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Predictors of atrial fibrillation recurrence in patients with metabolic syndrome 
after pulmonary vein isolation

Ionin V. A.1, Zaslavskaya E. L.1, Barashkova E. I.1, Pavlova V. A.1, Ananin A. M.1, Morozov A. N.1, 
Baranova E. I.1,2

Aim. To determine the role of biomarkers in predicting atrial 
fibrillation (AF) recurrence within 12 months after radio-
frequency ablation (RFA) in patients with metabolic synd-
rome (MS). 
Material and methods. The study included 245 patients 
with AF aged 35 to 65 years: patients without MS compo-
nents (n=32), with 1-2 MS components (n=62) and patients 
with 3 or more MS components (n=153). All patients under-
went a comprehensive clinical and anamnestic, anthropo-
metric, laboratory and echocardiographic examinations. The 
pro spective follow-up for 12 months included 135 patients 
with AF who underwent RFA. 
Results. It was found that the presence of 3 or more MS 
components increased the risk of AF recurrence by 4,1 
times within 12 months after RFA (relative risk (RR) =4,1, 
95% CI 2,19-7,65, p<0,0001). According to binomial logistic 
regression, epicardial fat thickness (EFT) (OR =3,71, 95% 
CI 2,12-6,73, p=0,00001), the severity of left atrial fibrosis 
(OR =1,48, 95% CI 1,03-1,78, p=0,0006), concentrations 
of galectin-3 (OR =1,31, 95% CI 1,12-1,51, p=0,0001) 
and GDF-15 (OR =1,11, 95% CI 1,02-1,18, p=0,0002) in 
patients with AF and MS increase the risk of AF recurrence 
after RFA. For galectin-3, GDF-15, and EFT, using ROC 
analysis, the following threshold values were established, 
the excess of which had the greatest effect on the risk of AF 
recurrence after RFA in patients with MS: galectin-3 >11,0 
ng/ml (RR =3,43, 95% CI 1,79-6,58, p=0,0001), GDF-15 
>1380,7 pg/ml (RR =2,84, 95% CI 1,81-4,46, p<0,0001) 
and EFT >6,4 mm (RR =4,50, 95% CI 2,32-8,71, p<0,0001). 
In patients with excess of all three biomarker thresholds, 
the total risk of AF recurrence in patients with MS within 12 
months after RFA increases by 3,2 times (RR =3,16, 95% CI 
1,97-5,11, p<0,00001). 

Conclusion. The risk of AF recurrence within 12 months 
after RFA in patients with three or more MS components 
is higher than in patients with 1-2 MS components. An 
increase in the blood concentration of profibrogenic bio-
markers galectin-3, GDF-15 and an increase in the thickness 
of epicardial adipose tissue is associated with an increased 
risk of AF recurrence in patients with MS, and these bio-
markers are likely to play a significant role in predicting 
recurrent episodes of AF after RFA. 
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•  This paper expands understanding of why sinus rhythm control is not effective in patients with atrial 
fibrillation and metabolic syndrome after radiofrequency ablation.

•  Established threshold values of novel biomarkers as galectin-3, GDF-15 and epicardial fat thickness 
make it possible to predict AF recurrence in patients, which can be used to personify antiarrhythmic 
management in patients with metabolic syndrome.

Key messages

Metabolic syndrome (MS) is a cluster of patho-
logical conditions that includes arterial hypertension 
(AH), abdominal obesity (AO), insulin resistance, 
and lipid metabolism disorders that all contribute to 
the development of cardiovascular diseases [1]. The 
prevalence of MS in the population of the Russian 
Federation is high and, according to the epidemio-
logical ESSE-RF study, it is accounted for 33% in 
those examined at the age of 25-64 years [2]. Putting 
into clinical practice the MS criteria of the Joint 
Interim Societies, the Joint Interim Statement (JIS 
2009) allows more frequently identifying this patho-
logy and timely preventing of cardiovascular diseases 
[3]. Atrial fibrillation (AF) is the most common type 
of heart arrhythmia associated with an increased 
risk of stroke, systemic embolism, disability and 
mortality in the working-age population [4]. The 
main conditions of MS, such as AO, AH, and carbo-
hydrate metabolism disorders, significantly increase 
the risk of developing AF, including younger gene-
ration [5]. The mechanisms of AF development in 
patients with MS are manifold and are caused by 
structural changes in the atria, a process known 
as remodeling. Anatomical atrial remodeling is 
accompanied by atrial dilatation due to an increased 
 volume of circulating blood in patients with AO and 
an elevated filling pressure in the left ventricle (LV) 
in patients with AH [6, 7]. Impaired carbohydrate 
metabolism and diabetes mellitus (DM) jointly with 
visceral adipose tissue contribute to electrical and 
structural myocardial remodeling, which can lead to 
the formation of fibrosis. This, in turn, leads to the 
occurrence of micro-reentry as a substrate for the 
development of atrial fibrillation [8]. Recently the 
role of circulating biomarkers of fibrosis and inflam-
mation has been actively studied in the manifesta-
tion of AF in various cohorts. Previously, increased 
galectin-3, procollagen types I and III expression 
has been revealed in patients with AF and MS, and 
the relationship between biomarkers and the severity 
of left atrial (LA) fibrosis has been established [9]. 
Epicardial adipose tissue, a biomarker of visceral 
obesity, promotes not only the systemic circulation 
of proinflammatory and profibrogenic cytokines, 

but also has a paracrine effect on the myocardium, 
which leads to the development of fibrosis and elec-
trical remodeling [10]. Studying the role of various 
biomarkers exists due to the need to find out pre-
dictors not only for the risk of developing AF, but 
also for the progression of this arrhythmia, as well 
as for the effectiveness of drug and interventional 
therapy. According to the results of the study, it was 
found that elevated concentrations of galectin-3 and 
aldosterone was associated with an increased risk 
of recurrence of this rhythm disorder in patients 
with AF after radiofrequency ablation (RFA) [11]. 
In 2012, the results of a retrospective study were 
published, where MS was identified as a significant 
predictor of AF recurrence after RFA (relative risk 
(RR) =1,28, p=0,021). However, a comprehensive 
study of the role of various biomarkers has not been 
carried out yet [12]. The objective of this study was 
to evaluate the role of clinical, anthropometric, pro-
fibrogenic and pro-inflammatory factors as predic-
tors of AF recurrence in patients with MS after RFA. 

Material and methods 
From 2014 to 2018, 245 (male of 55,9% and female 

of 44,1%, at the age of 35-65 years) patients out of 
1307 patients with AF hospitalized in the the rapeutic 
clinic of Federal State Budgetary Educational 
Institution of Higher Education "Academician 
I. P. Pavlov First St. Petersburg State Medical Uni-
versity" of the Ministry of Healthcare of Russian 
Fede ration were enrolled. The patients did not have 
any organic heart disease, clinical data for acute 
and chronic diseases. The study was approved by 
the local Ethics Committee of Institution. Informed 
written consent was obtained from all patients before 
their enrollment. The study included patients with 
paro xysmal (n=191) and persistent (n=54) forms of 
AF and a different number of MS components (JIS, 
2009): no components or control group (n=30), 1-2 
components (n= 62) and ≥3 components (n=153). 
All the examined patients were assessed the anthro-
pometric data, a set of laboratory and instrumental 
examinations: electrocardiogram (ECG),  multi-day 
ECG monitoring ("Normocard", Kemerovo, Russia), 
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electrical and anatomical mapping system CARTO 3 
(Biosense Webster, USA) and a catheter measuring 
the contact force with the LA myocardium (Smart 
Touch Thermocool, Biosense Webster, USA). The 
assessment of low voltage zones in the amplitude 
spectrum of 0,2-0,5 mV with the measurement 
of  their area using the "area measurement" function 
of the CARTO 3 navigation system software was car-
ried out in the "off line" mode [13]. The prevalence 
of fibrosis was assessed as a percen tage of the area of 
fibrosis to the total area of the LA.

Statistical analysis was performed using licensed 
IBM SPSS Statistics software, version 22.0. The 
Kolmogorov-Smirnov test was carried out to eva-
luate the normality of the distribution. Normally 
distributed quantitative variables are presented as 
mean (M) ± standard deviation (σ). The parametric 
unpaired Student’s t-test was used to compare the 
normally distributed quantitative variables of inde-
pendent groups. Abnormally distributed quantitative 
variables are presented as medians (Me) with inter-
quartile intervals (25-75%), and the nonparametric 
Mann-Whitney U-test was used to compare such 
variables in independent groups. The parametric 
analysis of variance (ANOVA) and the non-para-
metric Kruskal-Wallis test were used for multiple 
comparisons in groups (more than two). Binomial 
regression analysis was also used to predict the pro-
bability of event occurrence (odds ratio (OR)) and 
ROC-analysis to determine the cut-off value of bio-
markers with the relative risk of events (RR) using 
a 2×2 contingency table. 

echo cardiography ("Vivid 7", GE, USA) with evalu-
ation of epicardial fat thickness (EFT). All patients 
who underwent RFA received cardiorespiratory 
mo nitoring to find oud sleep-related respiratory 
disorders (SOMNOlab 2 (PG) Polygraphy system, 
Loewenstein Medical, Weinmann, Germany). All 
plasma and serum samples were centrifuged with 
subsequent storage at -40 C. The levels of biomar-
kers were determined using standard kits; their data 
are presented in Table 1. 

The prospective 12-month follow-up included 
patients with clinically significant AF paroxysms 
(involving those with reduced quality of life due to 
this condition), resistant to drug antiarrhythmic 
therapy, who underwent pulmonary vein isolation 
ablation. 

Scheduled outpatient visits after RFA were carried 
out at 3, 6, 9 and 12 months. AF recurrence after 
RFA was considered to be complaints of patients 
and recorded episodes of AF ≥30 sec on ECG in the 
period from 3 to 12 months. All patients underwent 
3-day ECG monitoring at 6 months after RFA and 
longer up to 7-day ECG monitoring at 12 months 
after RFA using the Normocard system (Kemerovo) 
to reveal/exclude AF paroxysms after the RFA 
procedure, which was considered effective in the 
absence of complaints and indications of AF paro-
xysms in the period from 3 to 12 months. Against the 
background of sinus rhythm, bipolar amplitude LA 
maps and local activation time estimation maps were 
performed before RFA of the pulmonary vein in 
an X-ray operating room using a non-fluoroscopic 

Table 1
Characteristics of methods and manufacturers of reagents 

 for the evaluation of biomarker levels in blood samples

Biomarker Technique Company name Country of origin
Aldosterone, pg/mL ELISA DBC Inc. Canada
Galectin-3, ng/mL ELISA Human Galectin-3, Affymetrix, eBioscience Austria
TGF-beta1, pg/mL ELISA ProcartaPlex Human TGF-beta1 Simplex, Affymetrix, eBioscience Austria
CTGF, pg/mL ELISA Human СTGF High Sensitive, Aviscera Bioscience Inc Austria
GDF-15, pg/mL ELISA BioVendor Human GDF-15/MIC-1 Czech Republic
PINP, pg/mL ELISA Cloud-Clone Corp. USA
PIIINP, pg/mL ELISA Cloud-Clone Corp. USA
CRP, mg/mL IT COBAS INTEGRA компании Roche Diagnostics GmbH. Germany
CT-1, pg/mL ELISA RayBio® Human CT-1 (Cardiotrophin-1), RayBiotech Austria
TNF-α, pg/mL ELISA Human TNF alpha High Sensitivity ELISA kit, 

Bender MedSystems
Austria

IL-6, pg/mL ELISA Human IL-6 High Sensitivity ELISA kit, Bender MedSystems Austria
Abbreviations: IL-6 — interleukin-6, IT — immunoturbidimetry, ELISA — enzyme-linked immunosorbent assay, CRP — С-reactive protein, 
TNF-α  — tumor necrosis factor alpha, TGF-beta1  — transforming growth factor-beta1, CT-1  — cardiotrophin-1, CTGF  — Connective 
tissue growth factor, PIIINP — N-terminal propeptide of procollagen type III, PINP — N-terminal propeptide of procollagen type I, GDF-
15 — growth differentiation factor-15.
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Results
Patients with AF without MS components 

and with varies numbers of MS components were 
included. The studied groups were comparable by sex 
and did not differ statistically significantly by age. 
Patients with 1-2 MS components had higher body 
mass index (BMI) and waist circumference (WC) 
than those without MS components. However, 
these groups did not differ significantly in terms of 
lipid and carbohydrate metabolism parameters. The 
highest values of BMI, WC, and plasma glucose 
concentrations were found in patients with ≥3 MS 
components, but lipid metabolism parameters were 
comparable with the comparison groups. Patients 
with AF and MS had significantly larger sizes of the 
left and right atria, greater values of the LV myocar-
dial mass index (LVMMi) and EFT than patients 
with 1-2 components of MS and patients without 

MS. Bothe he dimension and volume of the LA and 
LVMMi were greater in patients with 1-2 MS com-
ponents than in patients without MS. The examined 
groups were comparable in terms of LV ejection 
fraction and duration of AF. The main clinical, 
laboratory and instrumental characteristics of the 
examined patients are presented in Table 2.

Table 3 presents data on the serum and plasma 
biomarker concentrations of the patients. The levels 
of pro-fibrogenic and pro-inflammatory biomar-
kers have been established to be higher in patients 
with AF and MS than in those with AF and 1-2 
MS components or without MS components. The 
concentrations of connective tissue growth factor, 
growth differentiation factor-15 (GDF-15), tumor 
necrosis factor alpha and interleukin-6 were greater 
in patients with AF and 1-2 components of MS than 
in patients with AF and without MS. 

Table 2
Clinical, laboratory and echocardiographic characteristics of the examined patients

Parameter AF Statistical significance, p
0 MS 
components, 
n=30 (1)

1-2 MS 
components, 
n=62 (2)

≥3 MS 
components,  
n=153 (3)

Age, years 54,1±7,6 55,1±8,2 56,2±5,2 p1,2,3>0,05
Gender, male/female 13/17 32/30 69/84 p1,2,3>0,05
AF duration, years 4,7±1,8 4,7±1,8 4,2±2,2 p1,2,3>0,05
AF form Paroxysmal 26/30 (86,7%) 51/62 (82,3%) 113/153 (73,9%) p1,2,3>0,05

Persistent 4/30 (13,3%) 11/62 (17,7%) 40/153 (26,1%) p1,2,3>0,05
BMI, kg/m2 24,6±3,8 28,1±7,3 33,6±7,1 p1,2=0,01, p1,3<0,001, p2,3<0,001
WC, sm Male 87,9±5,1 96,0±10,5 113,9±13,5 p1,2<0,001, p1,3<0,001, p2,3<0,001

Female 74,9±3,1 86,3±10,5 107,2±13,5 p1,2<0,001, p1,3<0,001, p2,3<0,001
Total cholesterol, mmol/L 5,2±0,9 5,1±1,1 5,3±1,2 p1,2,3>0,05
LDL cholesterol, mmol/L 3,1±0,3 3,1±0,3 3,1±0,4 p1,2,3>0,05
HDL cholesterol, 
mmol/L

Male 1,3±0,3 1,4±0,3 1,1±0,4 p1,2,3>0,05

Female 1,6±0,3 1,6±0,3 1,3±0,4 p1,2,3>0,05

TG, mmol/L 1,2±0,3 1,3±0,8 2,1±1,2 p1,2=0,671, p1,3<0,001, p2,3<0,001
Glucose, mmol/L 5,1±0,6 5,2±1,2 6,0±1,4 p1,2=0,871, p1,3<0,001, p2,3<0,001
LA diameter, mm 40,7±2,7 44,2±4,2 46,5±4,0 p1,2<0,001, p1,3<0,001, p2,3<0,001
LA volume, mL 68,2±9,4 80,9±16,6 88,9±19,4 p1,2<0,001, p1,3<0,001, p2,3<0,001
LA volume index, ml/m2 36,9±4,9 41,5±9,7 43,5±11,2 p1,2<0,001, p1,3<0,001, p2,3<0,001
RA volume, mL 58,3±8,9 63,8±14,4 71,1±14,7 p1,2=0,01, p1,3<0,001, p2,3<0,001
RA volume index, ml/m 2 30,6±4,3 32,9±7,3 34,8±7,8 p1,2=0,01, p1,3<0,001, p2,3<0,001
LVMMi, g/m2 Male 95,4±4,3 108,2±7,3 112,2±7,8 p1,2<0,001, p1,3<0,001, p2,3<0,001

Female 82,3±5,1 88,7±7,3 102,5±7,8 p1,2<0,001, p1,3<0,001, p2,3<0,001
LVEF, % 62,8±7,0 61,2±6,0 61,3±6,0 p1,2,3>0,05
Epicardial fat thickness, mm 3,8±7,0 4,6±6,0 6,3±6,0 p1,2<0,001, p1,3<0,001, p2,3<0,001

Abbreviations: BMI  — body mass index, LVMMi  — left ventricular myocardial mass index, LA  — left atrium, HDL  — high density 
lipoproteins, LDL  — low density lipoproteins, MS  — metabolic syndrome, WC  — waist circumference, RA  — right atrium, TG  — 
triglycerides, LVEF — left ventricular ejection fraction, AF — atrial fibrillation.
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The further prospective 12-month follow-up 
observation included patients with indications for 
RFA (n=135) without MS and various numbers of 
MS components: 0 MS components (n=23), 1-2 MS 
components (n=35), ≥3 MS components (n=77). 
It was found that 42,9% of patients (n=58) had AF 
recurrence during follow-up period after RFA in the 
following ratio: 72,4% (n=49) of patients with ≥3 
MS components, 8,6% (n=5) of patients with 1-2 
MS components and 6,9% (n=4) of patients without 
MS components. There were fewer patients with 
AF recurrence in those without MS components, 
than patients without recurrent AF episodes, and a 
low risk of AF recurrence after RFA was revealed 
(RR =0,34, 95% confidence interval (CI) 0,14-0,83, 
p=0,007). Patients with 1-2 MS components showed 
a trend towards an increased risk of AF recurrence, 
however, no statistically significant difference was 

found in comparison to patients without MS com-
ponents (RR =0,82, 95% CI 0,21-3,25, p=0,779). 
In patients with ≥3 MS components, there were 
more patients with recurrent AF than those without 
arrhythmia. Thus, the presence of MS increased the 
risk of AF recurrence by 4,1 times after RFA within 
12 months (RR =4,11, 95% CI 2,19-7,65, p<0,0001). 
When analyzing the risk of AF recurrence after RFA 
in the examined patients based on the number of MS 
components, a statistically significant increase was 
observed in this parameter in patients with 3 or more 
components, and the maximum risk of recurrent 
episodes of AF after RFA was found in patients with 
5 MS components (Table 4). 

On binomial logistic regression, an increase in 
the number of MS components from 0 to 5 raised 
the likelihood of AF recurrence after RFA by 2,2 
times (OR =2,16, 95% CI 1,61-2,89, p<0,0001). Data 

Table 3
Circulating blood levels of biomarkers of fibrosis and inflammation  

in patients with AF and MS, AF without MS, AF with 1-2 MS components 

Biomarker AF Statistical significance, p
0 MS components, 
n=30 (1)

0 MS components, 
n=30 (1)

0 MS components, 
n=30 (1)

Aldosterone, pg/mL 90,2 (66,6-109,2) 95,5 (72,3-125,2) 134,2 (100,7-178,3) p1,2=0,145, p1,3<0,001, p2,3<0,001
Galectin-3, ng/mL 4,9 (4,3-7,1) 6,4 (4,8-7,6) 13,2 (6,8-16,8) p1,2=0,052, p1,3<0,001, p2,3<0,001
TGF-beta1, pg/mL 2155,4 (1678,3-3031,4) 2610,6 (2142,3-3355,5) 3572,5 (2468,5-5497,5) p1,2=0,09, p1,3=0,001, p2,3=0,001
CTGF, pg/mL 114,8 (64,7-169,7) 145,1 (115,1-178,2) 167,1 (121,6-224,3) p1,2=0,03, p1,3<0,001, p2,3=0,01
GDF-15, pg/mL 548,8 (450,7-801,2) 716,9 (586,9-847,7) 1256,3 (893,3-2235,1) p1,2=0,004, p1,3<0,001, p2,3<0,001
PINP, pg/mL 59,5 (46,2-89,1) 58,9 (50,9-83,3) 94,1 (61,6-127,3) p1,2=0,862, p1,3<0,001, p2,3<0,001
PIIINP, pg/mL 2777,9 (1654,1-3414,6) 2789,3 (2001,0-3663,5) 3488,4 (2352,1-4418,7) p1,2=0,572, p1,3<0,001, p2,3=0,01
CRP, mg/mL 1,1 (0,6-3,0) 2,1 (1,1-3,1) 3,5 (2,18-4,4) p1,2=0,068, p1,3<0,001, p2,3<0,001
CT-1, pg/mL 3,1 (2,1-4,1) 4,3 (3,1-6,7) 6,1 (3,2-12,4) p1,2=0,005, p1,3<0,001, p2,3=0,002
TNF-α, pg/mL 531,1 (451,8-802,1) 689,1 (490,9-852,7) 1032,1 (667,6-1495,3) p1,2=0,110, p1,3<0,001, p2,3<0,001
IL-6, pg/mL 0,9 (0,5-1,4) 1,3 (0,7-2,2) 2,8 (1,3-5,3) p1,2<0,001, p1,3<0,001, p2,3<0,001

Abbreviations: IL-6  — interleukin-6, MS  — metabolic syndrome, CRP  — С-reactive protein, TNF-α  — tumor necrosis factor alpha, 
TGF-beta1 — transforming growth factor-beta1, CT-1 — cardiotrophin-1, CTGF — Connective tissue growth factor, PIIINP — N-terminal 
propeptide of procollagen type III, PINP — N-terminal propeptide of procollagen type I, GDF-15 — growth differentiation factor-15.

Table 4
Risk of AF recurrence 12 months after RFA in patients with different numbers of MS components

Number of MS 
components

N AF recurrence, n (%) RR 95% CI Statistical 
significance, p+ -

0 23 4 (17,4%) 19 (82,6%) 0,336 0,135-0,833 0,007
1 21 3 (14,3%) 18 (85,7%) 0,821 0,208-3,249 0,779
2 14 2 (14,3%) 12 (85,7%) 0,821 0,172-3,917 0,804
3 38 19 (50,0%) 19 (50,0%) 2,875 1,117-7,402 0,011
4 25 18 (72,0%) 7 (28,0%) 4,140 1,644-10,426 0,0001
5 14 12 (85,7%) 2 (14,3%) 4,929 1,972-12,318 0,0001

Abbreviations: CI — confidence interval, MS — metabolic syndrome, AF — atrial fibrillation, RR — relative risk.
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from patients with AF and 3 or more MS com po-
nents underwent RFA were analyzed in more detail. 
Groups of patients with MS and AF with AF recur-
rence and without it after RFA were comparable 
distribution in age, BMI and sex. Having analyzed 
statistical data, WC in patients with recurrent AF has 
been found to be greater than in patients with effec-
tive RFA. Plasma triglyceride levels in patients with 
recurrent AF were higher than in patients without 
recurrent episodes of arrhythmias. Generally, the 
groups were comparable in terms of the prevalence 

of AO, AH, obstructive sleep apnea syndrome, but 
the frequency of DM in patients with recurrent AF 
after RFA was higher than in patients with the effec-
tive interventional therapy. The groups were matched 
for antiarrhythmic therapy after RFA. The patients 
received the following drugs: beta-blockers (32,6%), 
propafenone (31,9%), sotalol (25,9%), amiodarone 
(7,4%), allapinin (2,2%). It should be noted that the 
parameters characterizing the dilatation of both atria 
were comparable in groups. However, LVMMi was 
higher in patients with recurrent AF after RFA. EFT 

Table 5
Clinical, anthropometric, laboratory and echocardiographic characteristics 

 of patients with AF and MS with and without AF recurrence after RFA

Parameter Without AF recurrence, 
n=28

With AF recurrence,  
n=49

Statistical significance, 
p

Age, years 56,3±4,2 55,1±3,2 p=0,357
Gender, male/female 13/15 21/28 p=0,345
AF duration, years 5,1±1,8 5,2±2,2 p=0,895
AF form Paroxysmal 25/28 (89,3%) 39/49 (79,6%) p=0,585

Persistent 3/28 (10,7%) 10/49 (20,4%) p=0,08
BMI, kg/m2 31,3±3,9 33,1±4,3 p=0,104
WC, sm Male 106,8±8,5 115,9±3,5 p=0,001

Female 104,8±7,3 112,8±5,1 p=0,001
Total cholesterol, mmol/L 5,3±1,2 p=0,245
LDL cholesterol, mmol/L 3,1±1,1 p=0,497
HDL cholesterol, mmol/L Male 1,2±0,3 1,1±0,4 p=0,607

Female 1,5±0,3 1,3±0,4 p=0,103
TG, mmol/L 2,3±1,2 p=0,011
Glucose, mmol/L 5,9±0,9 6,0±1,1 p=0,907
Diabetes mellitus 3/28 (10,7%) 10/49 (20,4%) p=0,001
Arterial hypertension 27/28 (96,4%) 49/49 (100%) p=0,875
OSAS 8/28 (28,6%) 15/49 (30,6%) p=0,105
LA diameter, mm 45,6±4,2 45,7±4,0 p=0,786
LA volume, mL 80,4±21,5 86,1±25,6 p=0,349
LA volume index, ml/m2 40,2±9,7 41,4±10,4 p=0,649
RA volume, mL 68,8±14,4 68,3±6,7 p=0,831
RA volume index, ml/m2 33,9±7,3 33,1±9,8 p=0,907
LVMMi, g/m2 Male 109,6±7,3 116,1±5,8 p=0,01

Female 90,2±6,1 101,1±6,3 p=0,001
Epicardial fat thickness, mm 4,6±1,3 6,7±1,7 p=0,00001
% of myocardial fibrosis to the total LA area 11,6 (10,4-22,2) 33,1 (23,9-43,6) p=0,0018
ACE inhibitor/ARA 22/28 (78,5%) 37/49 (75,5%) p=0,305
Statins 18/28 (64,3%) 34/49 (69,4%) p=0,455
Hypoglycemic therapy 10/28 (35,7%) 16/49 (32,7%) p=0,101
ADT after RFA 22/28 (78,6%) 39/49 (79,6%) p=0,585

Abbreviations: ADT — antiarrhythmic drug therapy, ACE inhibitors/ARA — angiotensinconverting enzyme inhibitors/angiotensin receptor 
antagonists, LVMMi — left ventricular myocardial mass index, BMI — body mass index, LA — left atrium, HDL — high density lipoprotein, 
LDH — low density lipoprotein, RA — right atrium, RFA — radiofrequency ablation, OSAS — obstructive sleep apnea syndrome, TG — 
triglycerides, LV EF — left ventricular ejection fraction, AF — atrial fibrillation.
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and the severity of LA myocardial fibrosis were sig-
nificantly higher in patients with recurrent episodes 
of AF after interventional therapy than in patients 
without it (Table 5).

On binomial logistic regression, greater values of 
EFT (OR =3,71, 95% CI 2,12-6,73, p=0,00001) and 
significant fibrosis (OR =1,48, 95% CI 1,03-1,78, 
p=0,0006) in patients with AF and MS increased 
the risk of recurrence of this arrhythmia after RFA. 
Having analyzed the concentrations of biomarkers 
of fibrosis and inflammation, it was found that the 
 levels of galectin-3 and GDF-15 were higher in 
patients with AF and MS with recurrent AF after 
RFA than in patients with no recorded recurrent 
episodes of AF. The concentrations of other pro-
fibrogenic and pro-inflammatory cytokines did not 
differ significantly in the groups (Table 6).

On binomial logistic regression, the levels of gale-
ctin-3 (OR =1,31, 95% CI 1,12-1,51, p=0,0001) and 
GDF-15 (OR =1,11, 95% CI 1,02-1,18, p=0,0002) 
in patients with MS increased the likelihood of AF 
recurrence within 12 months after RFA. For gale-
ctin-3, GDF-15, and EFT, ROC-analysis was used 
to calculate the predictive curves for the probability 
of AF recurrence in patients with MS within 12 
months after RFA. The analysis revealed high areas 
under the curves, which correspond to a significant 
effect of these biomarkers on the likelihood of recur-
rence of AF after RFA in patients with MS (Figure 1). 
Based on ROC-analysis, the elevated levels of gale-
ctin-3 (>11,0 ng/mL; RR =3,43, 95% CI 1,79-6,58, 
p=0,0001), GDF-15 (>1380,7 pg/mL; RR =2,84, 
95% CI 1,81-4,46, p<0,0001) and EFT (>6,4 mm; 

RR =4,50, 95% CI 2,32-8,71, p<0,0001) had the 
greatest effect on the risk of AF recurrence after 
RFA in patients with MS. If there was the excess of 
all three biomarker cut-off values, the total risk of 
AF recurrence in patients with MS within 12 months 
after RFA increased by 3,2 times (RR =3,16, 95% CI 
1,97-5,11, p<0,00001). Sensitivity (Se — 75,5%) and 

Specificity (Sp)

Se
ns

iti
vi

ty
 (S

e)

Galectin-3 (AUC=0,841±0,063, р<0,0001) 
GDF-15 (AUC=0,886±0,041, р<0,0001) 
EFT (AUC=0,972±0,018, р<0,0001) 

Table 6
Circulating blood levels of biomarkers of fibrosis and inflammation  

in patients with AF and MS with and without AF recurrence after RFA

Biomarker Without AF recurrence,  
n=28

With AF recurrence,  
n=49

Statistical significance,  
p

Aldosterone, pg/mL 112,1 (77,7-91,5) 128,2 (91,5-146,5) p=0,401
Galectin-3, ng/mL 7,8 (4,8-13,1) 16,4 (12,8-19,6) p=0,0003
TGF-beta1, pg/mL 2577,5 (2041,3-4777,9) 3232,1 (2165,3-4421,1) p=0,594
CTGF, pg/mL 178,1 (129,7-187,3) 187,1 (153,6-231,3) p=0,524
GDF-15, pg/mL 893,9 (674,9-986,7) 2603,3 (1516,3-3167,1) p=0,0001
PINP, pg/mL 72,9 (57,1-96,2) 86,7 (57,7-131,1) p=0,332
PIIINP, pg/mL 3184,9 (2316,0-4151,5) 3473,4 (2484,1-4321,7) p=0,538
CRP, mg/mL 2,9 (1,8-3,5) 3,2 (1,1-6,7) p=0,466
CT-1, pg/mL 6,5 (4,2-13,1) 9,8 (3,8-18,3) p=0,417
TNF-α, pg/mL 795,1 (530,9-1001,7) 887,1 (599,8-1319,5) p=0,183
IL-6, pg/mL 4,9 (3,4-6,3) 4,2 (1,6-6,1) p=0,221

Abbreviations: IL-6  — interleukin-6, MS  — metabolic syndrome, CRP  — С-reactive protein, TNF-α  — tumor necrosis factor alpha, 
AF  — atrial fibrillation, TGF-beta1  — transforming growth factor-beta1, CT-1  — cardiotrophin-1, CTGF  — Connective tissue growth 
factor, PIIINP — N-terminal propeptide of procollagen type III, PINP — N-terminal propeptide of procollagen type I, GDF-15 — growth 
differentiation factor-15.

Figure 1. ROC curves of the blood levels of galectin-3 and GDF-15 
and EFT for predicting the probability of AF recurrence in patients 
with MS within 12 months after RFA.
Abbreviations: EFT — epicardial fat thickness, AUC — area under 
the curve, GDF-15 — growth differentiation factor-15.
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specificity (Sp — 96,4%) indicated the high signifi-
cance of this model for predicting the probability of 
the event. 

Discussion
AF is the most common arrhythmia worldwide. 

It is expected that the incidence of AF will increase 
significantly over the next few decades [14]. The 
mechanisms of development of this heart rhythm 
disorder are diverse and represent a whole system of 
changes, including electrical and structural remo-
deling with the formation of myocardial fibrosis, 
anatomical remodeling with the development of atrial 
dilatation and impaired contractile function, as well 
as changes in neurovegetative regulation [15]. MS 
components, such as hypertension, obesity, disorders 
of carbohydrate and lipid metabolism, are among 
the risk factors for the development of AF. The 
presence of a large number of MS components sig-
nificantly increases the likelihood of developing this 
arrhythmia [16]. Sinus rhythm control with drug 
antiarrhythmic therapy and interventional treatments 
plays a substantial role in the up-to-date mana -
gement strategy of patients with AF. Data from the 
prospective EAST-AFNET study showed that early 
control of sinus rhythm in patients with AF can 
reduce the risk of cardiovascular death and stroke, 
which makes antiarrhythmic drug therapy of patients 
with AF even more relevant [17]. Nevertheless, these 
facts such little amount of antiarrhythmic drugs, their 
insufficient effect or cardiovascular and other system 
adverse events limit the choice of drug  therapy [18]. 
Current techniques of interventional treatment of AF, 
including, in particular, radiofrequency pulmonary 
vein isolation ablation make it possible to control 
sinus rhythm with high efficiency for a long time 
to a greater extent in patients with paroxysmal AF. 
However, this method of treatment has a rather high 
efficiency even in patients with a persistent form. The 
results of the CABANA study found that catheter 
ablation in AF was more effective in terms of sinus 
rhythm control compared to medical therapy, and 
both tactics were comparable in the risk reduction of 
cardiovascular complications [19]. In turn, the choice 
of antiarrhythmic tactics always requires personalized 
strategy, taking into account comorbid conditions. 
According to numerous stu dies, it has already been 
established that obesity, diabetes, uncontrolled hyper-
tension can increase the risk of arrhythmia recur-
rence after RFA, which is probably due to persistent 
pathogenetic changes in structural remodeling and 
progressive myocardial fibrosis [12, 20]. 

One of the largest meta-analyses, including 23 
studies and 12924 patients with AF, found that MS 
increased the risk of AF recurrence (RR =1,63, 95% 
CI 1,25-2,12) [21]. In our cohort study [20], it was 

revealed that the presence of 3 or more MS compo-
nents increased the risk of AF recurrence after RFA 
by 4,1 times (RR =4,11, 95% CI 2,19-7,65, p<0,0001). 
It was proved that the increase in the number of MS 
components from 0 to 5 raised the risk of AF recur-
rence by 2,2 times. The obtained data confirmed the 
fact that worsening of RFA efficiency prediction was 
observed only in the occurrence of 3 or more MS 
components, i.e. in the presence of criteria for this 
syndrome. It is worth noting that the examined groups 
of patients with MS and recurrent AF were compa-
rable in terms of the occurrence of AH. However, in 
patients with no effect of interventional therapy, DM 
and AO were more common.

The risk stratification of AF recurrence in patients 
with MS seems to be extremely relevant, because 
identification of predictors of insufficient effect 
of RFA will allow personalizing the strategy for 
mana ging patients with AF. In recent years, various 
biomarkers affecting myocardial fibrosis have been 
actively studied. It was previously established that 
the concentrations of such biomarkers as galectin-3, 
transforming growth factor-beta1, N-terminal pro-
peptide of procollagen type I and III is increased in 
patients with MS and AF and are associated with the 
severity of LA myocardial fibrosis [22]. It has been 
found that the blood circulating levels of GDF-15 
are associated with the severity of myocardial fibrosis 
and are likely to have an important prognostic value 
for patients with AF [23]. It was revealed that the 
increase in the concentrations of galectin-3 and 
aldosterone is associated with the increased risk of 
recurrence of this heart rhythm disorder in patients 
with AF in the study of biomarkers of fibrosis and 
inflammation in patients with AF and RFA [11]. 

Elevated serum levels of transforming growth 
factor-beta1 was an independent predictor of AF 
recurrence after RFA (OR =1,14, 95% CI 1,11-1,17, 
p=0,02) [24]. However, to date, studies on the com-
prehensive assessment of the role of biomarkers of 
fibrosis and inflammation in the development of AF 
relapses after RFA in patients with MS have not been 
published. However, to date, studies on the com-
prehensive assessment of the role of biomarkers of 
fibrosis and inflammation in the development of AF 
relapses after RFA in patients with MS have not been 
published. However, to date, studies on the com-
prehensive assessment of biomarkers of fibrosis and 
inflammation in the development of AF recurrence 
after RFA in patients with MS have not been pub-
lished. It is worth noting that our examined patients 
with MS and AF had higher values of a large number 
of fibrosis biomarkers studied, in comparison with 
patients with AF and with 1-2 MS components. 
The peculiarity of our study is that patients with 
MS in the groups with and without AF recurrence 
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were comparable not only in age, BMI, duration of 
AF and received drug therapy, but they also did not 
differ significantly in the severity of both atria dila-
tation. Simultaneously, echocardiography showed 
a significantly higher EFT values in patients with 
recurrent AF after RFA, and, on binomial regres-
sion analysis, this biomarker was found to increase 
the risk of arrhythmia recurrence (OR =3,71, 95% 
CI 2,12-6,73, p=0,00001) [25, 26]. It is known that 
MRI and CT are the gold standard for imaging 
EFT assessment; however, echocardiography is a 
more accessible screening method for evaluating 
this parameter in real clinical practice. In our study, 
based on ROC analysis, a cut-off value of EFT of 
6,4 mm was revealed. Exceeding this cut-off signifi-
cantly increases the risk of AF recurrence after RFA 
(RR =4,50, 95% CI 2,32-8,71, p<0,0001). A greater 
increase in EFT in patients with recurrent AF after 
RFA might be associated with a more severe the 
degree of fibrosis with a comparable volume of LA in 
the comparison groups with MS. In turn, the seve rity 
of LA fibrosis increased the risk of AF recurrence in 
patients with MS (OR =1,48, 95% CI 1,03-1,78, 
p=0,0006). The study of pro-inflammatory and pro-
fibrogenic biomarkers revealed higher concentra-
tions of galectin-3 and GDF-15 in patients with MS 
and recurrent AF. In recent years, various studies, 
including a large meta-analysis, have confirmed the 
association of galectin-3 with the risk of developing 
AF and myocardial fibrosis [27]. Pro-inflammatory 
cytokines activate macrophages and increase the 
production of galectin-3. Overexpression of gale-
ctin-3 induces fibroblasts to increase the secretion 
of collagen into the intercellular space, and therefore 
the highest concentrations of this biomarker are 
observed in patients with obesity and DM [28, 
29]. It was found that the plasma concentration of 
galectin-3 >5,83 ng/mL in patients with persistent 
AF without structural heart disease increases the 
risk of arrhythmia recurrence after RFA (RR =1,28, 
95% CI 1,072-1,529, p<0,006). In our cohort study, 
we studied the role of galectin-3 in predicting the 
risk of AF recurrence, predominantly in patients 
with paroxysmal arrhythmia in combination with 
MS. We also established the prognostic role of this 
biomarker, and the cut-off value of galectin-3 >11,0 
ng/mL increased the risk of recurrence by more than 
3 times (RR =3,43, 95% CI 1,79-6,58, p=0,0001). 
It can be assumed that the production of gale-
ctin-3 is significantly increased in the early stages of 
myocardial fibrosis formation. Nevertheless, given 
its significant prognostic role in patients with not 
only paroxysmal, but also persistent forms of AF, 
it is possible to believe that this biomarker acts as 
a predictor of more long-term prognosis in patients 
with AF.

As our study showed, the biomarker GDF-15 
is no less important in terms of predicting AF 
recurrence after RFA in patients with MS. The 
results of numerous studies have established that 
this biomarker increases in inflammation, oxida-
tive stress, hypoxia, and hyperglycemia. It pro bably 
determines its important integrative role as an indi-
cator of adverse metabolic pathological processes 
in the body [30]. In patients with AF, the pro-
gnostic role of GDF-15 in the risk stratification of 
 bleeding was well-studied in a large randomized 
trial ARISTOTLE, where GDF-15 was proved to be 
associated with the risk of cardiovascular death and 
bleeding [31]. In 2020, data on the role of GDF-15 
in predicting AF recurrence was firstly published. 
It was found that exceeding the cut-off value of 
1287,3 pg/ml increased the risk of AF recurrence 
(RR =1,053, 95% CI 1,007-1,1, p=0,022), however, 
this predictive model had low sensitivity (51,4%) 
and specificity (70,8%), and more than half of 
the patients in the study had persistent AF [32]. 
According to the results of our study, the GDF-15 
biomarker also demonstrated a high prognostic role 
in predicting AF recurrence after RFA in a cohort of 
patients with MS, wherein the cut-off value of GDF-
15 was higher (1380,7 pg/ml), and the increase in the 
risk of recurrence was found to be more degree (RR 
=2,84, 95% CI 1,81-4,46, p<0,0001). 

The use of various biomarkers in actual clinical 
practice allows personalization of therapy to achieve 
a better result in reducing the risk of endpoint 
events. In particular, a comprehensive assessment of 
such prognostic biomarkers as galectin-3, GDF-15, 
and EFT in patients with AF and MS makes it pos-
sible to predict AF recurrence within 12 months after 
RFA with a high degree of sensitivity and specificity. 
The main practical significance of such personalized 
therapy is the timely identification of patients with 
an unfavorable prognosis of RFA. In those patients 
primary prevention such as the impact on risk fac-
tors of AF: weight loss, normalization of blood 
pressure and stabilization of the glycemic profile, 
identification and correction of respiratory disor-
ders during sleep in preparation for an intervention 
therapy should be intensified. All that may improve 
the prognosis of the effectiveness of radiofrequency 
pulmonary vein isolation in patients with MS.

Conclusion 
1. The presence of 3 and more MS components 

increases the risk of AF recurrence by 4,1 times 
within 12 months after RFA, and the highest risk 
of  recurrent episodes of this arrhythmia was found 
in patients with 5 MS components. 

2. On binomial logistic regression, independent 
predictors of AF recurrence such as EFT, severity 
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of  LA fibrosis, elevated blood levels of galectin-3 
and GDF-15 were identified in patients with MS 
during the first 12 months after RFA.

3. Cut-off values of the blood concentrations 
of galectin-3 (>11,0 ng/mL), GDF-15 (>1380,7 pg/

mL) and EFT (>6,4 mm) have been established. 
The excess of those significantly affects the risk 
of AF recurrence after RFA in patients with MS. 

Relationships and Activities: none.

1.  Fahed G, Aoun L, Zerdan MB, et al. Metabolic Syndrome: Updates 
on Pathophysiology and Management in 2021. International Journal 
of Molecular Sciences. 2022; 23. doi:10.3390/IJMS23020786.

2.  Balanova YuA, Imaeva AE, Kutsenko VA et al. Metabolic syndrome and 
its associations with sociodemographic and behavioral risk factors 
in the Russian population aged 25-64 years. Cardiovascular Therapy 
and Prevention. 2020;19(4):2600. (In Russ.) doi:10.15829/1728-
8800-2020-2600.

3.  Rotar OP, Libis RA, Isaeva EN, et al. Metabolic syndrome prevalence 
in  russian cities. Russian Journal of Cardiology. 2012;(2):55-62. 
(In Russ.) 

4.  Goette A, Kalman JM, Aguinaga L, et al. EHRA/HRS/APHRS/SOLAECE 
expert consensus on atrial cardiomyopathies: Definition, charac-
terization, and clinical implication. Heart Rhythm. 2017;14:e3-e40. 
doi:10.1016/j.hrthm.2016.05.028.

5.  Chamberlain AM, Agarwal SK, Ambrose M, et al. Metabolic syndrome 
and incidence of atrial fibrillation among blacks and whites in the 
Atherosclerosis Risk in Communities (ARIC) Study. American Heart 
Journal. 2010;159:850-6. doi:10.1016/j.ahj.2010.02.005.

6.  Dzeshka MS, Shantsila A, Shantsila E, et al. Atrial Fibrillation and Hyper- 
ten sion. Hypertension. 2017;70:854-61. doi:10.1161/HYPERTENSIONAHA. 
117.08934.

7.  Lavie CJ, Pandey A, Lau DH, et al. Obesity and Atrial Fibrillation Prevalence, 
Pathogenesis, and Prognosis: Effects of Weight Loss and Exercise. J Am 
Coll Cardiol. 2017;70:2022-35. doi:10.1016/j.jacc.2017.09.002.

8.  Asghar O, Alam U, Hayat SA, et al. Diabetes, obesity and atrial fibril-
lation: Epidemiology, mechanisms and interventions. Journal of Atrial 
Fibrillation. 2013;6:47-55. doi:10.4022/jafib.869.

9.  Ionin VA, Baranova EI, Zaslavskaya EL, et al. Galectin-3, n-terminal 
propeptides of type i and iii procollagen in patients with atrial fibrillation 
and metabolic syndrome. International Journal of Molecular Sciences. 
2020;21:1-12. doi:10.3390/ijms21165689.

10.  Zaslavskaya EL, Ionin VA, Nifontov SE, et al. Are epicardial adipose tissue  
and transforming growth factor beta1 risk factors of atrial fibril-
lation in patients with metabolic syndrome? Arterial Hyperten sion. 
2018;24(3):281-92. (In Russ.) doi:10.18705/1607-419X-2018-24-3-281-292.

11.  Ruan Z, Gao R, Wang F, et al. Circulating Galectin-3 and Aldosterone 
for Predicting Atrial Fibrillation Recurrence after Radiofrequency 
Catheter Ablation. Cardiovasc Ther. 2022;2022:1-7. doi:10.1164/rccm. 
201711-2308LE.

12.  Mohanty S, Mohanty P, di Biase L, et al. Impact of metabolic syndrome 
on procedural outcomes in patients with atrial fibrillation undergoing 
catheter ablation. J Am Coll Cardiol. 2012;59:1295-301. doi:10.1016/j.
jacc.2011.11.051.

13.  Begg GA, Karim R, Oesterlein T, et al. Left atrial voltage, circulating 
biomarkers of fibrosis, and atrial fibrillation ablation. A prospective 
cohort study. PLoS One. 2018;13(1):e0189936. doi:10.1371/journal.
pone.0189936.

14.  Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for 
the diagnosis and management of atrial fibrillation developed in 
collaboration with the European Association for Cardio-Thoracic Surgery 
(EACTS). Eur Heart J. 2021;42(5):373-498. doi:10.1093/eurheartj/
ehaa612. Erratum in: Eur Heart J. 2021;42(5):507. Erratum in: Eur 
Heart J. 2021;42(5):546-7. Erratum in: Eur Heart J. 2021;42(40):4194.

15.  Sagris M, Vardas EP, Theofilis P, et al. Atrial Fibrillation: Pathogenesis, 
Predisposing Factors, and Genetics. Int J Mol Sci. 2021;23(1):6. 
doi:10.3390/ijms23010006.

16.  Zheng Y, Xie Z, Li J, et al. Meta-analysis of metabolic syndrome and 
its individual components with risk of atrial fibrillation in different 
populations. BMC Cardiovasc Disord. 2021;21(1):90. doi:10.1186/
S12872-021-01858-1.

17.  Kirchhof P, Camm AJ, Goette A, et al. Early Rhythm-Control Therapy 
in Patients with Atrial Fibrillation. N Engl J Med. 2020;383:1305-16. 
doi:10.1056/NEJMoa2019422.

18.  Mankad P, Kalahasty G. Antiarrhythmic Drugs: Risks and Benefits. 
Med Clin North Am. 2019;103:821-34. doi:10.1016/j.mcna.2019.05.004.

19.  Poole JE, Bahnson TD, Monahan KH, et al. Recurrence of Atrial Fibrillation 
After Catheter Ablation or Antiarrhythmic Drug Therapy in the CABANA 
Trial. J Am Coll Cardiol. 2020;75:3105-18. doi:10.1016/j.jacc.2020.04.065.

20.  Ionin VA, Zaslavskaya EL, Pavlova VA, et al. Rhythm control strategy 
in patients with atrial fibrillation in real clinical practice. Annaly 
aritmologii. 2020;17(2). (In Russ.) doi:10.15275/annaritmol.2020.2.5.

21.  Lin KJ, Cho SI, Tiwari N, et al. Impact of metabolic syndrome on the 
risk of atrial fibrillation recurrence after catheter ablation: systematic 
review and meta-analysis. J Interv Card Electrophysiol. 2014;39:211-
23. doi:10.1007/s10840-013-9863-x.

22.  Ionin VA, Zaslavskaya EL, Barashkova EI, et al. Molecular mechanisms 
of left atrial fibrosis development in patients with atrial fibrillation and 
metabolic syndrome: What biomarkers should be used in clinical 
practice? Russian Journal of Cardiology. 2021;26(7):4579. (In Russ.) 
doi:10.15829/1560-4071-2021-4579.

23.  Gizatulina TP, Martyanova LU, Petelina TI, et al. Ассоциация уровня 
ростового фактора дифференцировки 15 (GDF-15) с  выражен-
ностью фиброза левого предсердия у  пациентов с  неклапан-
ной фибрилляцией предсердий. Кардиология. 2020;60(9):22-9. 
(In Russ.) doi:10.18087/cardio.2020.9.n1144.

24.  Tian Y, Wang Y, Chen W, et al. Role of serum TGF-β1 level in atrial 
fibrosis and outcome after catheter ablation for paroxysmal atrial 
fibrillation. Medicine. 2017;96. doi:10.1097/MD.0000000000009210.

25.  Gaeta M, Bandera F, Tassinari F, et al. Is epicardial fat depot 
associated with atrial fibrillation? A systematic review and meta-
analysis. Europace. 2017;19:747-52. doi:10.1093/europace/euw398.

26.  Goldenberg GR, Hamdan A, Barsheshet A, et al. Epicardial fat and 
the risk of atrial tachy-arrhythmia recurrence post pulmonary vein 
isolation: a computed tomography study. Int J Cardiovasc Imaging. 
2021;37:2785-90. doi:10.1007/s10554-021-02244-w.

27.  Gong M, Cheung A, Wang QS, et al. Galectin-3 and risk of atrial 
fibrillation: A systematic review and meta-analysis. Journal of Clinical 
Laboratory Analysis. 2020;34. doi:10.1002/jcla.23104.

28.  Nayor M, Wang N, Larson MG, et al. Circulating galectin-3 is associated 
with cardiometabolic disease in the community. J Am Heart Assoc. 
2016;5:1-8. doi:10.1161/JAHA.115.002347.

29.  Lin YH, Chou CH, Wu XM, et al. Aldosterone induced galectin-3 
secretion in vitro and in vivo: From cells to humans. PLoS ONE. 2014;9. 
doi:10.1371/journal.pone.0095254.

30.  Desmedt S, Desmedt V, de Vos L, et al. Growth differentiation factor 
15: A novel biomarker with high clinical potential. Crit Rev Clin Lab Sci. 
2019;56:333-50. doi:10.1080/10408363.2019.1615034.

31.  Hijazi Z, Wallentin L, Lindbäck J, et al. Screening of Multiple Biomarkers 
Associated With Ischemic Stroke in Atrial Fibrillation. J Am Heart 
Assoc. 2020;9. doi:10.1161/JAHA.120.018984.

32.  Wei Y, Liu S, Yu H, et al. The Predictive Value of Growth Differentiation 
Factor-15 in Recurrence of Atrial Fibrillation after Catheter Ablation. 
Mediators of Inflammation. 2020;2020. doi:10.1155/2020/8360936.

References


