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Abstract: (1) Background and Objectives: Atrial fibrillation (AF) is the most common cardiac arrhythmia
and is associated with increased morbidity and mortality both in the general population and heart
failure patients. Inflammation may promote the initiation, maintenance and perpetuation of AF, but
the impact of inflammatory molecular signaling on the association between AF and heart failure
remains elusive. (2) Materials and Methods: In 111 patients with chronic stable heart failure, baseline
values of conventional (IL-6 and hsCRP) and selected novel inflammatory biomarkers (IL-10, IL-6/IL-
10 ratio, orosomucoid and endocan) were determined. Inflammatory biomarkers were compared
with respect to the presenting cardiac rhythm. (3) Results: Patients aged below 75 years with AF
had significantly higher values of IL-6 and IL-6/IL-10 ratio; IL-6 levels were a significant predictor
of AF in both univariate (OR 1.175; 95%CI 1.013–1.363; p = 0.034) and multivariate logistic regres-
sion analysis when accounting for other inflammatory biomarkers (OR 1.327; 95% CI 1.068–1.650;
p = 0.011). Conversely, there was no association between other novel inflammatory biomarkers and
AF. (4) Conclusions: IL-6 levels and the IL-6/IL-10 ratio are associated with AF in patients with chronic
stable heart failure under the age of 75 years, suggesting that inflammatory molecular signaling may
play a role in the development of AF in the heart failure population.

Keywords: atrial fibrillation; heart failure; interleukin-6; interleukin-6/interleukin-10 ratio; orosomu-
coid; endocan

1. Introduction

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia with gradu-
ally increasing incidence and prevalence globally. It is strongly associated with increased
morbidity and mortality, consequently imposing a significant burden on healthcare re-
sources worldwide [1].

A growing body of evidence has accumulated over the last few decades, indicating
that AF is not only strongly related to a variety of molecular derangements (e.g., Ca2+-
dependent intra-cellular processes, microRNA changes and Na+ channel dysfunction)
but also to inflammatory signaling [2–5]. The latter mainly involves potent inflammatory
signaling molecules, such as interleukin (IL)-6 [6–11] and high-sensitivity C-reactive protein
(hsCRP) [2,3,12]. In particular, IL-6 has been suggested as a promotor of AF development
through electrophysiological and structural changes in cardiomyocytes, which are brought
about by the IL-6 action of NLRP3 inflammasomes and connexin channel-dependent path-
ways [13–16]. Furthermore, several novel inflammatory markers have lately been associated
with the incidence and progression of various cardiovascular pathologies, including heart
rhythm disturbances, such as anti-inflammatory IL-10, orosomucoid (i.e., alpha-1-acid
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glycoprotein, an acute phase protein) and endocan (a soluble chondroitin/dermatan sulfate
proteoglycan, expressed in response to inflammatory cytokines and affecting the expression
of cell adhesion molecules) [17–21].

Today we know that AF is strongly associated with heart failure (HF)—both conditions
often coexist and worsen each other, with AF conferring an increased risk of all-cause
mortality across all HF subtypes [22]. In addition to cardiovascular risk factors, underlying
structural diseases and functional cardiac abnormalities, several other determinants may
contribute to AF in HF populations, including HF-associated inflammation. Although
distinctive molecular pathways related to the abovementioned inflammatory signaling
molecules have been shown to play a significant role in AF onset and progression in non-HF
populations, their study in HF patients with AF has been limited [17,23,24].

Thus, the purpose of this study was to evaluate the relationship between both estab-
lished and novel inflammatory biomarkers and AF in patients with stable chronic HF.

2. Materials and Methods
2.1. Patients, Study Design and Biochemical Analysis

Consecutive patients with chronic stable HF were recruited from the heart failure
outpatient clinic of the Department of vascular diseases of the University Medical Centre
Ljubljana, Slovenia (Figure 1). The methodology of the study was already previously
reported [25,26]. In summary, patients were included if they presented with clinical and
echocardiographic evidence of left ventricular dysfunction (either with a left ventricular
ejection fraction (EF) < 50% according to the Simpson biplane method, or left ventricular
EF > 50% plus a mitral ring E/E′ ratio > 15 or an E/E′ ratio > 8 with the addition of one
of the following: atrial fibrillation, elevated natriuretic peptides or echocardiographic pa-
rameters of diastolic dysfunction on transmitral and pulmonary venous flow patterns) and
were classified in stages II and III according to the New York Heart Association (NYHA)
classification. Only patients with stable chronic HF were included without recent acute car-
diovascular events, such as acute myocardial infarction, stroke or thromboembolic events,
in the previous 3 months prior to inclusion. Additionally, patients with significant liver
(liver transaminase levels > 3× upper normal limit) or renal dysfunction (serum creatinine
> 250 mcg/L), acute or chronic inflammatory diseases or malignancy were excluded.
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At inclusion, a thorough clinical examination, electrocardiogram (ECG) recording,
echocardiographic assessment and blood biochemistry analysis were performed in all
patients. For this study, the patient cohort was divided in two groups according to the
presenting ECG rhythm—either sinus rhythm or AF (including paroxysmal, persistent and
permanent AF). The two groups were compared with respect to patient characteristics (age,
sex, comorbidities and medications), laboratory biomarkers (N-terminal pro-brain natri-
uretic peptide (NT-proBNP), hsCRP, IL-6, IL-10, IL-6/IL-10 ratio, orosomucoid, endocan)
and left ventricular EF.

Venous blood was sampled from the cubital vein in the supine position after 30 min
of rest. The collected blood samples were centrifuged (for 10 min at 3000 RPM and 0 ◦C)
and immediately separated. The analytical methods for the measurement of inflammatory
biomarkers were laser nephelometric technique for hsCRP (Behring Diagnostics, Rarburg,
Germany), enzyme-linked immunosorbent assay (ELISA) for IL-6, IL-10 and orosomucoid
(R&D Systems, Minneapolis, MN, USA) and ELISA for endocan measurement (Lunginnov®

Systems, Lille, France). The study was conducted with the approval of the Ethics Committee
of the Republic of Slovenia (No. 101/02/14) and in compliance with the Declaration of
Helsinki. Written informed consent was obtained from all patients prior to inclusion in
the study.

2.2. Statistical Analysis

The normality of the distribution of continuous variables was assessed with the
Shapiro–Wilk test. Baseline characteristics are presented as means (standard deviation) for
normally distributed continuous variables, as medians (interquartile range, IQR) for non-
normally distributed continuous variables and by frequency (percentage) for categorical
variables. Between-group differences were assessed with the Mann–Whitney U test for
continuous variables because of deviation from the normality of most continuous variables,
and with the Chi-square test for categorical variables. The correlation between presenting
rhythm and predictors was assessed with univariate and multivariate logistic regression
analysis. Logistic regression analysis results are presented as odds ratios (ORs) with the
corresponding 95% confidence intervals (CIs). Subgroup analysis was performed by a
further division of the patient cohort according to age below or over 75 years. An age
cut-off of 75 years was chosen for subgroup analysis to assess the relationship between
inflammatory markers and AF before other age-dependent factors might prevail, since
epidemiological studies have indicated that AF incidence peaks between 75 and 79 years
of age [27]. A two-tailed p-value equal to or below 0.05 was considered as statistically
significant. Statistical analysis was performed using JASP version 0.18.1 (JASP team,
Amsterdam, The Netherlands).

3. Results

The main results can be summarized as follows:

- AF is associated with elevated levels of IL-6 and a higher pro-/anti-inflammatory
IL-6/IL-10 ratio in patients with stable chronic HF under the age of 75 years.

- IL-6 levels were independently associated with AF even after adjusting for other
inflammatory biomarkers.

- There was no association between the novel inflammatory markers orosomucoid or
endocan and AF in patients with chronic stable HF.

A total of 111 patients with chronic stable HF were included in the study and 42.3%
had AF. The majority of patients were male (64.9%). Mean age was 71.2 ± 10.7 years
and the median EF was 35% (IQR 27.5–40%). Patients with AF and sinus rhythm were
well balanced in most baseline characteristics, including NYHA class, comorbidities and
secondary preventive and heart failure medication (Table 1). The only exceptions were the
use of loop diuretics and digoxin, which were more common in patients with AF, and lipid-
lowering therapy with statins, which was more common in patients with sinus rhythm.
The study was conducted before sodium-glucose co-transporter-2 (SGLT-2) inhibitors were
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approved for heart failure patients. With respect to blood biochemistry, patients with
AF had significantly higher values of NT-proBNP (2095 vs. 1352 pg/mL, p = 0.046); the
observed differences in other parameters were not significant.

Table 1. Baseline patient characteristics.

All Sinus Rhythm AF p-Value

Patients (n) 111 64 (57.7%) 47 (42.3%) /
Age (years) 71.2 ± 10.7 69.6 ± 11.4 73.5 ± 9.4 0.116
Sex (male, %) 64.9 68.8 59.6 0.317
AF (%) 42.3 0 100 /
EF (%) 35 (27.5–40) 34 (27–40) 35 (30–40) 0.206
CAD (%) 49.6 54.7 42.6 0.206
CVD (%) 22.5 20.3 25.5 0.515
PAD (%) 19.8 18.8 21.3 0.741
DM (%) 33.3 34.4 31.9 0.786
AH (%) 71.2 73.4 68.1 0.538
HLP (%) 47.7 53.1 40.4 0.186
NYHA I/II/III (%) 3.6/65.8/30.6 6.3/68.8/25.0 0/61.7/38.3 0.095
ACEI/ARB (%) 97.3 98.4 95.7 0.387
Beta blocker (%) 90.1 87.5 93.6 0.287
MRA (%) 50.5 45.3 57.4 0.206
Loop diuretic (%) 64.0 56.3 74.5 0.048
Digoxin (%) 21.6 9.4 38.3 <0.001
Statin (%) 37.8 46.9 25.5 0.022
NT-proBNP (pg/mL) 1697 (705–4353) 1352 (494–4670) 2095 (1423–3992) 0.046
hsCRP (mg/L) 2.7 (1.4–6.6) 2.9 (1.4–6.2) 2.4 (1.4–7.5) 0.988
IL-6 (ng/L) 5.1 (2.5–8.2) 3.9 (2.1–7.6) 6.1 (3.5–8.9) 0.083
IL-10 (ng/L) 11.6 (9.4–13.7) 11.2 (9.0–13.5) 12.1 (9.9–14.2) 0.233
IL6-/IL-10 0.428 (0.187–0.674) 0.382 (0.158–0.645) 0.488 (0.320–0.713) 0.160
Orosomucoid (mcg/L) 597 (392–1062) 602 (434–952) 566 (349–1223) 0.818
Endocan (mcg/L) 3.3 (2.4–4.9) 3.2 (2.3–4.6) 3.6 (2.9–5.0) 0.300

ACEI—angiotensin converting enzyme inhibitor, AF—atrial fibrillation, AH—arterial hypertension, ARB—
angiotensin receptor blocker, CAD—coronary artery disease, CVD—cerebrovascular disease, DM—diabetes melli-
tus, EF—ejection fraction, HLP—hyperlipidemia, hsCRP—high-sensitivity C-reactive protein, IL—interleukin,
MRA—mineralocorticoid receptor antagonist, NYHA—New York Heart Association class, NT-proBNP—N-
terminal pro-brain natriuretic peptide and PAD—peripheral artery disease.

Regarding inflammatory biomarkers, there was no significant association between
hsCRP, IL-6, IL-10, IL-6/IL-10 ratio, orosomucoid or endocan levels and the presenting
cardiac rhythm (Table 1). When further subgroup analysis was performed with respect
to age ≤75 years (43 patients in sinus rhythm and 27 patients with AF), we observed
statistically significantly higher values of NT-proBNP, IL-6 and IL-6/IL-10 ratio in patients
with AF in comparison to patients in sinus rhythm (Table 2, Figure 2).

Table 2. Biomarker values in patients ≤ 75 years.

All Sinus Rhythm AF p-Value

Patients (n) 70 43 27
NT-proBNP (pg/mL) 1563 (570–4583) 729 (332–4447) 2095 (1491–4764) 0.022
hsCRP (mg/L) 2.8 (1.3–6.7) 2.8 (1.5–6.5) 2.4 (1.2–7.9) 0.914
IL-6 (ng/L) 5.3 (2.6–7.8) 4.1 (2.0–6.9) 7.0 (5.3–9.5) 0.012
IL-10 (ng/L) 12.2 (9.5–14.3) 12.0 (9.3–13.7) 12.4 (10.8–16.6) 0.178
IL-6/IL-10 0.427 (0.192–0. 663) 0.348 (0.154–0.558) 0.488 (0.352–0.728) 0.044
Orosomucoid (mcg/L) 604 (371–1033) 550 (383–959) 649 (322–1431) 0.638
Endocan (mcg/L) 3.2 (2.2–4.4) 2.9 (2.2–4.0) 3.4 (2.3–4.8) 0.242

AF—atrial fibrillation, hsCRP—high-sensitivity C-reactive protein, IL—interleukin and NT-proBNP—N-terminal
pro-brain natriuretic peptide.
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In logistic regression analysis, there was a significant positive correlation only between
IL-6 and AF in both univariate logistic regression (OR 1.175; 95% CI 1.013–1.363; p = 0.034)
and multivariate logistic regression analysis when accounting for NT-proBNP, hsCRP, IL-
10, orosomucoid and endocan (OR 1.327; 95% CI 1.068–1.650; p = 0.011). There was no
significant correlation between other abovementioned inflammatory biomarkers and AF
in either univariate or multivariate logistic regression analysis (Table 3). Conversely, in
patients over 75 years of age, there were no significant differences in laboratory biomarkers
when comparing the two groups and no correlation between AF and laboratory biomarkers
in regression analysis.
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Table 3. Logistic regression analysis results in patients ≤ 75 years.

Univariate Logistic Regression Multivariate Logistic Regression
OR (95% CI) p-Value OR (95% CI) p-Value

IL-6 1.175 (1.013–1.363) 0.034 1.327 (1.068–1.650) 0.011

IL-10 1.002 (0.959–1.047) 0.931 0.998 (0.953–1.044) 0.914

IL-6/IL-10 3.435 (0.745–15.836) 0.113 NA NA

Orosomucoid 1.000 (1.000–1.001) 0.319 1.000 (0.999–1.001) 0.645

Endocan 1.151 (0.875–1.515) 0.315 1.039 (0.767–1.407) 0.805

NT-proBNP 1.000 (1.000–1.000) 0.782 1.000 (1.000–1.000) 0.228

hsCRP 0.993 (0.931–1.059) 0.820 0.939 (0.864–1.020) 0.138

CI—confidence interval, hsCRP—high-sensitivity C-reactive protein, IL—interleukin, NA—not applicable, NT-
proBNP—N-terminal pro-brain natriuretic peptide, and OR—odds ratio.

Since the rates of statin and digoxin therapy were different in the sinus rhythm and
AF patient cohorts (Table 1), we performed additional analyses for the assessment of any
potential association between statin or digoxin therapy and inflammatory biomarkers.
There were no significant differences in hsCRP, IL-6, IL-10, orosomucoid or endocan levels
with respect to statin therapy in both overall and ≤75 years patient cohorts. Conversely,
digoxin therapy was associated with significantly higher IL-6 levels both overall (6.8
(4.7–8.9) ng/L vs. 4.1 (2.1–7.4) ng/L, p = 0.033) and ≤75 years of age (6.8 (5.7–9.4) ng/L
vs. 4.8 (2.0–7.4) ng/L, p = 0.031), and with higher levels of endocan in the overall cohort
(3.8 (3.1–6.0) mcg/L vs. 3.2 (2.2–4.6) mcg/L, p = 0.036), but not ≤75 years. There were no
significant differences in other inflammatory markers overall or in patients aged ≤75 years
with respect to digoxin therapy.

4. Discussion

Our pilot study of the relationship between inflammatory biomarkers and AF has shown
that AF is associated with increased levels of IL-6 and a higher pro-/anti-inflammatory IL-
6/IL-10 ratio in patients with stable chronic HF under the age of 75 years. IL-6 levels were
independently associated with AF even after adjusting for other inflammatory biomarkers.
Conversely, other selected inflammatory biomarkers—namely hsCRP, IL-10, orosomucoid
and endocan—were not significantly different between patients in AF and patients in
sinus rhythm.

Our study adds to the growing body of evidence on the association between AF
and inflammation [2–4]. Chronic inflammation represents the intersection between HF
and AF, and is involved in both the initiation and maintenance of AF through electrical
and structural changes in the atria [28,29]. Most previous studies focused on IL-6 and
demonstrated that IL-6 is associated with AF in post-menopausal women [30], patients
with stable coronary artery disease [7], in individuals following coronary artery bypass
surgery [8], and in patients with chronic kidney disease [9]. Furthermore, IL-6 is a predictor
of AF recurrence [10,11], and AF associated long-term adverse events [31,32]. Several
molecular mechanisms have been identified in the pathophysiology of AF [5]. One of these
pathways is centered around the NLRP3 inflammasome [5,13,14]. It is part of a central
innate immunity signaling pathway spanning from the NLRP3 inflammasome through
IL-1 to IL-6 [33]. Increased NLRP3 activity was observed in patients with both paroxysmal
and chronic AF, and leads to electrophysiologic abnormalities, atrial structural changes
and abnormal calcium release from the sarcoplasmic reticulum in animal models [13,14].
One of the newly identified mechanisms linking IL-6 with AF development is concerted
by connexins, gap junction proteins, which are expressed in the atria and affect their
electrophysiological properties, thereby influencing AF maintenance [15]. Elevated IL-6
levels trigger a reduction of circulating connexin levels, which in turn alters the connexin
channel-dependent pathways, leading to rapid atrial electrical remodeling [16]. Specifically,
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increased P-wave dispersion indices were noted in patients with active inflammation [16].
Additionally, there was an inverse relationship between both P-wave dispersion indices
and IL-6 on one hand, and circulating connexin levels on the other hand, which in turn re-
flected atrial connexin expression [16]. The association between IL-6 and reduced connexin
expression was later confirmed in a cellular model of HL-1 mouse atrial myocytes [16].
Conversely, IL-10 is an anti-inflammatory cytokine and was shown to reduce atrial remod-
eling and fibrosis in mice [34]. Thus, the IL-6/IL-10 ratio represents a balance be-tween
pro- and anti-inflammatory cytokines and may reflect structural changes in the atria. In
individuals undergoing cardiopulmonary bypass, a higher IL-6/IL-10 ratio was associated
with a higher incidence of postoperative AF in comparison to patients with an attenuated
IL-6/IL-10 response due to hydrocortisone administration [19]. In this regard, our find-
ings are in line with previous reports showing that inflammation may also play a role in
the pathophysiology of AF in patients with HF. However, the independent association
between IL-6 and AF in our study was limited to patients below the age of 75 years. On the
one hand, advanced age may overwhelm any possible impact of inflammatory signaling
on the association between AF and HF. On the other hand, in younger individuals with
HF, inflammation-related mechanisms may represent an additional determinant for the
initiation, maintenance and perpetuation of AF.

A recently published study of 105 patients with non-valvular AF evaluated a variety
of different inflammatory markers, both established and novel [35]. Only IL-6, IL-10,
tumor necrosis factor (TNF) and interferon-gamma-induced protein 10 (IP-10) showed
an association with AF after multivariate regression analysis; however, the study did not
report a separate analysis for patients with HF [35]. Conversely, a study of 78 patients with
stable HF reported on the association of elevated IL-6 levels with a higher prevalence of AF,
as well as with higher mortality and hospital readmissions [36]. The study mostly included
patients with preserved EF. This is in contrast with our study, where most patients had HF
with reduced EF. Additionally, we aimed to assess the relationship between both established
as well as novel inflammatory biomarkers and AF in the HF population. However, novel
inflammatory biomarkers, namely hsCRP, orosomucoid and endocan, ultimately did not
emerge as predictors of AF in our study. In terms of hsCRP, studies have shown that
IL-6 is a superior marker of inflammation to hsCRP [25], which was also the case in our
analysis. hsCRP is generally elevated in HF patients and may be lacking the requisite
sensitivity to detect significant differences between patients with AF and sinus rhythm
in the HF patient population [37]. Similarly, several studies have indicated that hsCRP
in HF patients can robustly predict the overall mortality [38], but might lack the ability
to predict more subtle clinical changes, especially in individuals with HF with reduced
EF [39], which were mostly included in this study. In terms of orosomucoid, previous
studies have shown that elevated levels may be associated with incident AF after cardiac
surgery in women [23], but were not associated with the risk of AF-related hospitalization
in the general population [24]. On a tissue level orosomucoid is released not only from the
liver, but also from epicardial adipose tissue, which has been shown to be a contributing
factor in the initiation, maintenance and perpetuation of AF [20,40]. Orosomucoid has
been shown to influence adipose tissue extracellular matrix remodeling by inhibiting
adipose tissue fibrosis through AMP-activated protein kinase activation [41]. In terms
of endocan, previous studies suggest that elevated levels may be associated with AF in
asymptomatic individuals [17]. Endocan is an inflammatory mediator produced by the
endothelium and increases the expression of soluble intercellular adhesion molecules 1
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), both of which have been
associated with AF [21,42–44]. Although previous evidence suggests that orosomucoid and
endocan-driven pathways may be involved in AF onset and progression in non-HF patient
populations [17,23], our study found no association between levels of novel inflammatory
signaling molecules and AF in patients with chronic stable HF. Our results indicate that
selected novel biomarkers may not possess the ability to differentiate between patients
with AF and patients in sinus rhythm in the HF population and are thus in this regard
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inferior to well established inflammatory markers, such as IL-6. However, whether selected
AF-related inflammatory signaling pathways are importantly altered in HF patients or
only masked by other distinctive HF-related molecular derangements remains elusive and
further studies are warranted to provide more definite answers.

On the other hand, HF is itself associated with inflammation [45]. It is characterized by
elevated pro-inflammatory cytokines, as well as with the activation of components of innate
and adaptive immunity [46,47]. Additionally, different HF phenotypes are associated with
distinct biomarker profiles, with inflammation playing a more prominent role in HF with
preserved EF [48]. IL-6, which was, in our study, associated with AF in patients aged
≤75 years, is elevated in patients with HF, and also correlates with disease severity and
prognosis [46]. Higher levels of IL-6 in younger patients with AF in our study may therefore
in part reflect a higher degree of inflammation in the context of more advanced heart failure.
In the present study patients with AF and sinus rhythm also differed in the rates of statin
and digoxin therapy. Statin therapy was more common in patients with sinus rhythm,
whereas the rate of digoxin therapy was higher in patients with AF. Both statins and digoxin
are known to have immunomodulatory effects and reduce the concentration of IL-6 [49,50].
In comparison, in our study statins did not have an impact on inflammatory markers, while
digoxin was paradoxically associated with increased IL-6 levels, probably reflecting higher
AF burden, since digoxin therapy was more common in the AF patient cohort.

Our study provides evidence on the association between established inflammatory
biomarkers and AF in HF patients aged under 75 years. In this respect, inflammation can
be regarded as a marker of AF risk in younger patients with HF and thus a possible target
for a better risk-stratification of HF patients. However, several limitations require caution
in interpreting our results. Firstly, this was a cross-sectional study to find association,
whereas a prospective cohort study in the future may provide a less biased appreciation
of the clinical risk of AF occurrence in relation to inflammatory biomarkers in patients
with HF. Secondly, due to the exploratory nature of the study, a relatively small sample
size and single-center design it is impossible to generalize the results to the entire HF
population. Additionally, the study may have been underpowered to detect significant
associations between other inflammatory biomarkers and AF. The small sample size also
prevented us from performing further subgroup analysis with respect to sex, AF type
(paroxysmal, persistent or permanent) and HF phenotype (HF with preserved, mildly-
reduced or reduced EF), which might potentially influence the results of our study. Thirdly,
while patients were enrolled in the study prospectively, the present analysis was done
retrospectively, and some patients were excluded due to incomplete data. Finally, patients
with AF had higher values of NT-proBNP and therefore more advanced heart failure,
which could account for greater inflammation. Even though we demonstrated a correlation
between IL-6 and AF, our findings do not provide the exact pathophysiological mechanism
of the complex interplay between HF, inflammation and AF.

5. Conclusions

In conclusion, we have shown that IL-6 levels and the IL-6/IL-10 ratio are associated
with AF in patients with stable chronic HF under the age of 75 years. Our findings suggest
that inflammation may play a contributing role in the development of AF in HF patients
below the age of 75 years, whereas age-related factors may overpower and/or mask the
impact of inflammatory molecular signaling in older HF individuals. Additionally, our
results indicate that selected novel biomarkers may not possess the ability to differentiate
between patients with AF or sinus rhythm in the HF population and are thus in this regard
inferior to well established inflammatory markers. Larger studies are needed to further
elucidate the role of inflammation in the development of AF in the HF population.
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25. Jug, B.; Salobir, B.G.; Vene, N.; Šebeštjen, M.; Šabovič, M.; Keber, I. Interleukin-6 Is a Stronger Prognostic Predictor than
High-Sensitive C-Reactive Protein in Patients with Chronic Stable Heart Failure. Heart Vessel. 2009, 24, 271–276. [CrossRef]

26. Kosir, G.; Jug, B.; Novakovic, M.; Mijovski, M.B.; Ksela, J. Endocan Is an Independent Predictor of Heart Failure-Related Mortality
and Hospitalizations in Patients with Chronic Stable Heart Failure. Dis. Markers 2019, 2019, 1–7. [CrossRef]

27. Li, H.; Song, X.; Liang, Y.; Bai, X.; Liu-Huo, W.-S.; Tang, C.; Chen, W.; Zhao, L. Global, Regional, and National Burden of Disease
Study of Atrial Fibrillation/Flutter, 1990–2019: Results from a Global Burden of Disease Study, 2019. BMC Public. Health 2022, 22,
2015. [CrossRef] [PubMed]

28. Tsigkas, G.; Apostolos, A.; Despotopoulos, S.; Vasilagkos, G.; Kallergis, E.; Leventopoulos, G.; Mplani, V.; Davlouros, P. Heart
Failure and Atrial Fibrillation: New Concepts in Pathophysiology, Management, and Future Directions. Heart Fail. Rev. 2022, 27,
1201–1210. [CrossRef]

29. Hu, Y.-F.; Chen, Y.-J.; Lin, Y.-J.; Chen, S.-A. Inflammation and the Pathogenesis of Atrial Fibrillation. Nat. Rev. Cardiol. 2015, 12,
230–243. [CrossRef]

30. Gomez, S.E.; Parizo, J.; Ermakov, S.; Larson, J.; Wallace, R.; Assimes, T.; Hlatky, M.; Stefanick, M.; Perez, M.V. Evaluation of
the Association between Circulating IL-1β and Other Inflammatory Cytokines and Incident Atrial Fibrillation in a Cohort of
Postmenopausal Women. Am. Heart J. 2023, 258, 157–167. [CrossRef]

31. Aulin, J.; Siegbahn, A.; Hijazi, Z.; Ezekowitz, M.D.; Andersson, U.; Connolly, S.J.; Huber, K.; Reilly, P.A.; Wallentin, L.; Oldgren, J.
Interleukin-6 and C-Reactive Protein and Risk for Death and Cardiovascular Events in Patients with Atrial Fibrillation. Am. Heart
J. 2015, 170, 1151–1160. [CrossRef] [PubMed]

32. Hijazi, Z.; Aulin, J.; Andersson, U.; Alexander, J.H.; Gersh, B.; Granger, C.B.; Hanna, M.; Horowitz, J.; Hylek, E.M.; Lopes, R.D.;
et al. Biomarkers of Inflammation and Risk of Cardiovascular Events in Anticoagulated Patients with Atrial Fibrillation. Heart
2016, 102, 508–517. [CrossRef] [PubMed]

33. Silvain, J.; Kerneis, M.; Zeitouni, M.; Lattuca, B.; Galier, S.; Brugier, D.; Mertens, E.; Procopi, N.; Suc, G.; Salloum, T.; et al.
Interleukin-1β and Risk of Premature Death in Patients with Myocardial Infarction. J. Am. Coll. Cardiol. 2020, 76, 1763–1773.
[CrossRef] [PubMed]

34. Kondo, H.; Abe, I.; Gotoh, K.; Fukui, A.; Takanari, H.; Ishii, Y.; Ikebe, Y.; Kira, S.; Oniki, T.; Saito, S.; et al. Interleukin 10 Treatment
Ameliorates High-Fat Diet–Induced Inflammatory Atrial Remodeling and Fibrillation. Circ. Arrhythmia Electrophysiol. 2018, 11,
e006040. [CrossRef] [PubMed]

35. Martins, G.L.; Duarte, R.C.F.; Vieira, É.L.M.; Rocha, N.P.; Figueiredo, E.L.; Silveira, F.R.; Caiaffa, J.R.S.; Lanna, R.P.; Carvalho,
M.D.G.; Palotás, A.; et al. Evaluation of New Potential Inflammatory Markers in Patients with Nonvalvular Atrial Fibrillation.
Int. J. Mol. Sci. 2023, 24, 3326. [CrossRef] [PubMed]

36. Povar-Echeverría, M.; Auquilla-Clavijo, P.E.; Andrès, E.; Martin-Sánchez, F.J.; Laguna-Calle, M.V.; Calvo-Elías, A.E.; Lorenzo-
Villalba, N.; Méndez-Bailón, M. Interleukin-6 Could Be a Potential Prognostic Factor in Ambulatory Elderly Patients with Stable
Heart Failure: Results from a Pilot Study. J. Clin. Med. 2021, 10, 504. [CrossRef] [PubMed]

37. Schrage, B.; Geelhoed, B.; Niiranen, T.J.; Gianfagna, F.; Vishram-Nielsen, J.K.K.; Costanzo, S.; Söderberg, S.; Ojeda, F.M.;
Vartiainen, E.; Donati, M.B.; et al. Comparison of Cardiovascular Risk Factors in European Population Cohorts for Predicting
Atrial Fibrillation and Heart Failure, Their Subsequent Onset, and Death. J. Am. Heart Assoc. 2020, 9, e015218. [CrossRef]

38. Zhang, L.; He, G.; Huo, X.; Tian, A.; Ji, R.; Pu, B.; Peng, Y. Long-Term Cumulative High-Sensitivity C-Reactive Protein and
Mortality Among Patients with Acute Heart Failure. J. Am. Heart Assoc. 2023, 12, e029386. [CrossRef] [PubMed]

39. Lourenço, P.; Pereira, J.; Ribeiro, A.; Ferreira-Coimbra, J.; Barroso, I.; Guimarães, J.-T.; Leite-Moreira, A.; Bettencourt, P. C-Reactive
Protein Decrease Associates with Mortality Reduction Only in Heart Failure with Preserved Ejection Fraction. J. Cardiovasc. Med.
2019, 20, 23–29. [CrossRef]

40. Hatem, S.N.; Sanders, P. Epicardial Adipose Tissue and Atrial Fibrillation. Cardiovasc. Res. 2014, 102, 205–213. [CrossRef]
41. Wang, P.; Feng, J.; Zhang, Z.; Chen, Y.; Qin, Z.; Dai, X.; Wei, J.; Hu, B.; Zhang, W.; Sun, Y.; et al. The Adipokine Orosomucoid

Alleviates Adipose Tissue Fibrosis via the AMPK Pathway. Acta Pharmacol. Sin. 2022, 43, 367–375. [CrossRef] [PubMed]
42. Rahimi, M.; Faridi, L.; Nikniaz, L.; Daneshvar, S.; Naseri, A.; Taban-Sadeghi, M.; Manaflouyan, H.; Shahabi, J.; Sarrafzadegan, N.

Effect of Endothelial Adhesion Molecules on Atrial Fibrillation: A Systematic Review and Meta-Analysis. Heart Int. 2022, 16, 75.
[CrossRef] [PubMed]

https://doi.org/10.1016/j.atherosclerosis.2014.05.921
https://doi.org/10.1002/jcp.24485
https://www.ncbi.nlm.nih.gov/pubmed/24446198
https://doi.org/10.1016/j.hlc.2023.02.009
https://doi.org/10.3390/jcm12103565
https://www.ncbi.nlm.nih.gov/pubmed/37240672
https://doi.org/10.1007/s10654-011-9565-6
https://www.ncbi.nlm.nih.gov/pubmed/21424216
https://doi.org/10.1007/s00380-008-1111-4
https://doi.org/10.1155/2019/9134096
https://doi.org/10.1186/s12889-022-14403-2
https://www.ncbi.nlm.nih.gov/pubmed/36329400
https://doi.org/10.1007/s10741-021-10133-6
https://doi.org/10.1038/nrcardio.2015.2
https://doi.org/10.1016/j.ahj.2023.01.010
https://doi.org/10.1016/j.ahj.2015.09.018
https://www.ncbi.nlm.nih.gov/pubmed/26678637
https://doi.org/10.1136/heartjnl-2015-308887
https://www.ncbi.nlm.nih.gov/pubmed/26839066
https://doi.org/10.1016/j.jacc.2020.08.026
https://www.ncbi.nlm.nih.gov/pubmed/32861811
https://doi.org/10.1161/CIRCEP.117.006040
https://www.ncbi.nlm.nih.gov/pubmed/29748196
https://doi.org/10.3390/ijms24043326
https://www.ncbi.nlm.nih.gov/pubmed/36834735
https://doi.org/10.3390/jcm10030504
https://www.ncbi.nlm.nih.gov/pubmed/33535417
https://doi.org/10.1161/JAHA.119.015218
https://doi.org/10.1161/JAHA.123.029386
https://www.ncbi.nlm.nih.gov/pubmed/37776214
https://doi.org/10.2459/JCM.0000000000000726
https://doi.org/10.1093/cvr/cvu045
https://doi.org/10.1038/s41401-021-00666-9
https://www.ncbi.nlm.nih.gov/pubmed/33875797
https://doi.org/10.17925/HI.2022.16.2.75
https://www.ncbi.nlm.nih.gov/pubmed/36741104


Medicina 2024, 60, 1238 11 of 11

43. Willeit, K.; Pechlaner, R.; Willeit, P.; Skroblin, P.; Paulweber, B.; Schernthaner, C.; Toell, T.; Egger, G.; Weger, S.; Oberhollenzer, M.;
et al. Association Between Vascular Cell Adhesion Molecule 1 and Atrial Fibrillation. JAMA Cardiol. 2017, 2, 516. [CrossRef]
[PubMed]

44. Goette, A.; Bukowska, A.; Lendeckel, U.; Erxleben, M.; Hammwöhner, M.; Strugala, D.; Pfeiffenberger, J.; Röhl, F.-W.; Huth,
C.; Ebert, M.P.A.; et al. Angiotensin II Receptor Blockade Reduces Tachycardia-Induced Atrial Adhesion Molecule Expression.
Circulation 2008, 117, 732–742. [CrossRef]

45. Shirazi, L.F.; Bissett, J.; Romeo, F.; Mehta, J.L. Role of Inflammation in Heart Failure. Curr. Atheroscler. Rep. 2017, 19, 27. [CrossRef]
[PubMed]

46. Bozkurt, B.; Mann, D.L.; Deswal, A. Biomarkers of Inflammation in Heart Failure. Heart Fail. Rev. 2010, 15, 331–341. [CrossRef]
[PubMed]

47. Adamo, L.; Rocha-Resende, C.; Prabhu, S.D.; Mann, D.L. Reappraising the Role of Inflammation in Heart Failure. Nat. Rev.
Cardiol. 2020, 17, 269–285. [CrossRef] [PubMed]

48. Sanders-van Wijk, S.; Van Empel, V.; Davarzani, N.; Maeder, M.T.; Handschin, R.; Pfisterer, M.E.; Brunner-La Rocca, H.P.; for the
TIME-CHF Investigators. Circulating Biomarkers of Distinct Pathophysiological Pathways in Heart Failure with Preserved vs.
Reduced Left Ventricular Ejection Fraction. Eur. J. Heart Fail. 2015, 17, 1006–1014. [CrossRef] [PubMed]

49. De Oliveira, P.S.S.; Da Paixão, A.B.F.; Da Rocha Junior, L.F.; Branco Pinto Duarte, A.L.; Pereira, M.C.; Barreto De Melo Rêgo, M.J.;
Da Rocha Pitta, I.; Da Rocha Pitta, M.G. Atorvastatin Inhibits IL-17A, TNF, IL-6, and IL-10 in PBMC Cultures from Patients with
Severe Rheumatoid Arthritis. Immunobiology 2020, 225, 151908. [CrossRef]

50. Saeed, H.; Mateen, S.; Moin, S.; Khan, A.Q.; Owais, M. Cardiac Glycoside Digoxin Ameliorates Pro-Inflammatory Cytokines in
PBMCs of Rheumatoid Arthritis Patients in Vitro. Int. Immunopharmacol. 2020, 82, 106331. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1001/jamacardio.2017.0064
https://www.ncbi.nlm.nih.gov/pubmed/28355442
https://doi.org/10.1161/CIRCULATIONAHA.107.730101
https://doi.org/10.1007/s11883-017-0660-3
https://www.ncbi.nlm.nih.gov/pubmed/28432635
https://doi.org/10.1007/s10741-009-9140-3
https://www.ncbi.nlm.nih.gov/pubmed/19363700
https://doi.org/10.1038/s41569-019-0315-x
https://www.ncbi.nlm.nih.gov/pubmed/31969688
https://doi.org/10.1002/ejhf.414
https://www.ncbi.nlm.nih.gov/pubmed/26472682
https://doi.org/10.1016/j.imbio.2020.151908
https://doi.org/10.1016/j.intimp.2020.106331

	Introduction 
	Materials and Methods 
	Patients, Study Design and Biochemical Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

