
Introduction  
Cardiorenal syndrome (CRS) is a special type of 

pathophysiological interaction between the heart 
and kidneys, in which acute or chronic dysfunction 
of one organ leads to acute or chronic dysfunction 
of another organ [1]. According to the accepted 
classification, renal dysfunction in patients with 
primary myocardial dysfunction, acute or chronic, is 
designated by the terms «acute kidney injury» and 
«chronic kidney disease», respectively [1]. Patients 
with chronic heart failure (CHF), as a rule, had type 
2 CRS, characterized by the progression of chronic 

kidney disease against the background of chronic 
myocardial dysfunction [2]. 

The development of structural and functional dis-
orders of internal organs, including the kidneys, is 
characteristic of stage III (dystrophic) according to 
the clinical classification of CHF from N.D. Strazhesko 
and V.Kh. Vasilenko [1]. Clearly, subclinical morpho-
logical and functional disorders of various internal 
organs are appearing at the earlier stages of CHF, 
which is caused by hypoperfusion of organs and 
tissues due to low ejection syndrome together with 
congestion. All this demands timely diagnosis of 
these preclinical processes for their correction and 
prevention of progression [3]. 
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To date, the CRS pathogenesis is considered as a 
complex of hemodynamic and neurohumoral mech-
anisms leading to a progressive deterioration in the 
functional capacity of both organs [3-5]. The search 
for optimal biomarkers for early diagnosis of CRS is 
currently ongoing [2]. 

Researchers are interested in galectin-3, a galectin 
class protein expressed by various cells of the body 
(lymphocytes, macrophages, neutrophils, osteoclasts, 
fibroblasts), involved in stimulating cell growth, dif-
ferentiation, activation of apoptosis, and playing an 
important role in inflammatory reactions, the devel-
opment of fibrosis and myocardial remodeling , liver 
and kidneys [3,6-8]. 

We noted that a stable increase in galectin-3 in 
patients with CHF was associated with an increased 
risk of adverse outcome [9-11]. The results of the 
long-term DEAL-HF study (DEventer-ALkmaar Heart 
Failure study), which lasted more than 8 years, 
showed an inverse relationship between galectin-3 
and glomerular filtration rate (GFR), regardless of 
the presence and severity of CHF [9], which allows 
us to consider galectin-3 not only as a cardiospecific 
marker of fibrosis, but also as a tool for assessing 
renal dysfunction in patients with CKD. 

The aim of this research is to study the role of 
galectin-3 in the formation of CRS in patients with 
CHF with varying degrees of systolic dysfunction. 

 
Material and methods 
Characteristics of patients 

The study included 69 patients (40 [58%] men 
and 29 [42%] women) with NYHA functional class 
II-IV CHF (FC), hospitalized at the University Clinical 
Hospital No. 4 (Sechenov University) with symptoms 
of CHF since November 2019 to March 2020. The 
diagnosis of CHF was confirmed using a compre-
hensive clinical and instrumental examination: anam-
nesis, physical examination data using the clinical 
assessment scale for CHF [1], echocardiography 
results and the NT-proBNP level > 125 ng/ml at ad-
mission. CHF was in all patients with a complication 
of coronary artery disease (CAD) and/or hypertension. 
All patients received standard CHF therapy according 
to clinical guidelines [1]. 

During the study, we followed the provisions of 
the Declaration of Helsinki and the principles of 

Good Clinical Practice. The study was approved by 
the Ethics Committee of the University. All patients 
signed an informed consent. 

Exclusion criteria: malignant neoplasms, including 
those diagnosed during the present hospitalization; 
acute coronary syndrome, acute cerebrovascular ac-
cident during the previous 6 months; type 1 diabetes 
mellitus; chronic kidney disease (CKD) requiring he-
modialysis; autoimmune or other inflammatory dis-
eases (gastrointestinal tract, bronchopulmonary sys-
tem, musculoskeletal system, etc.) in the acute phase. 

Patients included in the study didn't meet the 
criteria for «acute decompensated heart failure» 
(ADHF) [1]. The symptoms didn't require hospital-
ization and treatment in the intensive care unit, and 
therefore the increase in creatinine level detected in 
them and the corresponding decrease in GFR was 
regarded as a manifestation of type 2 CRS, and not 
as acute kidney injure. Laboratory and clinical data 
of 55 patients (79.7%) who had anamnestic indi-
cations of previously diagnosed CKD also didn't meet 
the criteria for the diagnosis of acute kidney injure 
[1]. 

 
Examination methods 

All patients underwent determination of the NT-
proBNP level using the enzyme immunoassay BI-
20852W Biomedica along with a standard general 
clinical examination - brain natriuretic propeptide 
(BNP-fragment, Austria), and blood serum galectin-
3 using enzyme-linked immunosorbent assay (Bender 
Med Systems, USA). Median values of the galectin-
3 level in groups of patients with different stages of 
CKD were calculated for a comparative assessment 
of the level of galectin-3 at different degrees of renal 
dysfunction [12]. Transthoracic echocardiography 
was performed according to the standard technique 
recommended by the American and European Society 
of Echocardiography using M- and B-modes using 
the Toshiba Xario system (Japan), with the determi-
nation of the thickness of the interventricular septum 
and the posterior wall of the left ventricle, the mass 
index of the left ventricular myocardium, end systolic 
and diastolic sizes and volumes of the left ventricle, 
left ventricular ejection fraction (LV EF), systolic pres-
sure in the pulmonary artery, etc. LV EF was determined 
by the Simpson method. 
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Patients included in the study were divided into 3 
groups depending on the ejection fraction (EF) of 
the left ventricle (LV): with preserved (HFpEF; LV 
EF>50%; n=23), mid-range (HFmrEF; LV EF 40-50 
%; n=26) and reduced LV EF (HFrEF; LV EF<40%; 
n=20). The stage of CKD was assessed based on 
the calculation of GFR using the CKD-EPI formula 
[10]. 

 
Statistical analysis  

The results of the study were processed using the 
Statistica 10.0 program (Statsoft Inc., USA). The 
arithmetic mean (M) and standard deviation (σ) 
were calculated by statistical processing of data for 
variables with a normal distribution; median (Me) 
and interquartile range [25%;75%] were calculated 
for variables with non-normal distribution. Statistical 
significance of differences was assessed using Student's 
t-test (p [t] for normal distribution) and Mann-Whit-
ney's test (p [U] for variables with non-normal dis-
tribution). Pearson's χ2 test was used when comparing 
frequency indicators to assess the significance of dif-
ferences. Pearson's correlation coefficient (r for normal 
distribution) and Spearman's rank correlation coef-
ficient (ρ for non-normal distribution) were used to 
identify and evaluate the relationships between the 
studied indicators. ROC-analysis with the definition 

of threshold values for the studied markers was 
carried out in order to assess the sensitivity and 
specificity of changes in the level of markers.  

 
Results 

The clinical characteristics of the patients included 
in the study are presented in Table 1. 

All patients had clinical manifestations of severe 
CHF, corresponding mainly to FC III-IV (7-9.5 points 
according to the clinical assessment scale). At the 
same time, the groups of patients with HFpEF, HFmrEF 
and HFrEF were comparable in terms of the studied 
clinical and demographic parameters, but high levels 
of GFR were noted significantly more in the HFpEF 
group when compared with the HFmrEF and HFrEF 
groups. 

Median values of the galectin-3 level in groups of 
patients with different stages of CKD were calculated 
for its comparative assessment at different severity 
of renal dysfunction (Fig. 1): CKDc2 
(GFR≥60ml/min/1.73m2; n=35), CKDc3a 
(GFR=45-59 ml/min/1.73m2; n=17), CKDc3b 
(GFR=30-44 ml/min/1.73m2; n=14) and CKDc4 
(GFR=15-29 ml/min/1.73m2; n=5). We found a 
significant increase in the concentration of galectin-
3 in the blood serum with a decrease in GFR up to 
CKDc3b (Fig. 2) in the absence of significant differ-

Parameter                                                                HFpEF                                 HFmrEF                                                                            HFrEF  
                                                                                   (n=23)                                (n=26)                                 p                                         (n=20)                                       p 
Age, years                                                                        78 [66;84,5]                            73,5 [71;79]                            0,21*                                        73 [59;79]                                      0,16* 
                                                                                                                                                                                                                                                                                                                   0,82† 
Men, n (%)                                                                        12 (52,2)                                  16 (61,5)                              0,508*                                       12 (60,0)                                      0,606* 
                                                                                                                                                                                                                                                                                                                  0,916† 
Clinical assessment scale, points                                      7 [3;8]                                     9,5 [7;10]                               0,15*                                          9 [8;10]                                         0,39* 
                                                                                                                                                                                                                                                                                                                   0,23† 
BMI, kg/m2                                                                       28 [25;33]                                27 [25;32]                              0,93*                                        26 [24;28]                                      0,12* 
                                                                                                                                                                                                                                                                                                                   0,82† 
LV EF, %                                                                             60 [55;62]                                43 [40;47]                           <0,001*                                     33 [30;36]                                   <0,001* 
                                                                                                                                                                                                                                                                                                                <0,001† 
GFR, ml/min/1.73m2                                                    76 [62;88]                               56 [41;84]                              0,46*                                        48 [30;64]                                      0,06* 
                                                                                                                                                                                                                                                                                                                   0,36† 
3-4 stages of CKD, n (%)                                                8 (34,8)                                   12 (46,2)                              0,419*                                       15 (75,0)                                      0,008* 
                                                                                                                                                                                                                                                                                                                  0,048† 
Data are presented as Me [25%; 75%] unless otherwise stated 

* - compared with the HFrEF group, † - compared with the HFmrEF group 

HFpEF – heart failure with preserved ejection fraction, HFmrEF – heart failure with medium ejection fraction, HFrEF – heart failure with reduced ejection fraction,  
BMI – body mass index, LV EF – left ventricular ejection fraction, GFR – glomerular filtration rate, CKD – chronic kidney disease 

Table 1. Clinical characteristics of the examined groups



ences in the galectin-3 level in patients with varying 
degrees of left ventricular systolic dysfunction (Table 
2). 

A significant negative correlation between the 
galectin-3 level and GFR was found both for all 
patients with CHF and in the subgroups of HFrEF 
and HFpEF, but not HFmrEF (Table 3). 

ROC analysis was performed to assess the threshold 
values of galectin-3 that increase the risk of having 
stage 3-4 CKD, as well as to calculate the sensitivity 
and specificity of this marker. When analyzing the 
predictive value of galectin-3 and the ROC curve, 
we found that the galectin-3 level >10.3 ng/ml 
with a sensitivity of 60% and a specificity of 75% 
increases the risk of a decrease in GFR<60 
ml/min/1.73m2 in patients with CHF. AUC=0.753 
(St 0.057) (Fig. 3). 

 
Discussion 

To date, the physiological and pathophysiological 
effects of galectin-3 have been well studied and de-
scribed, including in patients with CHF. But the in-
consistency of the results of randomized clinical 
studies, such as CARE-HF (Cardiac Resynchronization 
in Heart Failure), CORONA (Controlled Rosuvastatin 
MultiNAtional Trial in Heart Failure) [6, 11], as well 
as smaller studies [12-18] aimed at studying diagnostic 

and prognostic value of galectin-3, still doesn't allow 
to reliably determine the indications for the use of 
this marker in clinical practice [19]. Also, the reference 
values of galectin-3 for healthy individuals have not 
yet been determined, and there are no unambiguous 
data to judge the degree of its increase in patients 
with CHF. 

The lack of consensus among scientists regarding 
the threshold values of galectin-3 tells us about the 
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Figure 1. Galectin-3 levels in chronic heart failure patients with different stages of chronic kidney disease
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filtration rate value in patients with heart failure 
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need for further studies in this direction. In our work, 
the values of galectin-3 were somewhat lower com-
pared to the results of other authors [12-15,18], 
but significantly higher values were noted in patients 
with stage 3-4 CKD, which is consistent with the 
results of previous studies and confirms representa-
tiveness of our group of patients with CHF and the 
significance of the results obtained. 

It's widely known that hypertension and coronary 
artery disease as the main causes of CHF make a sig-
nificant contribution to the development of CKD. 
Diffuse hemodynamic disorders mediated by hyalinosis 
and sclerosis of the coronary and renal arteries, as 
well as humoral regulatory factors, including many 
biologically active substances, including galectin-3, 
lead to the formation of cardiorenal syndrome and 
progression of the cardio-renal continuum [9, 11, 
13, 20]. At the same time, most researchers explain 
the relationship between elevated levels of galectin-
3 and renal dysfunction precisely by the development 
of renal fibrosis in patients with CHF, and not by a 
decrease in the renal clearance of galectin-3 [3, 12, 
17, 20]. 

In our study, we drew attention to an upward 
trend in galectin-3 levels in patients with higher 
stages of CKD, traceable up to CKDc3b (Fig. 1). Pa-
tients with CKDc4 observed a slight decrease in the 
galectin-3 level compared with CKDc3b and CKDc3a, 
which may be due to the small sample size (n=5). 

The finding of a significant negative correlation 
between galectin-3 levels and GFR in patients with 
HFrEF and HFpEF is consistent with similar data from 
earlier animal studies and some studies and meta-
analyses that showed a negative correlation between 
galectin-3 expression and serum creatinine levels in 
patients with kidney disease [21, 22]. This fact con-
firms the important role of galectin-3 in the process 
of fibrosis, which accompanies the early stages of 
CKD formation. But we didn't find threshold values 
for the galectin-3 level in patients with CHF and 
CKD in the literature available to us. 

According to the results of the ROC analysis per-
formed in our study, the galectin-3 level of >10.3 
ng/ml with a sensitivity of 60% and a specificity of 
75% indicates a high risk of stage 3-4 CKD and can 
be considered as an indicator of the development of 
cardiorenal syndrome in patients with CHF. 

GFR, ml/min/1.73 m2 in patients with CHF               Galectin-3 level 
HFpEF                                                                                                      ρ=-0.319; p=0.044 

HFmrEF                                                                                                    ρ=0.039; p=0.200 

HFrEF                                                                                                         ρ=-0.66; p=0.039 

CHF – chronic heart failure, HFpEF – heart failure with preserved ejection fraction,  
HFmrEF – heart failure with medium ejection fraction, HFrEF – heart failure with  
reduced ejection fraction, ρ – Spearman's correlation coefficient

Table 3. Correlation between the level of galectin-3 and 
glomerular filtration rate in patients with chronic 
heart failure with varying degrees of left  
ventricular systolic dysfunction

Parameter               CKDc2 (n=35)             CKDc3а (n=16)                p                      CKDc3b (n=14)                       p                    CKDc4 (n=5)                            p 
LV EF, %                               47,3±11,0                           40,5±10,0                     0,07*                           44,8±11,0                             0,76*                       43,2±8,5                                0,34* 
                                                                                                                                                                                                                                   0,32†                                                                           0,61† 
                                                                                                                                                                                                                                                                                                                        0,79‡ 

LV EF – left ventricular ejection fraction, GFR – glomerular filtration rate, CKD – chronic kidney disease 

* - compared with CKDc2, † - compared with CKDc3а, ‡ - compared with CKDc3b 

Table 2. Indicators of left ventricular ejection fraction in patients with different stages of chronic kidney disease

0.8

0.6

0.4

0.2

0.0

Specificity

Reference line Indicator of galectin-3 level

0.2 0.4 0.6 0.8 1.00.0

1.0

Se
ns

iti
vi

ty

Figure 3. ROC analysis for the absolute value of galectin-3 
associated with an increased risk of glomerular 
filtration rate reduction <60 ml/min/1.73 m2  
in patients with chronic heart failure
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The obtained results reflect the diagnostic value 
of this biomarker of fibrosis in patients with CHF, but 
the fact that galectin-3 is a marker of fibrosis not 
only of the myocardium, but also of other organs, 
primarily the kidneys, requires an assessment of co-
morbid conditions [23]. And the determination of 
the galectin-3 level in the blood serum of patients 
with CHF allows us to indirectly clarify the degree of 
activity of fibrotic processes both in the myocardium, 
including in the early stages of the formation of the 
disease, with still preserved LV EF, and in the renal 
parenchyma, as well as to assess the risk development 
of CKD in them, which is an additional factor of 
poor prognosis in CHF [1].  

According to the results of the observations of F.J. 
Carrasco-Sanchez et al, predicting poor prognosis in 
patients with acute heart failure and preserved EF 
along with age, NYHA FC, anemia and diabetes mel-
litus, elevated brain natriuretic peptide levels, decreased 
GFR and hyponatremia, was an increase in the 
galectin-3 level >13 .8 ng/ml (odds ratio was 1.43, 
95% confidence interval was 1.07-1.91; p=0.015) 
[24]. And in the CARE-HF study, plasma galectin-3 
levels >30 ng/ml were found to be prognostically 
unfavorable and associated with a high risk of end-
points (death and hospitalization due to CHF) in pa-
tients with CHF (NYHA class III-IV) with signs LV 
systolic dysfunction [6]. 

Galectin-3 values reached such high values only 
in two of our patients. These were elderly women 
with an ischemic nature of CHF with clinical and ra-

diographic signs of pneumonia, with a decrease in 
GFR<45 ml/min/1.73 m2. The maximum value of 
galectin-3 (60 ng/ml) was observed in a 69-year-
old patient with an LV EF of 34% and clinical mani-
festations of severe «congestive» stage III CHF (in 
the form of anasarca, ascites and bilateral hydrotho-
rax), NYHA IV FC, which developed as a result of 
myocardial infarction and permanent form of atrial 
fibrillation against the background of long-term 
poorly controlled hypertension; the patient also  
suffered from grade 1 obesity and mild anemia,  
she had a decrease in GFR (CKD-EPI) to  
33 ml/min/1.73 m2, consistent with CKDc3b. 

 
Conclusion 

Our study showed that an increase in the con-
centration of serum galectin-3 in patients with CHF 
is largely determined not by a violation of the left 
ventricle systolic function, but by a decrease in the 
glomerular filtration rate. At the same time, the 
achievement of a threshold value of serum galetin-3 
of 10.3 ng/ml can be considered as an indicator of 
the development of cardiorenal syndrome in patients 
with CHF, which significantly worsens the further 
course of the disease and increases the risk of adverse 
outcomes. 
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