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Abstract

Background Biomarkers of left atrial (LA) overload are considered factors affecting the efficacy of
atrial fibrillation (AF) treatment. Increasing obesity rates contribute to a growing number of obese patients
qualified for electrical cardioversion (CVE).
Aims The aim of the study was to evaluate serum concentrations of biomarkers of LA overload and their
impact on the efficacy of CVE.
Methods A total of 82 patients with persistent AF who underwent successful CVE were prospectively
enrolled in the study. The study population was divided into the obese group (OG) and the nonobese
group (NOG). The serum levels of the following biomarkers were measured on the day of admission and
at follow‑up: high‑sensitivity C‑reactive protein (hs-CRP), N‑terminal pro‑ B-type natriuretic peptide,
copeptin, galectin 3, growth differentiation factor 15 (GDF‑15), and renalase.
Results Baseline and follow‑ up hs-CRP levels were increased in the OG compared with the NOG.
Four‑week CVE efficacy was 38.8% in the OG and 60.6% in the NOG. Time of the observation, allocation
to the groups, and CVE outcomes showed no associations with most LA biomarkers during follow-up.
Baseline concentrations of 2 biomarkers of LA overload were associated with clinical characteristics of
the study group, that is, log10 serum GDF‑15 and log10 serum renalase levels correlated positively with
the CHA 2DS2‑VASc score.
Conclusions Although obesity modifies the long‑term efficacy of CVE, the OG and NOG did not differ
significantly in most biomarkers of LA overload, except hs-CRP. The efficacy of CVE seems to be independent
of the levels of biomarkers. A favorable procedure outcome did not affect their blood concentrations.

Introduction Biomarkers of left atrial (LA)
overload are a heterogenous group of proteins, se‑
rum levels of which increase in some cardiovascu‑
lar conditions such as atrial fibrillation (AF). Na‑
triuretic peptides, markers of myocardial fibro‑
sis and inflammation as well as biomarkers of he‑
modynamic stress are the main proteins related
to LA overload. Their increased serum levels are
supposed to affect not only the prevalence of ar‑
rhythmia but also the efficacy of AF treatment.1‑3
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The prevalence of obesity increases every
year; therefore, those with an increased body
mass index (BMI) constitute a large group of pa‑
tients with AF.4 Some studies suggest that obe‑
sity could be related to an increase in biomark‑
ers of LA overload. That observation could have
an impact on sinus rhythm restoration outcomes
in this population.5
Taking into account the increasing number of
obese patients with AF, the aim of the study was
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What’s new?

In our study, obese patients had higher serum levels of high‑ sensitivity
C‑reactive protein compared with nonobese individuals, both at baseline and
at follow‑up. The efficacy of electrical cardioversion seems to be independent
of the biomarkers of left atrial overload—a favorable procedure outcome
does not affect their blood concentrations. Serum levels of growth
differentiation factor 15 and renalase reflect thromboembolic risk in patients
with atrial fibrillation.
Table 1 Measurement of serum concentrations of biomarkers of left atrial
overload by enzyme‑ linked immunosorbent assays: the laboratory method
Variable

Sensitivity

Intra‑assay CV, %

Interassay CV, %

hs-CRP, µg/ml

0.001

5.75

12.7

NT‑ proBNP, ng/ml

0.01

<10

<12

Copeptin, pg/ml

10

<10

<12

Galectin 3, ng/ml

0.29

7.5

5.4

GDF‑15, pg/ml

20

6.75

4.25

Renalase, ng/ml

1.31

<10

<12

Abbreviations: CV, coefficient of variation; GDF‑15, growth differentiation factor 15; hs-CRP, high
‑sensitivity C‑ reactive protein; NT‑ proBNP, N‑ terminal pro‑ B-type natriuretic peptide

to evaluate serum concentrations of biomarkers
of LA overload and their impact on the efficacy
of electrical cardioversion (CVE) in obese and
nonobese patients.
Methods A total of 82 patients (30 women
and 52 men; mean [SD] age, 65 [10] years) with
persistent symptomatic AF hospitalized at the
1st Department of Cardiology, Medical Univer‑
sity of Silesia in Katowice, Poland between 2017
and 2019 after a successful CVE were prospec‑
tively enrolled in the study. Exclusion criteria
included: active inflammatory disease, antiar‑
rhythmic treatment with amiodarone, chronic
kidney disease with estimated glomerular filtra‑
tion rate (eGFR) of less than 30 ml/min/1.73 m2,
severe valvular heart disease, left ventricular
(LV) ejection fraction of less than 40%, cardio‑
myopathy, diabetes mellitus treated with insu‑
lin therapy, and morbid obesity (BMI ≥40 kg/m2).
On the day of CVE, patients underwent clin‑
ical examination including measurements of
anthropometric parameters, electrocardiogra‑
phy (ECG), and echocardiography. In addition,
venous blood samples (10 ml) were drawn in
the morning, after an overnight fast on admis‑
sion and at 4‑week follow‑up. Serum and plas‑
ma samples (collected according to the recom‑
mendation of the manufacturer of the kits) were
stored frozen at –70 °C.
Body mass index, which was the discriminat‑
ing factor for the study groups, was 30 kg/m2 or
greater in the obesity group (OG) and less than
30 kg/m2 in the nonobese group (NOG).
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The study was approved by the Bioethical
Committee of Medical University of Silesia (no.
KNW/022/KB1/159/16/17; January 31, 2017)
and was performed in accordance with the eth‑
ical standards of the 1964 Declaration of Hel‑
sinki. Patients qualified for the study gave their
informed consent prior to their inclusion.
Anthropometric measurements

Body mass
morning measurements in light clothing using
a balance beam scale, height measurements us‑
ing a stadiometer, and waist circumference using
a measuring tape were performed on the day of CVE.
Body mass index was calculated by dividing pa‑
tients’ body mass in kilograms by their height
in meters squared. Body surface area was calcu‑
lated with the Mosteller formula.
Biochemical measurements Patients un‑
derwent basic laboratory testing including com‑
plete blood count, electrolyte and creatinine lev‑
els as well as concentrations of lipids and glu‑
cose prior to CVE.
The following biomarkers of LA overload,
including high‑sensitivity C‑reactive protein
(hs-CRP), N‑terminal pro‑B‑type natriuretic pep‑
tide (NT‑proBNP), copeptin, galectin 3, growth
differentiation factor 15 (GDF‑15), and renalase,
were measured in samples collected on the day of
admission to CVE and at 4‑week follow‑up. Se‑
rum concentrations of biomarkers of LA over‑
load were obtained by enzyme‑linked immuno‑
sorbent assays (ELISA). The method sensitivity,
intra‑assay coefficient of variation, and interas‑
say coefficient of variation are presented in Table 1.
Echocardiography Transthoracic echo
cardiography was performed on the day of ad‑
mission by a single experienced investigator us‑
ing Epiq 7G (Philips, Andover, Massachusetts,
United States) with a 2.5‑MHz probe in 2D, M,
and Doppler modes.
Data analysis

Nutritional status was assessed
based on the World Health Organization criteria:
obesity was defined as BMI of 30 kg/m2 or great‑
er, overweight as BMI from 25 to 29.9 kg/m2, and
normal weight as BMI from 18.5 to 24.9 kg/m2.
According to these definitions, patients were di‑
vided into 2 groups: those diagnosed with obe‑
sity (OG) and those with overweight and nor‑
mal weight (NOG).
Persistent AF was defined as arrythmia with
a typical pattern of irregular R-R intervals and
no discernible, distinct P waves observed on ECG,
lasting more than 7 days. Arterial hypertension
was defined as newly recognized hypertension
based on 2 separate measurements that exceeded
140/90 mm Hg during the hospitalization, a pre‑
vious hypertension diagnosis, or the use of any
antihypertensive drug. Diabetes mellitus was
defined as fasting blood glucose levels greater

Table 2 Demographic and baseline clinical characteristics of the obese
and nonobese groups
Variable

OG (n = 49)

NOG (n = 33)

P value

Age, y

64 (10)

66 (10)

0.2

Female

21 (43)

9 (27)

Male

28 (57)

24 (73)

Weight, kg

97 (89–108)

80 (69–85)

<0.001

Height, cm

169 (10)

170 (8)

0.02

BMI, kg/cm2

33.4 (31.9–36.8)

27.1 (24.2–28.7)

<0.001

BSA, m2

2.26 (0.25)

1.91 (0.17)

<0.001

Waist circumference, cm

113.2 (12.7)

96.3 (11.6)

<0.001

CHA 2DS2‑VASc, points

3 (1–4)

3 (1–4)

0.94

EHRA score

2 (2–2)

2 (2–2)

0.77

Platelet count, × 1000/mm3

217.5 (59.1)

224.7 (47.1)

0.69

Hemoglobin
concentration, g/dl

14.3 (1.3)

14.6 (1.6)

0.35

White blood cells, × 1000/mm3

7.1 (1.9)

6.9 (1.8)

0.69

Serum creatinine
concentration, mg/dl

0.98 (0.18)

0.94 (0.15)

0.35

eGFR, ml/min/1.73 m2

75.4 (11.4)

78.8 (9.4)

0.16

Glucose, mg/dl

108 (98–124.8)

100 (92–114)

0.06

Total cholesterol, mg/dl

163.8 (44.9)

176.6 (43.5)

0.21

Low‑ density lipoprotein
cholesterol, mg/dl

86.4 (39.1)

96.2 (38.3)

0.28

High‑ density lipoprotein
cholesterol, mg/dl

50.7 (15)

54.2 (15.7)

0.32

Triglycerides, mg/dl

129 (100–151)

109 (83–157)

0.88

LA anteroposterior
diameter, mm

44.8 (4.9)

42.4 (5.2)

<0.05

LA area, cm2

26.1 (4.2)

24.2 (4.1)

<0.05

LA volume, ml

83.9 (18.1)

75.2 (20.9)

<0.05

LV ejection fraction, %

54.8 (5.4)

57.7 (5.8)

<0.05

LV end‑ diastolic diameter, mm

51.9 (5.4)

48.9 (4.4)

<0.01

LV end‑systolic diameter, mm

33.2 (5.7)

30.4 (4.5)

<0.05

LV end‑ diastolic volume, ml

133.8 (36.5)

110.3 (27.5)

<0.01

LV end‑systolic volume, ml

60.1 (19.9)

47.5 (14.8)

<0.01

Sex, n (%)

0.15

Basic laboratory test

Transthoracic echocardiography

Rate control and nonamiodarone antiarrhythmic therapy before CVE
β‑ Blocker therapy, n (%)

42 (85.7)

23 (69.7)

0.09

Sotalol therapy, n (%)

2 (4.8)

5 (15)

0.1

Propafenone therapy, n (%)

2 (4.1)

3 (9.1)

0.39

CVE efficacy at 4‑week follow
‑up, n (%)

19 (38.8)

20 (60.6)

<0.05

Data are presented as mean (SD) or median (interquartile range) unless indicated otherwise.
Abbreviations: BMI, body mass index; BSA, body surface area; CVE, electrical cardioversion;
eGFR, estimated glomerular filtration rate; EHRA, European Heart Rhythm Association; LA, left
atrial; LV, left ventricular, NOG, nonobese group; OG, obese group
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than 125 mg/dl in 2 separate measurements or
the use of hypoglycemic agents. Impaired fasting
glucose and impaired glucose tolerance were ana‑
lyzed jointly with diabetes mellitus. The Cockcroft
‑Gault formula was used to calculate eGFR.
Electrical cardioversion procedure Patients
who were referred for CVE had received a vita‑
min K agonist with adequate anticoagulation con‑
firmed by laboratory testing or a new oral antico‑
agulant (NOAC) for at least 3 weeks. The proce‑
dure was performed under short-acting intrave‑
nous anesthesia. The anterolateral position of pad‑
dles was used both in the first and in subsequent
shocks with no change to the anteroposterior po‑
sition after an unsuccessful shock. The perform‑
ing physician decided on the energy of subsequent
shocks considering patient clinical characteristics
(BMI, FA duration). If CVE was not successful af‑
ter 3 attempts, the procedure was ended.
In order to limit the potent influence of ami‑
odarone on the efficacy of CVE, patients on an‑
tiarrhythmic therapy with that drug were ex‑
cluded from the study. Antiarrhythmic therapy
with amiodarone was not implemented in any
of the patients after CVE. In patients treated
with nonamiodarone antiarrhythmic drugs (so‑
talol, propafenone), the therapy was maintained.
Statistical analysis Statistical analysis was per‑
formed by the Statistica 13.0 (TIBCO Software Inc.,
Palo Alto, California, United States) and StataSE
13.0 (StataCorp LP, College Station, Texas, Unit‑
ed States) software. Statistical significance was
set at a P value below 0.05. All tests were 2‑tailed.
Variables were presented as means (SD) in case of
a normal data distribution, or medians and inter‑
quartile ranges for other distributions, or numbers
and percentages for data in a nominal and ordinal
scale. The distribution of variables was evaluated
by the Anderson–Darling test and the quantile
‑quantile (Q‑Q) plot. The homogeneity of varianc‑
es was assessed by the Levene test. The t test was
done to compare 2 independent groups (according
to BMI ≥30 kg/m2 and BMI <30 kg/m2) for nor‑
mally distributed data, and in case of nonnormal
distribution, the Mann–Whitney test was used.
One‑way and 2‑way analysis of variance (ANOVA)
with repeated measurements were done to assess
the influence of obesity, CVE insufficiency, and time
(follow‑up) on serum levels of biomarkers. In case
of skewed data, the logarithmic transformation of
data was done. For nonparametric data, the χ2 test
was used. Multivariable linear regression with step‑
wise, backward method was used to assess factors
influencing serum levels of the biomarkers.

Results Clinical characteristics of the study
groups The demographic and clinical charac‑

teristics are listed in Table 2. There were no dif‑
ferences in mean age and gender distribution
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Table 3 Serum levels of biomarkers of left atrial overload in the obese group and
the nonobese group at baseline and 4‑week follow‑ up
Variable

OG

NOG

hs-CRP, µg/ml

3.75 (19.1–82.4)

1.78 (0.96–3.15)

NT‑ proBNP, ng/ml

38.48 (21.41–93.91)

42.3 (29.33–97.9)

Copeptin, pg/ml

621.9 (302.5–923.9)

601.5 (278.3–902.3)

Galectin 3, ng/ml

18.02 (14.40–24.90)

15.84 (10.33–27.92)

GDF‑15, pg/ml

1616 (919–2 214)

1491 (1104–3233)

Renalase, ng/ml

9549 (8 520–11 326)

9434 (8855–12 117)

hs-CRP, µg/ml

3.93 (2.43–9.1)

1.95 (0.68–4.74)

NT‑ proBNP, ng/ml

31.38 (22.2–88.6)

29.75 (21.3–50.83)

Copeptin, pg/ml

584.1 (290.9–923.9)

302.5 (212.5–868.2)

Galectin 3, ng/ml

14.4 (8.99–16.56)

15.02 (10.39–21.87)

GDF‑15, pg/ml

1605 (1123–2468)

1750 (1172–3308)

Renalase, ng/ml

9549 (8520–11 326)

9665 (8838–10 828)

or transient ischemic attack. In the study popu‑
lation, 9% of patients were smokers and 1% selfreported alcohol abuse.
There were no significant differences in basic
laboratory measurements between the groups,
including complete blood count, electrolytes
and glucose levels as well as in the lipid profile.
On echocardiography, patients from the OG had
greater left heart dimensions (LV end‑ diastolic
and -systolic diameter, LV end‑ diastolic and
-systolic volumes, LA anteroposterior diame‑
ter, LA area, and LA volume). Moreover, sta‑
tistically significant lower LV ejection frac‑
tion was observed in the OG compared with
the NOG (Table 2).

Baseline

4‑week follow‑ up

Biomarkers of left atrial overload: the obese
group and the nonobese group At base‑

line and at 4‑week follow-up, patients from
the OG had higher hs-CRP levels compared with
the NOG. The differences in other evaluated bio‑
markers were not significant (Table 3).
Biomarkers of left atrial overload: electrical cardioversion ef ficac y, ANOVA
analysis Only 47.5% of patient after a suc‑

Data are presented as median (interquartile range).
Abbreviations: see Tables 1 and 2

between the study groups. Patients in both
the OG and NOG were symptomatic (medi‑
an EHRA score, 2 in the OG and NOG), with
high risk of thromboembolism (median
CHA 2DS2‑VASc score, 3 in the OG and NOG),
and with no differences in the most common
comorbidities and used medicaments. Antico‑
agulant therapy was administered according
to the European Society of Cardiology guide‑
lines6 : dabigatran was used in 40%, rivaroxa‑
ban in 34%, acenocoumarol in 20%, warfarin
in 3%, and apixaban in 3% of patients. The fre‑
quency of concomitant diseases was as follows:
92% of included patients had atrial hyperten‑
sion, 52%, hyperlipidemia, 33%, diabetes mel‑
litus, and 28%, coronary artery disease. Nearly
14% of patients had already experienced stroke

Table 4

cessful sinus rhythm restoration were free of
arrhythmia at 4‑week follow‑up. The efficacy
of CVE reached 38.8% in the OG and 60.6% in
the NOG (P <0.05) (Table 2). The time of the obser‑
vation (baseline vs 4‑week follow‑up), allocation
to the groups (OG vs NOG), and CVE outcomes
(efficient vs inefficient) did not have an impact
on the concentration of most biomarkers of LA
overload (Table 4).
A significant reduction in the galectin 3 lev‑
el after CVE (mean [SD], 23.29 [20.15] pg/ml
vs 14.59 [7] pg/ml; P <0.001) was observed in
the whole population enrolled in the study (Table 4).
The analysis in the sex‑ divided subgroups re‑
vealed significant differences in serum galectin 3
concentrations between baseline and follow
‑up measurements in the male subpopulation
(P <0.01). A lower galectin 3 concentration at
follow‑up was found in men, independently

Biomarkers of left atrial overload in patients undergoing CVE: the analysis of variance

Variable

ANOVA at baseline

ANOVA with repeated measurements

OG vs NOG

CVE efficacy

P for interaction

Time

Time / OG vs NOG

Time / CVE efficacy

P for interaction

hs-CRP, µg/ml

<0.001

0.86

0.08

0.63

0.68

0.36

0.53

NT‑ proBNP, ng/ml

0.89

0.09

0.52

0.35

0.33

0.93

0.77

Copeptin, pg/ml

0.3

0.5

0.31

0.11

0.2

0.18

0.54

Galectin 3, ng/ml

0.72

0.16

0.19

<0.001

0.09

0.54

0.86

GDF‑15, pg/ml

0.49

0.41

<0.05

0.17

0.69

0.64

0.51

Renalase, ng/ml

0.51

0.48

<0.05

0.15

0.72

0.97

0.84

Abbreviations: see TableS 1 and 2
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from the efficacy of CVE (P <0.05). There were
no statistically significant relations in the fe‑
male subpopulation.
Biomarkers of left atrial overload: regression
analysis For each biomarker, the multivariable

backward stepwise linear regression was done.
The baseline model included: gender, age, BMI,
EHRA, and CHA 2DS2-VAS score, LA anteropos‑
terior diameter, LA volume index (LAVI), LV ejec‑
tion fraction, LV end‑diastolic and end‑systolic di‑
ameters, hemoglobin concentrations, white blood
cell and platelet counts, eGFR, levels of glucose,
low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, and triglycerides.
Increased serum hs-CRP levels were associat‑
ed with BMI, LAVI, and decreased, with female
sex, LA anteroposterior diameter, and hemoglo‑
bin concentration. Our results revealed that in‑
creased serum NT‑proBNP concentrations were
associated with female sex and eGFR, and de‑
creased, with platelet count. Increased serum
GDF‑15 concentrations were associated with
female sex and CHA 2DS2-VAS score (P <0.01),
and decreased with BMI and LAVI. Serum re‑
nalase levels increased with CHA 2DS2-VAS and
decreased with ESD. None of the analyzed fac‑
tors were in a statistically significant relation
with serum galectin 3 concentrations (Table 5).
Discussion This study showed that obese pa‑
tients with AF undergoing CVE had higher se‑
rum hs-CRP levels compared with nonobese par‑
ticipants without significant differences in other
evaluated biomarkers. In our study, the 4‑week
CVE efficacy was relatively low with worse pro‑
cedure outcomes in the OG. However, no signif‑
icant differences were observed in serum levels
of the LA biomarkers measured between pa‑
tients with efficient and inefficient procedures
either at baseline or 4‑week follow‑up. More‑
over, the analysis did not reveal significant dif‑
ferences in the change of biomarkers between
the patients with efficient CVE compared with
patients with AF recurrence. Serum concentra‑
tions of biomarkers corresponded to different
clinical variables; however, the most important
finding seems to be the positive correlation be‑
tween GDF‑15 and renalase levels and thrombo‑
embolic risk in the CHA 2DS2‑VASc score.
In our study, the most commonly used an‑
ticoagulant was dabigatran, which confirms
the dominant role of NOACs in the management
of patients with AF. According to the study by
Janion‑Sadowska et al7 NOACs are increasingly
used instead of vitamin K antagonists.
The observation regarding higher serum
hs-CRP levels in patients with BMI of 30 kg/m2 or
greater compared with nonobese individuals con‑
firms previous outcomes.8-10 Most data suggest
that obesity is the major factor associated with
ORIGINAL ARTICLE

elevated C‑reactive protein. In the population
‑based cross‑sectional study by Aronson et al,11
a total of 1929 patients underwent laboratory
testing, which revealed significantly higher se‑
rum C‑reactive protein concentrations in obese
patients with metabolic syndrome.
In our study, the efficacy of CVE was not re‑
lated to serum hs-CRP concentrations. This ob‑
servation does not correspond with previous
studies. A meta‑analysis by Yo et al12 including
347 patients revealed that hs-CRP levels great‑
er than the cutoff point were an independent
risk factor of AF recurrence after CVE. More‑
over, a high preablation hs-CRP level could be
a marker for AF recurrence after pulmonary
vein isolation.13 It should be noted that inflam‑
mation was an exclusion criterion in our study,
which may explain our results.
Some studies suggested that elevated
NT‑proBNP levels, which is a peptide taking part
in fluid homeostasis, could be a predictor of AF re‑
currence after restoring sinus rhythm. In a study
by Zografos et al,14 low preprocedural NT‑proBNP
levels were associated with long‑term CVE effi‑
cacy. In the randomized trial by Andersson et al1
including 199 patients qualified for CVE, the NT
‑proBNP cutoff of 500 ng/l predicted AF recur‑
rence in 30 days after restoring sinus rhythm. In
our study, an elevated serum concentration of
NT‑proBNP was observed in the OG and the NOG
at baseline as well as at 4‑week follow‑up. Despite
those observations, CVE efficacy did not affect
serum NT‑proBNP levels.
Taking into account previous data, the study
evaluated serum levels of copeptin, a stable
fragment of provasopressin. In the study by
Yildrim et al,15 copeptin was an independent
predictor of some cardiovascular complications
such as contrast‑induced nephropathy observed
in patients after percutaneous coronary inter‑
vention in ST‑segment elevation myocardial in‑
farction. Moreover, copeptin seems to predict
adverse cardiac events not only in coronary ar‑
tery disease but also in heart failure.16,17 Never‑
theless, its role in AF is uncertain. In our study,
the serum copeptin concentration was not re‑
lated to obesity nor to CVE inefficacy.
Galectin 3, one of the most explored markers
of myocardial fibrosis, could be used to detect
paroxysmal AF. A study by Selcoki et al18 showed
that serum galectin 3 levels were significantly
elevated in patients with arrhythmia. In a study
by Kocyigit et al19 including 65 patients with AF,
galectin 3 was proved as a predictor of throm‑
bogenicity. In our study, serum galectin 3 levels
measured 4 weeks after CVE were significant‑
ly lower compared with baseline, irrespective of
the obesity status or success of CVE.
GDF‑15, a stress‑responsive cytokine, which
plays an important role in regulating inflamma‑
tory pathways and is involved in the apoptosis
process, cell repair, and cell growth, is considered
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Table 5

Results of linear stepwise, backward linear regression: factors affecting concentrations of biomarkers of left atrial overload
log10 hs-CRP

Variable

log10 NT‑ proBNP

log10 copeptin

log10 GDF‑15

log10 renalase

β coefficient (95% CI)

P value

β coefficient (95% CI)

P value

β coefficient (95% CI)

P value

β coefficient (95% CI)

P value

β coefficient (95% CI)

P value

–0.32 (–0.63 to –0.01)

<0.05

0.36 (0.06–0.66)

0.05

–

–

0.18 (0.02–0.34)

0.05

–

–

0.06 (0.03–0.09)

<0.01

–

–

–

–

–0.01 (–0.03 to –0.001)

0.05

–

–

EHRA ≥3

0.3 (–0.04 to 0.64)

0.08

–

–

–

–

–

–

–

–

CHA 2DS2‑VASc, points

–

–

–

–

–

–

0.09 (0.03–0.15)

<0.01

0.04 (0.02–0.06)

<0.001

LA anteroposterior
diameter, mm

–0.04 (–0.07 to –0.004)

0.05

–

–

–

–

0.01 (–0.0003 to 0.03)

0.05

–

–

LAVI, ml/m2

0.02 (0.003–0.03)

0.05

–

–

–

–

–0.01 (–0.02 to –0.003)

<0.05

–

–

LV end-diastolic
diameter, mm

–

–

–

–

0.03 (0.0002–0.05)

<0.05

–

–

–

–

LV end-systolic
diameter, mm

–

–

–

–

–0.03 (–0.05 to –0.003)

<0.05

–

–

–0.004 (–0.01 to 0.01)

0.09

Hemoglobin
concentration, g/dl

–0.11 (–0.22 to –0.004)

0.05

–

–

–

–

–

–

–

–

Platelet count, × 1000/mm3

–

–

–0.002 (–0.003 to –0.0002)

0.05

–

–

–

–

–

–

eGFR, ml/min/1.73 m2

–

–

0.15 (0.01–0.29)

<0.05

–

–

–

–

–

–

Glucose, mg/dl

–

–

–0.003 (–0.006 to 0.0001)

0.06

0.003 (–0.0001 to 0.005)

0.06

–

–

–

–

Triglycerides, mg/dl

–

–

0.003 (–0.0001 to 0.005)

0.05

–

–

–

–

–

–

R2

0.35

Female sex
BMI, kg/cm

2
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Abbreviations: LAVI, left atrial volume index; others, see TableS 1 and 2

0.19

0.09

0.28

0.29

a prognostic risk factor for cardiovascular com‑
plications.20 In a study by Hu et al 21 including 894
patients with nonvalvular AF without anticoag‑
ulation, elevated serum GDF‑15 levels were asso‑
ciated with a higher risk of LA appendage throm‑
bus. In logistic regression analysis, after adjust‑
ing for potential clinical characteristics, GDF‑15
was an independent risk factor for LA append‑
age thrombus, with the cutoff value reaching
809.9 ng/l. On the other hand, elevated serum
GDF‑15 levels remained significantly associat‑
ed with major bleeding and all‑cause mortality,
but not stroke in the RE‑LY (Randomized Eval‑
uation of Long‑Term Anticoagulation Therapy)
trial.22 Considering the abovementioned stud‑
ies, it seems that the correlation of high serum
GDF‑15 concentrations with an increased throm‑
boembolism risk in the CHA 2DS2‑VASc score
is of importance in our analysis. On the other
hand, CVE outcomes did not have significant
impact on serum GDF‑15 levels. High concen‑
trations of serum GDF‑15 exceeding the cutoff
value of 809.9 ng/l suggested as a predictor of
LA appendage thrombus were observed both in
the OG and NOG.
According to the new promising studies, low
serum levels of renalase, an enzyme that is in‑
volved in catecholamine metabolism, correlates
with an increased risk of AF recurrence after pul‑
monary vein isolation. Its impact on CVE out‑
comes was not evaluated previously.2 3 In our
study, the relation between serum renalase con‑
centrations and sinus rhythm maintenance was
not confirmed; however, high renalase levels cor‑
related with an increased thromboembolic risk.
Besides the biomarkers of LA overload, adi‑
pokines, which are a group of cytokines secret‑
ed by adipose tissue, are also related to an ele‑
vated arrhythmic risk. A constant low‑grade in‑
flammation and fibrosis of LA mediated by adi‑
pokines secreted mostly by visceral adipose tis‑
sue play an important role in AF pathogenesis.
Based on previous research,24 adipokines and
irisin, a myokine involved in energy expendi‑
ture and glucose tolerance, exert a significant
but weak effect on echocardiographic parame‑
ters and affect the risk of AF. Anaszewicz et al 24
analyzed the association of the levels of leptin,
adiponectin, tumor necrosis factor α (TNF‑ α),
and irisin with AF. The study revealed that pa‑
tients with AF had higher serum leptin levels
and lower levels of adiponectin and TNF‑ α. Af‑
ter indexation to the body surface area, fat mass,
and visceral obesity, the serum irisin concentra‑
tion was also lower in patients with arrhythmia
(OR, 1.02; 95% CI, 1.01–1.03; P <0.01). The risk of
AF was related to serum leptin concentrations
with stronger correlation after indexation to fat
mass (OR, 1.34; 95% CI, 1.01–1.81; P <0.05). Both
irisin and adipokine levels were dependent on
echocardiographic parameters, but the correla‑
tion with irisin was the strongest.
ORIGINAL ARTICLE

Limitations A limited number of enrolled
patients was the main limitation of the study.
Other clinical situations affecting serum bio‑
markers concentration, except obvious inflam‑
mation, could confound the interpretation of
the results.
Using BMI as the only measure to determi‑
nate obesity is not faultless. It does not account
for the overall body composition as well as ex‑
act body fat content and its distribution. The dis‑
cussed index is unreliable in individuals with ex‑
tensive muscle mass or in patients with severe
edema. Recent studies suggest that individuals
with the same BMI could significantly differ in
fat tissue content which results in their cardio‑
vascular risk heterogeneity.
Although the World Health Organization def‑
inition of obesity is based on BMI, other anthro‑
pometric parameters should also be considered.
It has been proven that waist circumference and
waist‑to‑hip ratio have an even stronger corre‑
lation with cardiovascular risk than BMI. Waist
circumference and waist‑to‑hip ratio are sub‑
stantially dependent on the content of viscer‑
al fat tissue, which is a highly metabolically ac‑
tive tissue responsible for increased risk of car‑
diovascular complications.25
Summary Although obesity modifies the longterm nonsatisfied efficacy of CVE, patients with
BMI of 30 kg/m2 or greater did not significantly
differ in most of the LA biomarkers from the pa‑
tients without obesity. The efficacy of CVE seems
to be independent of levels of biomarkers of LA
overload. Moreover, a favorable procedure out‑
come does not affect their blood concentration.
Elevated serum GDF-15 and renalase concentra‑
tions in patients with AF reflect higher throm‑
boembolic risk in CHA 2DS2-VASc score.
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