma VEGF and 
sVEGFR-1 levels in HFrEF, HFmrEF patients and in 
patients on medications and with comorbidities due to 
HF. We hypothesized that increased sVEGFR-1 levels 
may contribute to impaired angiogenesis in HFrEF 
and HFmrEF patients. The aim of the study was to 
assess the effect of HFrEF and HFmrEF on the serum 
levels of VEGF and sVEGFR-1 in patients with HFrEF 
and HFmrEF. The results of this study will identify 
a physiopathological unknown in HFrEF, HFmrEF 
patients and will illuminate future studies.

Methods. A total of 104 patients, 54 with HFrEF and 
HFmrEF and 50 healthy controls, in Gulhane Training 
and Research Hospital, Ankara, Turkey, were included 

in this cross-sectional comparative study between 2011 
and 2013. Informed consent was obtained from each 
of the participants, and the local ethics committee of 
Gulhane Training and Research Hospital approved the 
research protocol. All of the procedures were followed in 
accordance with the ethical standards of the respective 
committees on human experimentation (institutional 
and national) and with the Helsinki Declaration of 
1975, as revised in 2008. We collected the blood samples 
as serums from all of the participants and the mean 
levels of serum VEGF, sVEGFR-1 of the HFrEF and 
HFmrEF patient group and the control group have been 
compared. The associations among VEGF, sVEGFR-1 
and clinical findings such as demographic features, 
laboratory results, medications and comorbidities have 
been evaluated in HFrEF and HFmrEF group. 

Each patient had undergone transthoracic 
echocardiography. A diagnosis of HFrEF was based on 
symptoms, physical examination findings, (European 
Society of Cardiology, 2016), echocardiographic 
findings, and N-terminal pro b-type natriuretic peptide 
levels (NT-proBNP). End stage renal disease (ESRD) 
patients have the estimated glomerular filtration rate 
(eGFR) lower than 15 mL/minute/1.73 m². Also 
the patients with chronic kidney disease (CKD) had 
the eGFR lower than 60 mL/minute/1.73 m² except 
ESRD patients. The HFrEF and HFmrEF patients 
were more than 18 years old and the ejection fraction 
in these patients was under 50%. Excluded from the 
study were patients with infections, acute or chronic 
inflammatory disease, high erythrocyte sedimentation 
rate or C-reactive protein (CRP), having or suspected 
malignancy, diabetes mellitus, or cerebrovascular 
accident. 

Blood serum samples were collected from each of the 
participants. Serum VEGF and sVEGFR-1 levels were 
determined by using Quantikine ELISA kits (R&D 
Systems, Minneapolis, MN, USA) and a Synergy HT 
plate reader (Bio-Tek Instruments Inc, Winooski, 
VT, USA). N-terminal pro b-type natriuretic peptide  
levels were detected in the plasma quantitatively by the 
magnetic immunochromatographic technique. The 
mean levels of serum VEGF and sVEGFR-1 of patients 
in the HFrEF and HFmrEF group and those in the 
control group were compared. 

Statistical analysis. Sample size has been calculated 
for the experimental design. Taking into account the 
summary statistics of our study variables, which shows 
the smallest difference between the control and patient 
groups; by considering the power of the test as 80% 
and the alpha as 5% the participant number must be 
included to the study has been calculated as 40. The 
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Statistical Package for Social Science (SPSS) for Windows 
Version 22.00 (SPSS Inc., Chicago, IL., USA) was used 
to conduct the statistical analyses. For the descriptive 
statistics, the discontinuous variables were median and 
interquartile range (IQR, 25% and 75%); continuous 
variables were the mean ± standard deviation or median 
(minimum, maximum) as appropriate. Normality of the 
data was evaluated with the Kolmogorov-Smirnov test. 
A Chi-square test was used for categorical values and a 
student’s t-test was used for continuous variables that 
were distributed normally. For continuous variables that 
were not distributed normally, the statistical analysis 
was performed by the Mann-Whitney U-test. P-value 
less than 0.05 was considered significant.

Results. The differences in serum VEGF and 
sVEGFR-1 levels between patients with HFrEF and 
HFmrEF and the control group were analyzed. The 
demographics and clinical characteristics of the study 
population together with the laboratory findings are 
presented in Table 1. Urea, creatinine, white blood cells, 

Table 1 - Comparison of demographic features and clinical laboratory results of the control group and 
HFrEF, HFmrEF group.

Demographic and laboratory 
features

Control
(n=50)

HF Patients
(n=54)

P-value

Age, year  71.44 ± 9.93    71.35 ± 9.87   0.964
Gender, F/M 23/27 25/29   0.976
BMI, kg/m²  28.65 ± 5.18    26.79 ± 5.22   0.072
Urea, mg/dL    38.8 ± 15.7    93.13 ± 52.1 <0.001
Creatinin, mg/dL    1.02 ± 0.34      2.47 ± 2.07 <0.001
GFR, mL/min/1.73 m2    69.06 ± 17.11     39.51±25.85 <0.001
AST, U/L  22.66 ± 9.27     31.12 ± 29.52   0.127
ALT, U/L    19.94 ± 12.64      20.83 ± 17.92   0.771
Hemoglobin, g/dL  12.67 ± 2.21    11.54 ± 2.19   0.010
Platelet, 10³/mm³)    269.9 ± 77.09      244.2 ± 129.8   0.220
White Blood Cell, /mm³    6558 ± 2425      9360 ± 3657 <0.001
Sedimentation, mm/h    21.22 ± 14.17      24.38 ± 14.93   0.274
CRP, mg/L      1.6 ± 1.14      1.89 ± 1.53   0.280
NT-proBNP, pg/mL    206.4 ± 184.3 11432.4 ± 9806 <0.001
EF, %  60.18 ± 5.23    35.13 ± 8.97 <0.001
LDL-C, mg/dL* 121 (53-183)    118 (56-215)   0.554
Triglyceride, mg/dL  142.86 ± 55.14     122.15 ± 44.01   0.036
HDL-C, mg/dL    46.44 ± 11.92 38.67 ± 7.54 <0.001
Total cholesterol, mg/dL* 201 (113-271) 181 (41-310)   0.017
sVEGFR-1, ng/mL    0.141 ± 0.120   0.185 ± 0.122   0.013
VEGF, ng/mL    0.317 ± 0.205   0.386 ± 0.314   0.186
Values were given as mean ± standard deviation. *Variables, which are not normally distributed, were 

given as interquartile range. ALT - alanine aminotransferase, AST - aspartate aminotransferase, 
BMI - body mass index, BNP - brain natriuretic peptide, CRP - C-reactive protein, EF - ejection 

fraction, GFR - glomerular filtration rate (estimated by CKD-EPI formula), HDL-C - high density 
lipoprotein cholesterol, HF patient -heart failure patient, LDL-C- low density lipoprotein cholesterol, 

NT-proBNP- N-terminal pro b-type natriuretic peptide, sVEGFR-1 - soluble vascular endothelial 
growth factor receptor-1, VEGF - vascular endothelial growth factor

NT-proBNP, sVEGFR-1 levels were significantly higher 
in patients with HFrEF and HFmrEF than the control 
group’s (p<0.005 for all). In addition, the glomerular 
filtration rate (GFR), ejection fraction (EF), and levels 
of hemoglobin, triglycerides, high-density lipoprotein 
(HDL-C), total cholesterol (TC) were significantly 
lower in HFrEF and HFmrEF patients than the control 
subjects (Table 1). 

Correlation analysis showed that sVEGFR-1 levels 
were significantly positively correlated with NT-proBNP 
levels in HFrEF and HFmrEF patients (Figure 1). Serum 
VEGF and urea levels were significantly negatively 
correlated in HFrEF and HFmrEF patients.

The average sVEGFR-1 level of HFrEF and 
HFmrEF patients with CKD was not detected to be 
significantly higher than patients without CKD. There 
were no significant results in the correlation analysis 
among sVEGFR-1, GFR, urea, creatinine levels in the 
HFrEF and HFmrEF patient group (Table 2). 

Also, significantly higher levels of sVEGFR-1 
were observed in HFrEF and HFmrEF patients with 
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beta-blocker therapy than in the HFrEF and HFmrEF 
patients without beta-blocker therapy. The mean VEGF 
level of HFrEF and HFmrEF patients using ACE 
inhibitor is significantly higher than the control group. 
Additionally, the mean sVEGFR-1 levels of HFrEF and 

Table 2 - The correlation of VEGF and sVEGFR-1 levels with clinical 
features which are found to be significantly different in HFrEF 
and HFmrEF group.

Clinical features VEGF sVEGFR-1
R P-value r P-value

EF 0.015 0.913 -0.059 0.673
NT-proBNP 0.044 0.676 0.211 0.044
VEGF 1 -0.207 0.134
sVEGFR-1 -0.207 0.134 1
White blood cell 0.110 0.430 -0.011 0.935
Hemoglobin 0.156 0.261 0.025 0.859
Urea -0.365 0.007 0.097 0.486
Creatinin -0.157 0.258 0.130 0.348
GFR 0.218 0.114 -0.228 0.098
Triglyceride -0.254 0.064 0.112 0.422
HDL 0.235 0.087 0.171 0.216
Total cholesterol -0.222 0.106 -0.054 0.699

EF - ejection fraction, NT-proBNP - N-terminal pro b-type natriuretic 
peptide, VEGF - vascular endothelial growth factor, sVEGFR-1- soluble 

vascular endothelial growth factor receptor-1, GFR - glomerular filtration 
rate, HDL - high density lipoprotein. 

Table 3 - Comparison of VEGF and sVEGFR-1 levels between HFrEF and HFmrEF group and control group.

Comorbidities and 
medications

N VEGF sVEGFR-1

 Mean ± SD P-value* P-value† Mean ± SD P-value* P-value†
Control 50 0.317 ± 0.20 0.140 ± 0.12
ESRD (-)
ESRD (+)

39
15

0.415 ± 0.31
0.310 ± 0.22 0.20 -

0.375
0.173 ± 0.11
0.217 ± 0.13 0.066 -

<0.001
CKD (-)
CKD (+)

36
18

0.371 ± 0.30
0.416 ± 0.34 0.62 -

0.396
0.182 ± 0.10
0.191 ± 0.15 0.707 -

0.003
CAD (-)
CAD (+)

32
22

0.387 ± 0.26
0.384 ± 0.38 0.39 -

0.802
0.162 ± 0.05
0.218 ± 0.17 0.895 -

<0.001
HT (-)
HT (+)

19
35

0.450 ± 0.36
0.351 ± 0.28 0.50 -

0.915
0.182 ± 0.12
0.186 ± 0.12 0.441 -

<0.001
AF (-)
AF (+)

44
10

0.403 ± 0.31
0.313 ± 0.30 0.31 -

0.526
0.189 ± 0.13
0.168 ± 0.05 0.902 -

0.003
COPD (-)
COPD (+)

45
9

0.406 ± 0.32
0.283 ± 0.23 0.31 -

0.534
0.194 ± 0.13
0.138 ± 0.04 0.301 -

0.041
ACE Inh (-)
ACE Inh (+)

45
9

0.349 ± 0.29
0.568 ± 0.35 0.06 -

0.041
0.196 ± 0.12
0.127 ± 0.04 0.065 -

0.050
ARB (-)
ARB (+)

49
5

0.375 ± 0.31
0.489 ± 0.26 0.27 -

0.208
0.181 ± 0.12
0.217 ± 0.09 0.156 -

0.008
Beta-blocker (-)
Beta-blocker (+)

34
20

0.416 ± 0.34
0.335 ± 0.25 0.58 -

0.907
0.167 ± 0.11
0.215 ± 0.12 0.015 -

<0.001
ACE inh - angiotensin converting enzyme inhibitor, AF - atrial fibrillation, ARB - angiotensin II receptor blocker, CAD - 
coronary artery disease, CKD - chronic kidney disease, COPD - chronic obstructive pulmonary disease, ESRD - end stage 

renal disease, HT - hypertension, sVEGFR-1 - soluble vascular endotelial growth factor receptor 1, VEGF - vascular endotelial 
growth factor,  *comparison of the accompanying diseases or medications used in HF group, †comparison of the accompanying 

diseases or medications used in HFrEF and HFmrEF patients with control group

HFmrEF patients with ESRD, CKD, CAD, HT, and 
AF are significantly higher than the control subjects. 
Also, the mean sVEGFR-1 levels of patients receiving 
beta-blocker and ARB are significantly higher than the 
control group (Table 3).

Figure 1 - Scatter plot of the positive correlation between NT-proBNP 
and sVEGFR-1 levels.
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patients using a beta-blocker is significantly higher than 
those who do not use a beta-blocker, which suggests that 
beta-blockers may significantly and negatively affect 
angiogenesis in patients with HFrEF and HFmrEF. 
The negative effects of carvedilol and propranolol on 
angiogenesis are known in the literature.19,20 In this 
study, our patients were especially on metoprolol 
treatment as a beta-blocker. In heart failure patients, 
this report regarding metoprolol, may demonstrate 
inhibiting angiogenesis via increasing sVEGFR-1 levels. 
This effect may be a negative effect of beta-blocker in 
HFrEF and HFmrEF patients. Further analyses are 
needed in this aspect.

N-terminal pro b-type natriuretic peptide, is an 
important molecule in diagnosing and excluding heart 
failure.21 It was found that there was a significant 
and positive correlation between NT-proBNP and 
sVEGFR-1 levels. Goetze et al22 found a significantly 
positive correlation between VEGF and BNP mRNA 
in an animal study. Kameda et al23 suggested that 
high sVEGFR-1 levels may be an effective biomarker 
to predict the progression of heart failure in patients 
with CAD. We speculate that an increasing level of 
sVEGFR-1 by an increasing level of NT-proBNP may 
be a physiological response to heart failure, designed 
to decrease angiogenesis in HFrEF and HFmrEF 
patients, unlike the previous literature. Nielsen et al24 
demonstrated that pro-BNP predicts mortality and 
morbidity in HF patients. Also according to literature, 
sVEGFR-1 is correlated with morbidity and mortality 
and is a potent marker of disease severity in septic or 
critically ill patients.15,16 These findings may suggest 
that sVEGFR-1 could predict mortality and morbidity 
indirectly; therefore, further participants including 
clinical studies are needed in this respect. Also, a positive 
correlation between sVEGFR-1 and EF in the HFrEF 
and HFmrEF group was not found. Additionally, 
the clinical course of sVEGFR-1 cannot be exactly 
evaluated by only considering the positive correlation 
of sVEGFR-1 and NT-proBNP. 

Pawlak et al25 found that urea and creatinine levels 
were independently associated with VEGF. There was a 
significant and negative correlation between VEGF and 
urea levels in HFrEF and HFmrEF patients contrary 
to the literature. We speculate that the increase of urea 
in HFrEF and HFmrEF patients may be one of the 
mechanisms of inhibition of angiogenesis in HFrEF 
and HFmrEF patients.

In summary, our study is limited to analysis of 
only one angiogenic molecule, VEGF and one anti-

Discussion.  This is the first study evaluating and 
demonstrating the importance of plasma VEGF and 
sVEGFR-1 levels in HFrEF and HFmrEF patients. 
Serum sVEGFR-1 levels were significantly higher in 
patients with HFrEF and HFmrEF than in the control 
group and no significant difference in the average levels 
of VEGF between the HFrEF group and the control 
group was detected. 

The pathophysiological role of VEGF was introduced 
in HF patients in previous studies.9-11 The importance 
of VEGF was shown previously in animal studies as a 
mediator for inducing new blood vessels with regard 
to cardiac remodeling.12  Patel et al13 showed that 
VEGF levels did not differ among varying degrees of 
LV systolic functions or did not correlate with levels of 
EF. In this study, VEGF levels were not found to be 
significantly higher in HFrEF and HFmrEF patients 
and no significant correlation was detected with 
echocardiographic findings in patients and control 
groups, which was compatible with previous studies. 

In 2010, Kaza et al6 demonstrated that up-regulation 
of the sVEGFR-1 in hypertrophied myocardium 
prevented capillary growth by inhibiting VEGF in rat 
models. Inhibition of sVEGFR-1 increased VEGF levels 
to stimulate angiogenesis and preserved contractility 
of cardiac muscles. This was an animal study and the 
data collected were used in literature for sVEGFR-1. 
It brings to mind that increasing sVEGFR-1 levels 
may be important in terms of angiogenesis and 
pathophysiology in HFrEF and HFmrEF patients. It 
was previously known that sVEGFR-1 is correlated 
with morbidity and mortality and is a potent marker of 
disease severity in septic or critically ill patients.14-16 We 
think that significantly higher levels of sVEGFR-1 in 
the patient group are not sufficient for us to speculate 
on the potency of the marker for disease severity. 

The CRP and the erythrocyte sedimentation rates 
of both of the groups were not significantly different. 
Due to these results, it is thought that the difference 
in sVEGFR-1 between the 2 groups could not be 
explained by an inflammatory state. 

Due to the results about the levels of sVEGFR-1 in 
CKD patients and the insignificant correlation analysis 
among sVEGFR-1, urea, creatinine and GFR, we 
believe that the level of sVEGFR-1 in the HFrEF and 
HFmrEF patient group was not affected by GFR.

Beta-blockers had lower mortality and morbidity in 
symptomatic HFrEF and HFmrEF, despite treatment 
with an ACEI and, in most cases, a diuretic.17,18 In our 
study, the level of sVEGFR-1 of HFrEF and HFmrEF 
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angiogenic molecule sVEGFR-1, which makes it 
difficult to evaluate the imbalance of angiogenic/
anti-angiogenic factors in patients with HFrEF and 
HFmrEF due to the other angiogenic factors have not 
been evaluated at the same time. However, we think 
that our study is significant and worthy due to the fact 
that it has not been studied before in literature as a 
clinical study. This study establishes an association but 
not exactly a cause-and-effect relationship. Finally, this 
study is based on a limited number of patients; thus it is 
not possible to ascertain whether these findings apply to 
other patients with HFrEF and HFmrEF. Accordingly, 
larger clinical studies will be necessary to confirm these 
findings.

Beta-blocker may have a negative effect on 
angiogenesis in HFrEF and HFmrEF patients via 
increasing sVEGFR-1 levels while Pro-BNP may 
contribute to inhibiting angiogenesis by increasing 
sVEGFR-1 levels and sVEGFR-1 may predict HFrEF 
and HFmrEF as a biomarker. Our study increases 
awareness about the role of sVEGFR-1 in HFrEF and 
HFmrEF patients and the need for future studies.
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