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A b s t r a c t

Introduction: Acute heart failure (AHF) is a heterogeneous and etiologically 
complex syndrome with a poor prognosis. sαKlotho (sαKL) is an antiaging 
protein with pleiotropic actions. The aim of this study was to assess the level 
and kinetics of sαKl during an episode of AHF and its long-term prognostic 
utility in a population of AHF patients.
Material and methods: It was a  prospective multicenter study, which en-
rolled 133 participants. 112 consecutive patients were admitted to the in-
tensive cardiac care unit with a diagnosis of AHF (age 68 [IQR: 60–75] years, 
ejection fraction 30% [IQR: 20–38], new-onset AHF 46% of the population). 
Twenty-one individuals formed the control group. sαKl, N-terminal pro- 
B-type natriuretic peptide (NT-proBNP) were determined in serum at ad-
mission and at discharge. The main clinical outcomes assessed in the study 
were 3-year all-cause mortality or HF rehospitalization.
Results: sαKl concentration significantly increased during episodes of AHF. 
A  weak negative correlation was observed between sαKl and NT-proBNP 
at admission and discharge. Only patients with ischemic etiology of AHF 
did not have considerably elevated sαKl values at admission. Women and 
men had similar biomarker values. Smoking did not affect sαKl in our study. 
Patients who developed the combined endpoint during 3-year follow-up 
showed a  smaller increase in sαKl values on admission compared to the 
control group (p = 0.169) and weaker biomarker kinetics during hospitaliza-
tion as compared with the group free of adverse outcomes (p = 0.01).
Conclusions: sαKl level is upregulated during an acute episode of HF and 
may serve as a  useful biomarker. A  weak reduction in sαKl levels during 
treatment may serve as an indicator of poor long-term prognosis.

Key words: prognosis, cardioprotection, biomarker, acute heart failure, 
α-klotho.

Introduction

Heart failure (HF) is a heterogeneous and etiologically complex syn-
drome [1]. Patients with HF often present with neuroendocrine and in-
flammatory activation, oxidative stress, ischemia, as well as congestion 
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and hypoperfusion, which lead to multiorgan dys-
function [2, 3]. Despite major advances in diagno-
sis and therapy, HF is still associated with unac-
ceptably high morbidity and mortality rates across 
the world, especially in the acute setting. While 
the gold standard biomarkers in management of 
HF are natriuretic peptides, several studies have 
shown the pathophysiological significance of nu-
merous molecules involved in myocardial dysfunc-
tion, such as cancer antigen-125 (Ca-125), adre-
nomedullin (ADM), and fibroblast growth factor 23  
(FGF-23) [4].

In 1997, Japanese scientists identified the 
Klotho gene associated with aging phenotypes 
[5]. Since then, there has been interest in the 
Klotho gene and its correlation with lifespan and 
also with neurodegenerative disorders, metabol-
ic conditions, cardiovascular damage, and heart 
dysfunction. The Klotho gene is expressed at par-
ticularly high levels in the kidney and brain and 
encodes the Klotho protein. Interestingly, this 
molecule was reported to have antitumor activi-
ty [6]. The main isotype of the Klotho protein is 
called α-Klotho. There are two forms of α-Klotho: 
a single-pass transmembrane glycoprotein, which 
works as a  coreceptor for FGF-23, and secreted 
α-Klotho protein. The transmembrane type is 
cleaved by proteases and generates the so-called 
shed α-Klotho. Both secreted and shed forms be-
long to soluble α-Klotho proteins (sαKl) and are 
released into the blood, urine, and cerebrospinal 
fluid [7–9]. 

sαKl are pleiotropic proteins with endocrine, 
autocrine, and paracrine activation. In humans, 
the secreted form of sαKl predominates over the 
membrane form in serum [7]. However, in dis-
eased heart cells, sαKl protein is upregulated and 
is derived from cleavage of the membrane form 
[8]. Several studies have documented that sαKl 
regulates mineral metabolism and inflammation 
and has antioxidative, antiapoptotic, and antifi-
brotic activity [10–13]. An experimental study in 
a rat model revealed increased compensative sαKl 
production during ischemia/reperfusion injury in 
cardiac cells as well as the release of sαKl protein 
into the extracellular space. Thus, sαKl can proba-
bly serve as a useful marker of cell injury [14]. 

It is known that oxidative stress activates ma-
trix metalloproteinases (MMPs) responsible for 
the degradation of contractile proteins in car-
diomyocytes [15]. Additionally, the ARIC study 
indicated a  link between increased plasma MMP 
levels and a higher risk of incident HF and arrhyth-
mia [16]. By inhibiting MMPs, sα-Klotho can thus 
act as a  cardioprotective agent [15]. It was also 
suggested that sαKl might be a novel predictor of 
response to treatment in the HF population [17]. 
Although a cross-sectional study showed that se-

Figure 1. Flowchart of 3-year follow-up in the study 
group

AHF – acute heart failure, HF – heart failure, CV – cardio- 
vascular.

rum sαKl levels were negatively associated with 
chronic HF, little is known about the role of sαKl 
in patients with an acute episode of HF [18]. Con-
sidering its pleiotropic action, sαKl might prove to 
be a valuable biomarker in the setting of acute HF 
(AHF). 

Thus, the aim of the current study was to as-
sess the level and kinetics of serum sαKl during an 
episode of AHF and to establish the utility of sαKl 
in predicting long-term prognosis.

Material and methods

Study design

A total of 133 participants were enrolled in this 
study. The final sample included 112 consecutive 
patients admitted to the intensive cardiac care 
unit between June 2019 and January 2021. The 
follow-up lasted 3 years (Figure 1). All patients 
received guideline-guided therapy of AHF at the 
discretion of the attending cardiologist [1]. The in-
clusion criteria were age over 18 years and hospi-
talization for an episode of AHF diagnosed within 
24 h of admission and requiring the use of at least 
one of the following: intravenous diuretics, cate-
cholamines, or mechanical circulatory support. 
Patients with active malignancy, autoimmune dis-
ease, and psychiatric disorders were excluded.

The control group did not differ significantly 
from the study group in terms of age and sex. It 
included 21 individuals (mean [SD] age, 69 [17] 
years; 11 women and 10 men) without present 

Acute Heart Failure Group  
(N = 112)

Discharge home  
N = 103/112 (92%) 

CV Re-hospitalization 
N = 27/103 (26%) 

Death or  
Re-hospitalization 

due to HF N = 58/112 
(52%) 

Re-hospitalization 
due to HF N = 14/103 

(13.6%)

Death after discharge 
N = 38/103 (37%)

Death during 
hospitalization  
N = 9/112 (8%) 

Control group  
(N = 21)

Study group (N = 133)
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or past acute coronary syndrome, myocardial 
infarction, percutaneous coronary intervention, 
coronary artery bypass grafting, acute or chronic 
HF, acute kidney injury or chronic kidney disease. 
Median left ventricular ejection fraction was 65% 
(IQR: 60–65%). The blood samples were provided 
by the Biobank of Łukasiewicz Research Network 
– PORT Polish Centre for Technology Development.

The main clinical outcomes assessed in the 
study were 3-year all-cause mortality and rehos-
pitalization due to HF.

Biochemical analysis

Blood samples (EDTA and clot samples) were 
collected during the first 24 h from admission to 
the hospital and then at discharge. Each EDTA 
sample was immediately centrifuged at 4000 
RPM for 15 min to obtain plasma. The samples 
were then frozen at –80°C until analysis. Plasma 
sαKl levels were measured in duplicate, using an 
enzyme-linked immunosorbent assay (Human 
soluble α-Klotho ELISA, Immuno-Biological Lab-
oratories, Inc., Minneapolis, Minnesota, United 
States). The serum levels of N-terminal pro-B-type 
natriuretic peptide (NT-proBNP) and high-sensi-
tivity cardiac troponin T (hs-cTnT) were measured 
quantitatively using an automated sandwich 
electrochemiluminescence immunoassay (Roche 
Diagnostics GmbH, Mannheim, Germany). For 
NT-proBNP, levels above 300 pg/ml were consid-
ered significantly elevated and for hs-cTnT, the 
level of 0.014 ng/ml was established as the up-
per limit of normal. Other biochemical parameters 
were obtained from the hospital laboratory and 
the Biobank database.

Statistical analysis

Data were presented as either mean ± standard 
deviation (SD), median and interquartile range 
(IQR), or count and percentages. The type of dis-
tribution was verified using the Shapiro-Wilk test. 
Differences between groups were compared using 
the Student t-test for normally distributed vari-
ables and the Mann-Whitney U-test for non-nor-
mally distributed variables. The pairwise test was 
used to compare two parameters within a single 
group. The results were expressed graphically as 
box plots. A p-value of less than 0.05 was consid-
ered significant. All analyses were conducted us-
ing the R software v. 4.2.2 (The R Foundation for 
Statistical Computing, Vienna, Austria).

Results 

General characteristics

The demographic and clinical characteristics 
of patients with AHF are presented in Table I. The 

Table I. Clinical characteristics of acute heart fail-
ure patient group

Variables All patients  
(n = 112)

Demographic data

Age [years] mean (SD) 65 (14.6)

Male, n (%) 77 (74)

Total hospital stay [days] median (IQR) 15.5 (10–25)

BMI [kg/m2] mean (SD) 29.8 (6.7)

Smoking, n (%) 41 (39)

“New onset” AHF, n (%) 52 (46)

Ischemic etiology, n (%) 51 (45)

Past medical history, n (%)

Hypertension 72 (69)

Myocardial infarction 37 (33)

Diabetes 39 (38)

Chronic kidney disease 29 (28)

Atrial fibrillation 48 (46)

Stroke 8 (7)

History of CABG, PCI 44 (39)

Pacemaker 16 (14)

ICD, CRTD 26 (23)

Hospitalization data, n (%)

Cardiogenic shock 8 (7)

Cardiac arrest 8 (7)

Acute renal failure 9 (8)

Coronarography 69 (61.6)

Percutaneous coronary intervention 23 (26.7)

Coronary artery bypass graft 6 (5.4)

Mechanical cardiac support 6 (6)

Respirator therapy 4 (6.6)

Laboratory and echocardiographic parameters

sαKlotho admission [pg/ml]  
median (IQR)

670 
(502–851)

sαKlotho discharge [pg/ml]  
median (IQR)

542 
(404–735)

hs-CRP admission [mg/l] median (IQR) 11 (4–30)

hs-CRP last [mg/l] median (IQR) 8 (3–26)

NT-proBNP admission [pg/ml] median 
(IQR)

5415 (3257–
13235)

NT-proBNP discharge [pg/ml] median 
(IQR)

1944 
(920–4960)

hs-cTNT admission [ng/l] median (IQR) 59 (28–150)

hs-cTNT last [ng/l] median (IQR) 63 (33–307)

LVEF on admission (%) median (IQR) 29.5 (20–38)

LVEDd on admission [mm] median (IQR) 60 (54–65)

LVESd on admission [mm] median (IQR) 51 (42–59)

TAPSE on admission [mm] median (IQR) 17 (14–20)

 IVC on admission [mm] median (IQR) 22 (17–25)

BMI – body mass index, hs-CRP – high-sensitivity C-reactive 
protein, hs – cTNT – high-sensitivity cardiac troponin T, IVC – in- 
ferior vena cava, LVEDd – left ventricle end-diastolic dimension, 
LVEF – left ventricle ejection fraction, NT-pro BNP – N-terminal 
prohormone of brain natriuretic peptide, TAPSE – tricuspid annular 
plane systolic excursion, CRTD – cardiac resynchronization therapy 
with defibrillator.
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group included 112 patients admitted to the in-
tensive cardiac care with AHF. 

The mean (SD) age of patients was 65 (14.6) 
years; most patients were male. New-onset AHF 
was reported for 46% of the population. All pa-
tients suffered from multimorbidity and demon-
strated significant HF with a median left ventricu-
lar ejection fraction of 30% (IQR: 20–38%). Nearly 
half of the population had a history of coronary 
artery disease. Patients in a critical condition were 
treated with catecholamines or using mechanical 
cardiac support. 

Changes in biomarkers in the study group 

In the whole study group, the median level of 
sαKl on admission was 670 pg/ml (IQR: 502–851 
pg/ml). During hospitalization, sαKl levels de-
creased significantly to reach 542 pg/ml (IQR: 
404–735 pg/ml) at discharge (p < 0.001). On ad-
mission, patients also presented with increased 
levels of NT-proBNP, hs-cTnT, and high-sensitivity 
C-reactive protein (hs-CRP). Changes in the levels 
of these biomarkers are presented in Table I. 

The levels of sαKl protein were similar between 
women and men on admission and at discharge 
(p = 0.39 and p = 0.89 respectively). In both sexes, 
a significant reduction in sαKl levels was noted be-
tween admission and discharge: from 724 pg/ml 
(IQR: 535–892 pg/ml) to 519 pg/ml (IQR: 453–640 
pg/ml) in women (p = 0.002) and from 660 pg/ml 
(IQR: 501–836 pg/ml) to 550 pg/ml (IQR: 400–836 
pg/ml) in men (p < 0.001). On admission, serum 
sαKl levels in women and men were significantly 
higher in the study group vs. the control group (p = 
0.049 and p = 0.03 respectively); Figure 2.

In patients with the new-onset AHF, as well as 
with acute decompensated HF, serum sαKl levels 
on admission were significantly higher than at 

discharge, 713 pg/ml (IQR: 525–886 pg/ml) vs. 
517 pg/ml (IQR: 403–667 pg/ml), p < 0.001 and 
634 pg/ml (IQR: 502–836 pg/ml) vs. 573 pg/ml 
(IQR: 406–784 pg/ml), p = 0.002. Of note, sαKl 
values on admission and discharge in both groups 
did not differ considerably (p = 0.45 and p = 0.31 
respectively). There were significant differences in 
sαKl levels at admission in both groups compared 
with the control group (p = 0.006 and p = 0.02 
respectively); Figure 2.

In patients with AHF of ischemic etiology, sαKl 
levels decreased significantly between admission 
and discharge, 614 pg/ml (IQR: 461–810 pg/ml) 
vs. 484 pg/ml (IQR: 391–725 pg/ml), p < 0.001. 
Similarly, in the nonischemic subgroup, there was 
a significant reduction in sαKl levels between ad-
mission and discharge, 711 pg/ml (IQR: 556–895 
pg/ml) vs. 552 pg/ml (IQR: 437–736 pg/ml), p < 
0.001. A comparison of admission and discharge 
sαKl levels between ischemic and nonischemic 
etiology revealed that there were no differences 
(p = 0.07 and p = 0.26, respectively). In the non-
ischemic group, on admission, we observed sig-
nificantly increased sαKl levels as compared with 
the control group (p = 0.001); Figure 2.

In the study group, 39% were smokers. sαK-
lotho values in the groups of smokers and non- 
smokers did not differ on admission and at dis-
charge (p = 0.64 and p = 0.49, respectively). In 
both groups, sαKlotho values dropped markedly 
between admission and hospital discharge: from 
677 pg/ml (IQR: 475–892 pg/ml) to 573 pg/ml 
(IQR: 402–831 pg/ml), p = 0.007, in the smoker 
group and from 664 pg/ml (IQR: 525–837 pg/ml) 
to 515 pg/ml (IQR: 410–711pg/ml), p < 0.001, in 
non-smokers. In both groups, significantly high-
er sαKlotho values were observed on admission 
compared to the control group (p = 0.049 and p = 
0.003, respectively); Figure 2.

	 All AHF 	 “New onset”	 ADHF	 Ischemic	Nonischemic	 Non-	 Smokers	 Death	 Event-	 Women	 Men
	 group 	 AHF	 (n = 60)	 etiology	 etiology	 smokers	 (n = 47)	 or HF	 free	 (n = 28)	 (n = 84)
	 (n = 112)	 (n = 52)	  	 (n = 51)	 (n = 61)  	 (n = 65)  	  	 re-hospi-	 group
								        talization	 (n = 54)   
								        (n = 58)    	    

 Admission           Discharge           Control group 
Figure 2. Comparison of sαKlotho concentration in serum by subgroups with control group at admission and 
discharge

ADHF – acute decompensated heart failure, AHF – acute heart failure, HF – heart failure, saKlotho – soluble a Klotho; NS – not 
significant; *p < 0.05. Control group (n = 21). The median level of saK1 522 pg ml (IQR: 408–624 pg ml). (1) Control group for 
women (n = 11). The median level of saK1540 pg/ml (IQR: 428–636 pg/ml). (2) Control group for men (n = 10). The median level 
of saK1493 pg/ml (IQR: 379–550 pg/ml).
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Table II. Selected parameters of AHF patients, stratified according to 3-year all-cause mortality or heart failure 
rehospitalization

Variables Event free
N = 54

Death or heart failure 
rehospitalization

N = 58

P-value

Age [years] mean (SD) 61 (18) 70 (8.9) 0.016

Male, n (%) 36 (67%) 48 (83%) 0.049

BMI, mean (SD) 32 (7) 28 (5.3) 0.004

“New onset” AHF, n (%) 33 (61%) 19 (33%) 0.005

Ischemic etiology, n (%) 17 (32%) 34 (59%) 0.004

Diabetes, n (%) 17 (32%) 25 (43%) 0.283

CKD, n (%) 10 (18.5%) 21 (36%) 0.037

sα-Klotho 

 Admission [pg/ml] median (IQR) 765 (594–880) 614 (459–746) 0.003

 Discharge [pg/ml] median (IQR) 553 (453–784) 490 (391–719) 0.162

NT-proBNP 

 Admission [ng/l] median (IQR) 4318 (2836–8873) 7162 (3391–17108) 0.041

 Discharge [ng/l] median (IQR) 1451 (818–2963) 3222 (1220–8360) 0.011

Associations between sαKl levels and 
cardiovascular outcomes in patients with 
AHF

Nine (8%) patients died during hospitalization, 
and 103 (92%) patients were discharged from 
the hospital. During the 3-year follow-up, 27 of 
the 103 (26%) patients were hospitalized due to 
cardiovascular events, including 14 rehospitaliza-
tions (13.6%) due to HF. Death was reported for 
38 (37%) patients. Thus, the combined endpoint – 
all-cause mortality or rehospitalizations due to HF 
– was reached in 58 (52%) patients. The patient 
flowchart is presented in Figure 1. 

Patients who developed the combined end-
point during follow-up were older, more often 
had acute decompensated HF phenotype, HF of 
ischemic etiology, chronic kidney disease and di-
abetes. They also had higher concentrations of 
hs-cTnT and NT-proBNP; Table II. In this subgroup, 
sαKl levels decreased significantly from admis-
sion to discharge, 614 pg/ml (IQR: 459–746 pg/
ml) vs. 490 pg/ml (IQR: 391–719 pg/ml), p = 0.04; 
Figure 3 A. 

The subgroup that was free from cardiovascu-
lar events during follow-up showed significantly 
higher sαKl levels on admission as compared with 
the group with adverse outcomes (p = 0.003), Ta-
ble II, as well as with the control group (p < 0.001), 
Figure 2. Additionally, these patients showed 
a strong reduction in sαKl levels during hospital-
ization, 765 pg/ml (IQR: 594–880 pg/ml) vs. 553 
pg/ml (IQR: 453–784 pg/ml), p < 0.001, Figure 3 A.  
Both groups differed significantly in percentage 
sαKl reduction between admission and discharge 
(p = 0.01); Figure 3 B. 

sαKl in the control group 

In healthy individuals, serum sαKl levels de-
crease physiologically because of the aging process 
[19]. The median level of sαKl protein in the control 
group was 522 pg/ml (IQR: 408–624 pg/ml).

Correlations between sαKl levels and other 
biomarkers

On admission, sα-Kl levels showed a weak neg-
ative correlation with the levels of NT-pro BNP (r = 
–0.21, p = 0.03) and hs-CRP (r = –0.26, p = 0.006). 
No significant correlation with hs-cTnT was found 
(r = –0.14, p = 0.13). At discharge, sαKl showed 
a weak negative correlation with NT-pro BNP and 
hs-CRP (r = –0.33, p = 0.002 and r = –0.32, p = 
0.002, respectively).

Discussion

Our study showed that in critical conditions 
such as AHF, sαKl levels increase irrespective of 
sex, HF etiology, or HF phenotype. Serum levels 
of sαKl protein are dynamic and decrease during 
optimal treatment of AHF. Moreover, the study 
showed a negative association between sαKl lev-
els and 3-year risk of all-cause mortality or HF re-
hospitalization. 

sαKl is a protein with anti-inflammatory action, 
reducing oxidative stress and fibrosis caused by 
the activity of the renin-angiotensin-aldosterone 
system [7, 9, 19]. Experimental data from a mouse 
model suggested cardioprotection with antifibrot-
ic and antihypertrophic action [20]. It is known 
that sαKl levels decrease with age; therefore, the 
serum biomarker concentration may indicate the 
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Variables Event free
N = 54

Death or heart failure 
rehospitalization

N = 58

P-value

hs-cTNT 

 Admission [ng/l] median (IQR) 37 (24–130) 68 (33–206) 0.042

 Last [ng/l] median (IQR) 43 (26–191) 95 (42–314) 0.063

hs-CRP 

 Admission [mg/l] median (IQR) 10 (4–24) 11 (4.5–33) 0.399

 Last [mg/l] median (IQR) 5.6 (2.4–21) 10 (4.4–30) 0.030

Hemoglobin 

 Admission [g/dl] median (IQR) 14 (12–16) 12 (11–14) 0.004

 Last [g/dl] median (IQR) 13.7 (12–15.6) 12 (10.5–14) 0.004

Urea 

 Admission [mg/dl] median (IQR)   38 (31.4–51.5) 56 (41.4–84) < 0.001

 Last [mg/dl] median (IQR) 45 (34–53) 63 (43–91) < 0.001

Creatinine 

 Admission [mg/dl] median (IQR) 1.1 (0.97–1.26) 1.3 (1.04–1.70) 0.021

 Last [mg/dl] median (IQR)              1.1 (0.99–1.3) 1.2 (0.93–1.69) 0.023

eGFR 

 Admission [ml/min/1.73 m2] median(IQR) 70 (52.7–79.7) 54.9 (37.8–75.5) 0.023

 Last [ml/min/1.73 m2] median (IQR) 63 (52–83) 58 (35–79) 0.027

Bilirubin

 Admission [mg/dl] median (IQR)  0.66 (0.41–0.95) 1.22 (0.61–1.69) 0.037

 Last [mg/dl] median (IQR)  0.61 (0.44–1.1) 0.85 (0.60–1.52) 0.232

AST 

 Admission [U/l] median (IQR)  37 (25–59) 33.5 (20.8–63.2) 0.482

 Last [U/l] median (IQR) 29 (21.3–38.3) 31 (22.5–41) 0.732

ALT 

 Admission [U/l] median (IQR)  31 (21–51.5) 22 (13–54) 0.037

 Last [U/l] median (IQR) 33 (15.5–43) 22.5 (17–46.8) 0.623

Loop diuretics IV, n (%) 49 (91) 55 (95) 0.637

Nitrates IV, n (%) 15 (28) 15 (26) 0.988

Pressors IV, n (%) 7 (13) 17 (29) 0.262

Dobutamine IV, n (%) 2 (4) 12 (21) 0.015

Levosimendan IV, n (%) 7 (13) 11 (19) 0.544

ACEi, n (%) 33 (61) 22 (38) 0.024

ARB, n (%) 6 (11) 3 (5) 0.419

Sacubitril/valsartan, n (%) 6 (11) 7 (12) 1.000

Beta-blocker, n (%) 46 (85) 43 (74) 0.225

SGLT2i, n (%) 3 (6) 4 (7) 1.000

MRA, n (%) 41 (82) 27 (68) 0.179

Oral diuretics, n (%) 45 (90) 38 (95) 0.628

Digoxin, n (%) 10 (19) 12 (21) 0.959

ACEi – angiotensin converting enzyme inhibitor, ALT – alanine transaminase, AST – aspartate transaminase, ARB – angiotensin receptor 
blocker, CKD – chronic kidney disease, eGFR – estimated glomerular filtration rate, hs-CRP – high-sensitivity C-reactive protein, hs-cTNT – 
high-sensitivity cardiac troponin T, MRA – mineralocorticoid receptor antagonist, NT-pro BNP – N-terminal prohormone of brain natriuretic 
peptide, SGLT2i – sodium glucose Co-transporter-2 inhibitor.

Table II. Cont.
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biological age. Various studies, however, have re-
ported different reference ranges for the sαKl pro-
tein [21, 22]. Obesity, chronic kidney disease, and 
diabetes, which are potential risk factors for car-
diovascular disease, are associated with low se-
rum sαKl levels [23, 24]. A meta-analysis of Amer-
ican populations suggested that low sαKl levels 
are associated with a higher risk of all-cause mor-
tality [25]. The above evidence indicates that sαKl 
plays a protective role in the body. Recent studies 
investigated changes in the levels of circulating 
sαKl, its reference ranges in acute cardiac condi-
tions, and the use of sαKl as a biomarker of myo-
cardial injury [15] and response to psychological 
stress [26]. Numerous data indicate that sαKl may 
improve the function of aging cells [27].

In our study, we assessed changes in sαKl in 
patients with AHF. In line with the study by Ta-
neike et al. [17], we noted significantly elevated 
sαKl levels compared with the control group. The 
levels of sαKl were assessed in subgroups accord-
ing to sex as well as the phenotype, smoking hab-
its and etiology of AHF. On admission, we noted 
considerably elevated sαKl levels in patients with 
new-onset HF and nonischemic etiology, as com-
pared with the control group. In these patients, 
treatment resulted in a  significant reduction in 
sαKl levels between admission and discharge. 
These findings are not surprising and confirm 
worse survival in patients with ischemic etiology 
of HF [28] and poor prognosis in those with acute 
decompensated HF linked to multiorgan damage 
[29, 30]. 

Sex, a  non-modifiable risk factor, was also of 
our interest. Espuch-Oliver et al. investigated 
345 healthy Andalusian volunteers and observed 
a  negative association between sαKl levels and 
age, while there was no relationship with sex [21]. 
In an analysis of 19 patients (9 women) hospital-
ized for AHF, Taneike et al. found that sαKl levels 
were higher in men [17]. In our study, women con-
stituted 25% of the whole population. Unlike Ta-

neike et al., we did not observe significant differ-
ences in sαKl levels between women and men. On 
admission, both women and men with AHF had 
significantly higher sαKl levels than controls. This 
discrepancy might be due to different geographi-
cal regions, living conditions, and race [31]. 

It is known that smoking is related to prema-
ture aging, causes systemic inflammation, and 
leads to various disorders such as cardiovascular 
disease. However, the relationship between Klotho 
and smoking not entirely clear. Nakanishi et al. 
reported that smoking and psychological stress 
increase the level of sαKlotho in healthy individ-
uals, suggesting compensation for harmful effects 
of smoking [32]. Onmaz et al. found significantly 
decreased sαKlotho levels in smokers compared 
to non-smokers [33]. In our study, smokers and 
non-smokers had significantly elevated sαKlotho 
values on admission compared to the control 
group. The two groups did not differ on admission 
and at discharge (p = 0.64 and p = 0.49, respec-
tively). This finding may mean that smoking in our 
population of AHF patients was not important in 
sαKl dynamics.

Risk stratification in AHF is a major goal and cru-
cial for better identification of high-risk patients, 
who need close, much more intensive in-hospital 
treatment and monitoring after discharge. On the 
other hand, low-risk patients may be discharged 
from hospital early and monitored in ambulatory 
care. It seems that sαKl could be a useful tool in 
risk assessment.

Our short, preliminary 12-month follow-up 
showed a  small decrease in sαKlotho levels 
among patients with death or HF rehospitaliza-
tion; Supplementary Figure S1.

Prolonged 3-year observation revealed that 
patients free from cardiovascular events had sig-
nificantly higher sαKl levels on admission than 
the control group. Moreover, we noted a  major 
reduction in sαKl levels between admission and 
discharge in both groups; Figure 3 A. 

Figure 3. Changes of sαKlotho values during hospitalization in subgroups stratified by clinical course during 3-year 
follow-up. A – Absolute values (median and interquartile range). B – Relative change (%)
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Patients who met the composite endpoint 
(death or HF rehospitalization) during the 3-year 
follow-up demonstrated significantly lower sαKl 
levels on admission compared to patients free 
from cardiovascular events. There were also signif-
icant changes in the levels of the biomarker during 
hospitalization (Figure 3 A); however, this group 
was characterized by a  2-fold lower reduction 
of sαKlotho values between admission and dis-
charge compared to patients free from cardiovas-
cular events; Figure 3 B. Interestingly, at discharge, 
sαKl levels were lower than in the control group; 
Figure 2. Our findings suggest that sαKl probably 
has cardioprotective effects, and its production 
in AHF constitutes a  compensatory reaction to 
oxidative stress and the inflammatory response. 
Higher sαKl levels on admission were associat-
ed with a lower risk of death or rehospitalization 
due to HF during short 12-month and prolonged 
3-year follow-up. A weak reduction in sαKl levels 
between admission and discharge may serve as 
an indicator for a poor prognosis. It seems likely 
that supplementation with sαKl in these patients 
will improve their prognosis. Data from studies 
on an animal model strongly suggest that replen-
ishment of sαKl protects against fibrosis in renal 
and cardiac diseases. sαKl was also found to be 
a tumor growth inhibitor and potential therapeu-
tic agent to promote the healing of aged injured 
skeletal muscles [6, 27]. The therapeutic potential 
of sαKlotho is a robust area of study for the devel-
opment of sαKL-based pharmaceuticals. Recent 
publications report that small sαKl boosting mol-
ecules and gene therapy are intensively pursued 
by industry [6]. Findings from our study are in line 
with previous data [17] that confirmed the use-
fulness of sαKl in AHF, both as a biomarker and 
promising cardioprotective agent. Taking into ac-
count current knowledge [34], this novel, valuable 
molecule has potential for extensive use, espe-
cially in screening health services and preventive 
medicine. The widespread use of sαKl, as a bio-
marker in the early diagnosis and management of 
age-related diseases, may help select high-risk pa-
tients and facilitate therapeutic decision-making. 
Notably, early diagnosis may be cost-effective, for 
example in heart failure. Given the therapeutic po-
tential of sαKl, it may influence the management 
of many conditions and disorders. We believe that 
ongoing research and clinical efforts are bringing 
us closer to application of this assay in everyday 
clinical practice.

First, this study had a  limited number of en-
rolled patients. Thus, our findings should be 
confirmed in a  survey with a  larger sample size. 
Second, although we conducted therapy in accor-
dance with the latest guidelines for HF, our study 
did not include a specific therapy protocol. Many 
non-cardiovascular medications and nutraceuti-

cals could affect the serum sαKl levels. It would 
be useful to perform an analysis of several medi-
cations affecting the sαKl level. 

In conclusion, our study showed that the sαKl 
level is upregulated during an acute episode of HF. 
Thus, it may be a useful biomarker for diagnosis 
and treatment. Poor kinetics in sαKl levels during 
treatment indicate patients with bad prognosis in 
the long-term observation. Subjects with higher 
sαKl levels at admission tended to present better 
outcomes, suggesting a  promising cardioprotec-
tive role of this biomarker in AHF.
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