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ABSTRACT

BACKGROUND The endocrine function of adipose tissue and skeletal muscles mediates the risk
of cardiovascular complications of obesity.

AIMS The aim of this study was to determine the associations of leptin, adiponectin (ADA), tumor necrosis
factor a (TNF-a), and irisin levels with the diagnosis of atrial fibrillation (AF) on admission to the hospital as
well as parameters of transthoracic echocardiography among inpatients with cardiovascular diseases (CVDs).
METHODS The study included 80 consecutive patients hospitalized due to paroxysmal or persistent AF
and a control group of 165 age- and sex-matched individuals admitted due to exacerbation of chronic
CVD.Inall participants, we assessed serum leptin, ADA, TNF-a, and irisin concentrations, body composition
determined by bioelectrical impedance analysis, and transthoracic echocardiographic parameters.
RESULTS Compared with controls, patients with AF had greater fat mass (FM), higher serum leptin levels
and lower levels of ADA, TNF-a, and irisin when indexed to body surface area, FM, and visceral adiposity.
Hyperleptinemia slightly increased the risk of AF (odds ratio [OR], 1.02; 95% CI, 1.01-1.03; P <0.01).
The correlation was stronger after indexation to FM (OR, 1.34; 95% CI, 1.01-1.81; P<0.05). The coefficients
of significant correlations with echocardiographic parameters were stronger for irisin than for
adipocytokines: 0.16 to 0.35 and 0.12 to 0.22, respectively.

CONCLUSIONS Adipocytokines and irisin exert a significant but weak effect on heart chamber size and
affect the risk of AF occurrence. Their blood concentrations do not seem to be related simply to body
composition but probably depend on individual variations in adipocytokine and myokine secretion
as a result of numerous factors.

INTRODUCTION There is evidence for an as-
sociation between nutritional status and an in-

to as the “obesity paradox” or “lean paradox.”
Recently discussed issues concerning the rela-

creased risk of cardiovascular disease (CVD),
including atrial fibrillation (AF).""® Howev-
er, among patients with CVD, overweight and
class 1 obesity (BMI <£30; <35 kg/m?) are also
related to better prognosis, which is referred
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tionships between nutritional status and the
risk of CVD include the limitations of body mass
index (BMI) for cardiometabolic risk stratifica-
tion, the importance of individual variance in
adipose tissue distribution, and the concepts of
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WHAT’'S NEW?

Blood concentrations of adipocytokines, hormones secreted by adipose tissue,
are considered to link obesity with cardiovascular disease (CVD). However,
in our study, they were only weakly related to the risk of atrial fibrillation (AF).
We also found only weak correlations between blood adipocytokine
concentrations and both the body composition and echocardiographic
parameters. Circulating irisin, a substance secreted by skeletal muscles,
showed a stronger correlation with the risk of AF and echocardiographic
parameters than the adipocytokines. The weak correlations between the
parameters of body composition and circulating adipocytokines and irisin
suggest the presence of disturbances in the requlation of their secretion
among patients with AF and other CVDs.
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“metabolically healthy obesity” and the “fat but

fit” phenomenon.*’ A potential pathomecha-
nism linking body composition with CVD risk
is inflammation'#° as well as an imbalance
in the secretion of various adipocytokines and
myokines produced in adipose tissue and skel-
etal muscles, respectively."”'" However, studies
reported thus far in the literature provide am-
biguous conclusions concerning the role of the
endocrine function of adipose tissue and skel-
etal muscles in relation to AF risk.*?? For ex-
ample, adiponectin (ADP) has been shown to
have antidiabetic, antiatherogenic, and anti-
-inflammatory properties in experimental stud-
ies."> Nevertheless, the outcomes of clinical
studies concerning the relationship between
blood ADP concentrations and CVD risk are am-
biguous.”'® Leptin exerts proinflammatory and
profibrotic activities,'”?"?* which can affect AF
risk by causing electrical and structural heart re-
modeling and disturbances in cardiac and vas-
cular function.'0%21303" However, not all stud-
ies confirm these effects of leptin.?%22425 Sim-
ilarly, there is currently no evidence on cardio-
vascular effects of increased blood levels of tu-
mor necrosis factor a (TNF-a), a cytokine with
proinflammatory and profibrotic activity that
is secreted mainly through adipose tissue.””??
Irisin, a myokine, potentially exerts a favor-
able effect on the cardiovascular system,®? but
data concerning its relationships with CVD and
AF risk are scarce.

In this study, we aimed to determine the as-
sociations between blood concentrations of se-
lected adipocytokines (leptin, ADP, and TNF-a)
as well as a myokine (irisin) and the diagnosis
of AF on admission to the hospital, body com-
position, and transthoracic echocardiograph-
ic parameters. We also evaluated the risk of
AF on admission associated with blood leptin,
ADP, TNF-q, and irisin concentrations among
patients with CVD.

METHODS Patients This observational study
included 80 consecutive patients hospitalized
due to paroxysmal or persistent AF. The control
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group consisted of 165 consecutive inpatients
with no history of AF and no indication of AF
on admission electrocardiogram (ECG), who
were hospitalized for exacerbation of several
forms of CVD, such as a shortening of claudi-
cation distance, angina pectoris, and hyperten-
sion. The exclusion criteria for both groups were
a history or clinical signs of inflammatory pro-
cesses or malignancy, lack of informed consent
for participation in the study, and an implanted
mechanical valve, cardioverter, or cardiostim-
ulator. At least 1 year following discharge, all
participants (or their relatives) took part in a
standardized telephone interview conducted
by the same physician.

Determination of adipocytokine and irisin
levels Serum leptin, ADP, TNF-q, and iri-
sin levels were measured using enzyme-linked
immunosorbent assay kits (leptin, cat. no.
11-LEPHU-EO1, ALPCO, Salem, Massachusetts,
United States; ADP, cat. no. 80-ADPHU-EO01,
ALPCO; TNF-q, cat. no. CSB-E04740h, CUSA-
BIO, Houston, Texas, United States; irisin, cat.
no. RAG018R, BioVendor, Brno, Czech Repub-
lic). All parameters were determined in accor-
dance with the manufacturers’ instructions and
indexed to adjust for the effect of differences in
body composition between the AF and control
groups (TABLEY).

Parameters of nutritional status assess-
ment Nutritional status was assessed for all
study participants. Body composition was de-
termined using a bioelectrical impedance anal-
ysis (BIA) and a TANITA BC-420 MA device
(TANITA Corporation, Tokyo, Japan). The fol-
lowing BIA parameters were analyzed: fat mass
(FM) (%, kg); visceral adipose tissue (VAT) score
(range, 1-59); fat-free mass (kg); and skeletal
muscle mass (%, kg).

Parameters of transthoracic echocardiogra-
phy Echocardiography was performed in all
participants on admission by the same experi-
enced cardiologist, using an Aplio transthorac-
ic ultrasound device (TOSHIBA, Canon, Tustin,
California, United States) and a 2- to 5-MHz ra-
dial probe. The following echocardiographic pa-
rameters were analyzed: left ventricular end-
-diastolic dimension (LVEDD), interventricular
septum thickness (IVST) at end diastole, poste-
rior wall thickness (PWT), left ventricular ejec-
tion fraction (LVEF), left ventricular mass (LVM),
as well as left atrial area (LAA) and left atrial
volume (LAV) in the apical 4- and 2-chamber
views (LAA4, LAV4 and LAA2, LAV2, respective-
ly). The LVM, LAA2, LAA4, LAV2, and LAV4 were
indexed to body surface area (BSA) to obtain the
LVM, LAA, and LAV indices. The biplane 2-di-
mensional method of disks (modified Simpson’s
rule) in apical 4- and 2-chamber views was used



TABLE1 Clinical characteristics of patients with atrial fibrillation and controls to assess LVEF. Left ventricular mass was calcu-
lated using the following formula: LVM (g) = 0.8
Parameter Atrial fibrillation  Control group  Pvaluec x {1.04 x ([LVEDD + IVST + PWT]? - LVEDD?)} +

(n=280) (n=165)
Age, y, median (D) 69.50 (8.87) 69.21(9.29) 0.81 the following formula: BSA (m?) = 0.01666667

0.6. Body surface area was calculated using

x height®® x body mass®.

Male sex, n (%) 41 (51.3) 88 (53.33) 0.88
Smoking, past/current, n (%)  8(10.0)/ 56(33.94)/ <0.01 Ethical approval The study was conduct-
30(37.5) 77(46.67) ed in compliance with the Declaration of Hel-
Diabetes mellitus, n (%) 30 (37.5) 72 (43.64) 0.58 sinki for medical research, after receiving per-
) mission from the local bioethics committee

Dyslipidemia, n (% 70(87.5 146 (88.48 0.82
ystip (%) (87.5) ( ) (No. 389/2015). Each patient gave written con-

Hypertension, n (%) 68 (85) 141 (8545) 0.92 sent to participate in the Study_

History of myocardial 8(10) 50 (30.3) 0.02
infarction, n (%) Statistical analysis Statistical analysis was
CHA,DS VASC score?, 316 (1.56) 4,09 (1.61) <001 conducted using a hcens'ed version of the STA-
median (SD) TISTICA software, version 13.1 (TIBCO Soft-
BMI ka/m. median (SD 3126 (6.07 2732491 001 wares, Palo Alto, California, United States). The
- kg/m?, median (SD) -26(6.07) 32497 : normal distribution of the study variables was
BMI range®, <18.5/ 0/10(12.5)/ 0/45(27.27)/  <0.01 checked using the Shapiro-Wilk test. The results
1265I:2;1rﬁ29 {12(5/')29'99/ 25(31.25)/ 79 (47.88)/ were mainly presented as the mean (SD), medi-
g/menth 45 (56.25) 41(24.85) an (interquartile range), or number (percentage).
Central adiposity in reference 54 (67.50) 80 (48.48) <0.01 The significance of differences between groups

to WHtR, n (%) was verified using the t test, Mann-Whitney
test, and 2-tailed x? test. Alogit model using the

o :
FM, %, median (SD) 36.20(3.56) 30.55(9.37) <0.01 Generalized Linear/Nonlinear Models module
FM, kg, median (SD) 32.59 (12.46) 23.65(10.02) <0.01 was used to determine the odds ratios (ORs) and
SMM, kg, median (SD) 36.15(5.34) 39.40 (5.44) <0.01 95% CI as parameters of the risk of AF occur-

rence associated with unitary changes (eg, per
VAT score, median (SD) 15.43 (4.87) 12.25(3.82) <0.01

1 pg/ml) in blood adipocytokine and myokine

LVEDD, mm, median (SD) 50.65 (7.34) 46.61(9.50) <0.01 concentrations. Spearman correlations were as-
sessed to determine the relationships between

IVST at end diastole, mm, 12.01(1.82) 11.19 (1.81) <0.01

median (SD) adipocytokine and irisin levels and the parame-
- ters of transthoracic echocardiography and body
LVEF, %, median (SD) 23.44(10.42) 29.77(10.15) <0.01 composition. The significance level was set at a
LAV4, mm3, median (SD) 106.16 (36.02) 70.86 (24.94) <0.01 P value of less than 0.05.
LAVI, mm3/m2, median (SD) 52.86 (19.45) 3778 (12.2) <0.01
LVM, g, median (SD) 246.50 (81.27) 196.09(69.29)  <0.01 RESULTS Clinical characteristics Compared
LVMI, g/m2, median (SD) 121.22 (35.54) 104.51(32.43)  <0.01 with the control group, patients with AF signif-
, icantly less often were smokers, less often had
ACEIS, n (%) 49(61.25) 112(67.88) 067 coronary artery disease, and more often had obe-
B-Blockers, n (%) 71(88.75) 125 (75.76) <0.01 sity, especially in terms of abdominal adiposity
Statins, n (%) 52 (65) 165 (100) <0.01 (1nc.reased waist-to-height ratio). They also had
ahigher FM and VAT score as well as lower skel-
Anticoagulants, VKAs/ 42(52.5)/ 1(0.61)/ <0.01 etal muscle mass (TsLe1). Moreover, they had a
NOACs, n (%) 38 (47.5) 2(1.21)

greater LVEDD, IVST, LAV, LAV index (calcu-
lated as the ratio of LAV to BSA), LVM, LVM in-
dex, and lower LVEF (8Lt1). Finally, they signif-
icantly more often used B-blockers and antico-
b According to World Health Organization agulants and less often took statins compared
with controls.

a Congestive heart failure, hypertension, age >75 years, diabetes mellitus, history of stroke
or thromboembolism, vascular disease, age 65-74 years, female sex

¢ Mann-Whitney test or 2-tailed x?test

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; BMI, body mass index; FM, fat mass; Parameters of endocrine function of adipose
IVST, interventricular septum thickness; LAV4, left atrial volume calculated in 4-chamber view; LAVI, ti d skeletal I c d with
left atrial volume index; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular Issue and skeletal muscie ompared wit

ejection fraction; LVM, left ventricular mass; LVMI, left ventricular mass index; NOAC, non-vitamin K the control group, patients with AF had high-
antagonist oral anticoagulant; SMM, skeletal muscle mass; VAT, visceral adipose tissue; WHO, World er blood levels of leptin and of leptin adjust-

Health Organization; WHtR, waist-to-height ratio; VKA, vitamin K antagonist ed for BSA (1asLE2). They also had lower ratios
of ADP to leptin levels and ADP to C-reactive
protein (CRP) levels. Finally, they had lower
ADP and TNE-alevels indexed to BSA, FM, and
VAT score.
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TABLE2 Blood adipocytokine and irisin concentrations and their selected
indexed values in patients with atrial fibrillation and controls

Parameter

Atrial fibrillation

(n=280)

Control group
(n=165)

Pvalue?

Leptin, pg/ml 36.94 (18.26-86.61) 18.34(8.84-45.22) <0.01
Leptin-to-BSA ratio 19.20 (8.78-40.86) 9.77 (5.00-24.75) <0.01
Leptin-to-FM ratio 1.17 (0.64-2.1) 0.91(0.48-1.91) 0.88
Leptin-to-VAT ratio 2.57(1.12-5.61) 1.51(0.76-4.4) 0.14
ADP, pg/ml 4.86 (1.60-12.64) 5.76 (3.16-10.95) 0.18
ADP-to-BSA ratio 2.29(0.85-6.12) 3.03(1.67-5.47) 0.11
ADP-to-leptin ratio 0.11(0.03-0.30) 0.28(0.10-0.71) 0.01
ADP-to-CRP ratio 1.29(0.21-5.63) 2.17(0.65-6.75) 0.02
ADP-to-FM ratio 0.15(0.05-0.39) 0.25(0.14-0.53) 0.04
ADP-to0-VAT ratio 0.29(0.10-0.85) 0.49 (0.26-0.93) 0.03
TNF-a, pg/ml 22.61(6.04-45.71) 30.83(7.57-63.72) 0.77
TNF-a-to-FM ratio 0.72(0.21-1.64) 1.31(0.47-2.84) 0.01
TNF-a-to-VAT ratio 1.52(0.44-3.6) 2.57(0.83-4.9) 0.04
Irisin, pg/ml 10.92(7.90-13.86) 11.15(7.38-16.82) 0.17
Irisin-to-BSA ratio 5.43(3.85-7.24) 6.05(3.94-8.82) 0.02
Irisin-to-FM ratio 0.35(0.24-0.48) 0.54(0.33-0.81) 0.01
Irisin-to-VAT ratio 0.79(0.47-0.98) 0.93(0.60-1.51) <0.01
Irisin-to-SMM ratio 0.34(0.24-0.48) 0.40(0.26-0.61) 0.03

Data are presented as median (interquartile range).

a Mann-Whitney test

Abbreviations: ADP, adiponectin; BSA, body surface area; CRP, C-reactive protein; TNF-a, tumor
necrosis factor a; others, see TABLE 1
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Adipocytokines, irisin, body composition, and

echocardiographic parameters We found sig-
nificant correlations of blood adipocytokine and
irisin concentrations, both in relation to their
crude and adjusted values, with parameters of
transthoracic echocardiography and body com-
position (data not shown). The correlations were

mostly positive for blood leptin concentrations

and negative for ADA, irisin, and TNF-q, ex-
pressed as crude values and as values indexed to

BSA and FM. However, the blood concentrations

of the adipocytokines and irisin explained no

more than 12.3% of the variance in the echocar-
diographic parameters (the correlation coefficients

were 0.12 to 0.22 for adipocytokines and 0.16 to

0.35 for irisin). The strongest correlations among
the indexed values were observed for leptin and

TNF-aindexed to BSA as well as for irisin indexed

to FM. However, the parameters of body compo-
sition explained only 25% on average of the vari-
ance in the adipocytokine and myokine levels.

Adipocytokines, irisin, and the risk of atrial
fibrillation Using a logistic regression model,
we confirmed significant associations between
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the risk of AF on admission and leptin, ADA,
TNE-q, and irisin levels (FiGure 1). The AF risk in-
creased with increasing blood leptin concen-
trations (by 2%), blood leptin concentrations
indexed to BSA (by 2%), and blood leptin con-
centrations indexed to FM expressed as a per-
centage of whole body mass (by 34%). A sig-
nificant reduction in the risk of AF on admis-
sion was linked with increased ratios of ADP to
leptin (by 61%), ADP to CRP (by 4%), ADP to
FM expressed in kg (by 50%), and ADP to VAT
score (by 28%). However, these associations
were weaker than the relationships between the
risk of AF and the indexed values of irisin. The
risk of AF decreased with an increase in the ra-
tio of blood irisin levels to FM expressed in kg
(by 81%) and irisin to VAT (by 67%). No signifi-
cant relationship was found between the crude
value of TNF-a concentrations and AF risk, but
the ratios of TNF-a to FM and TNF-a to VAT
score appear to have a significant inverse rela-
tionship with AF risk (FIGURE1).

DISCUSSION Our prospective observational
study was conducted in a cohort of consecutive in-
patients with AF and a high prevalence of cardio-
metabolic risk factors (18L£1), who were matched
for age and sex with individuals with mild non-
arrhythmic cardiovascular disorders. Compared
with controls, we found that individuals with AF
had significantly higher FM, blood leptin concen-
trations, and leptin-to-BSA ratio. Although an
increase in crude blood leptin concentrations by
1pg/mlincreased AF risk by 2% on average, index-
ing blood leptin concentrations to FM expressed
as a percentage of whole body mass increased the
risk of AF by 34% on average. This may suggest
that the proarrhythmic effect of obesity'*3? does
not simply depend on body composition and adi-
pocytokine levels but mainly on individual differ-
ences in imbalance in the secretive activity of ad-
ipose tissue and skeletal muscles (eg, 1 kg of FM
produced more leptin and less ADA in patients
with AF than in controls). These variations may
be related to genetic factors (eg, gene polymor-
phism), physical activity, adipose distribution
(eg, higher VAT score), sensitivity of adipocyto-
kine receptors, and insulin resistance, the latter
being an important factor leading to hyperlepti-
nemia and a cross-talk between the adipose tis-
sue, skeletal muscles, and liver.""*%2332 We did not
confirm the importance of adipose tissue distribu-
tion on the proarrhythmic effect of visceral obesi-
ty because the measured adipocytokines and iri-
sin indexed to VAT were not associated with the
risk of AF on admission (leptin) or were associat-
ed with a lower reduction in this risk (ADP, TNE-
-q, irisin) than the same parameters indexed to
FM. Nonetheless, our results suggest that high-
er blood leptin concentrations and lower ADP
and irisin levels indexed to FM and VAT may be
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FIGURE 1 Association between the risk of atrial fibrillation on admission and selected crude and indexed blood adipocytokine and irisin concentrations. Fat
mass expressed in percentage (a) or kilogram (b). Data are presented as odds ratio and 95% CI for changes per one unit.

Abbreviations: see TABLES 1 and 2

recognized as markers of a proarrhythmic effect
of obesity and an imbalance in the endocrine
function of adipose tissue and skeletal muscles.
This is in line with the results reported by other
investigators, although they did not analyze in-
dexed values of adipocytokines.!610.1116-18.21,23-33
On the other hand, in the studies by Kim et al,”
Kawada,”? Macheret et al,”” and Barnett and Pic-
cini,” high circulating ADA levels were indepen-
dently associated with an increased risk of AF. In
addition, Ermakov et al*’ did not find any signifi-
cant associations between plasma leptin and ADA
concentrations and the risk of AF.

Our study showed that the adipocytokines and
irisin were weakly correlated with heart enlarge-
ment and body composition. This finding indirect-
ly corroborates the outcomes of other authors. For
example, in a rabbit model, after incubation of iso-
lated left atrial myocytes, Lin et al*' found that
leptin modulates electrophysiological character-
istics and isoproterenol-induced arrhythmogen-
esis in atrial myocytes, which suggests that hy-
perleptinemia may favor AF occurrence. Similar-
ly, it was reported that leptin may take part in the
pathogenesis of atrial fibrosis in ob/ob mice?* and
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Sprague-Dawley rats.” However, in contrast to
the results of our study, Kamimura et al** found
that higher blood leptin concentrations were as-
sociated with lower LVM. In addition, in a study
by Shimano et al,” ADA exerted beneficial effects
on ventricular and atrial remodeling in patients
with AF, and Ybarra et al** found an inverse re-
lationship between ADA and left atrial size inde-
pendent of age, sex, insulin resistance, and LVM.

Limitations Although numerous associations
shown in our study reached significance, we
were unable to avoid limitations that could re-
duce the strength of our results. First, our con-
trol group did not include healthy individuals
as in the majority of studies on the effect of nu-
tritional status on cardiovascular risk. Howev-
er, in our study, we tested the hypothesis that
patients with AF differ from those with other
CVDs with regard to the severity of inflamma-
tion status mediated by adipocytokines (leptin,
ADP, TNF-a) and myokine (irisin).

Second, patients with AF and the control
group differed with regard to potential con-
founding factors (1a8LE7). We enrolled consecutive
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patients with a diagnosis AF on admission to
the hospital, and despite subject matching, dif-
ferences between the groups were impossible
to avoid. To reduce the effect of these differenc-
es, we not only assessed crude values but also
the indexed values of the studied parameters.

Third, we only determined blood irisin con-
centrations in patients after a night’s rest, but
it is known that myokines are secreted after ex-
ercise. Moreover, physical activity was not as-
sessed in our study, while it is a more signifi-
cant predictor of a patient’s prognosis than an
increased BMI value.33

Fourth, patients were included to the control
group based on the lack of history of AF and a
diagnosis of sinus rhythm on ECG on enroll-
ment, without the exclusion of silent AF cas-
es that would be possible with long-term ECG
monitoring prior to the patient allocation to the
study groups.’® This may be the source of an im-
portant bias because it is well known that AF
may include clinically occult arrhythmia and
that the incidence of AF increases with age and
comorbidities, such as smoking and a history of
myocardial infarction, which were more preva-
lent in the control group.

Conclusions Compared with patients without
arrhythmia, patients with AF were more often
obese, had higher crude and indexed blood leptin
concentrations, and lower indexed values of ADA,
TNEF-qa, and irisin. These parameters were signif-
icantly associated with an increased risk of ar-
rhythmia. Leptin, ADA, TNF-q, and irisin were
significant but weak mediators of the obesity ef-
fect on heart remodeling in patients with CVD.
As blood adipocytokine and irisin concentra-
tions were only weakly related to body compo-
sition, the individual variance in their secre-
tion seems to be a potential pathomechanism
explaining the heterogeneous proarrhythmic
effect of obesity.
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