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Abstract

Background: Heart Failure (HF) is often accompanied by Atrial Fibrillation (AF), 
which significantly worsens the outcome of both diseases. The purpose of study is 
to examine possible risk factors for the development of paroxysmal/persistent AF in 
patients with Heart Failure with moderately reduced Ejection Fraction (HFmrEF). 

Methods: The study included 193 patients with HFpEF and non-valvular paroxysmal/
persistent AF after successful cardioversion. As a control group the similar 76 patients 
without AF were examined. All patients underwent an examination, including 
electrocardiography, echocardiography, ambulatory blood pressure monitoring and 
Holter ECG monitoring. Levels of inflammatory markers, such as High-sensitivity 
C-Reactive Protein (Hs-CRP), Interleukin-6 (IL-6), Tumor Necrosis Factor-α (TNF-α) 
and the fibrotic marker Transforming Growth Factor-β1 (TGF-β1) measured using the 
Enzyme-Linked Immunosorbent Assay (ELISA) method. The results obtained were 
analyzed using Odds Ratios (OR).

Results: Frequent episodes of Hypertensive crisis (Hcr) and increased Body Mass 
Index (BMI) are possible risk factors for paroxysmal/persistent AF. An increase OR 
of diastolic and systolic parameters of the left ventricle was associated with significant 
atrial and ventricular remodeling. Higher levels of inflammatory markers OR are 
associated with an increased risk of AF in HFmrEF patients compared to some patients 
without AF. An increase in the OR of the fibrosis marker TGF-β1 was statistically 
significant in patients with persistent AF.

Conclusion: It could be considered that frequency Hcr, BMI, remodeling of the left 
atrium and ventricles and an increase of inflammation and fibrosis markers are possible 
risk factors for the occurrence of AF in HFmrEF patients.
Keywords: Atrial fibrillation . Cardiac fibrosis . Inflammation markers . Middle 
reduced ejection . Risk factors

Abbreviations: AF: Atrial Fibrillation; BMI: Body Mass Index; BP: Blood Pressure; CI: 
Confidence Interval; DBP: Diastolic Blood Pressure; DT: Deceleration Time; E peak: Early 
diastolic filling wave; EF: Ejection Fraction; HC: Hypertensive Crises; HF: Heart Failure; 
HFmrEF: Heart failure with Mildly Reduced Ejection Fraction; HFpEF: Heart Failure 
with preserved Ejection Fraction; HFrEF: Heart Failure with reduced Ejection Fraction; 
HR: Hazard Ratio; HsСRP: High sensitive C Reactive Protein; IHD: Ischemic Heart 
Disease; IL-6: Interlekine-6; IVRT: Isovolumetric Relaxation Time; IVST: Interventricular 
Septum Thickness; LAD: Left Atrial Diameter; LAV: Left Atrial Volume; LVEDD: Left 
Ventricle End-Diastolic Diameter; LVEDV: Left Ventricle End-Diastolic Volume; LVESD: 
Left Ventricle End-Systolic Diameter; LVESV: Left Ventricle End-Systolic Volume; 
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LVPWT: Left Ventricle Posterior Wall Thickness; OR: Odds Ratio; 
Pdis: P-wave dispersion; Pmax: P-wave maximum; SBP: Systolic Blood 
Pressure; TNF-α: Tumor Necrosis Factor-α; ТGF-β1: Transforming 
Growth Factor-β1

Introduction

HF as a clinical syndrome is widespread worldwide: The number 
of HF cases doubled from 33.5 million in 1990 to 64.3 million 
in 2018 and global prevalence remains high [1]. HF is associated 
with structural and functional abnormalities of the myocardium 
[2]. The main pathogenic mechanisms contributing to HF include 
increased hemodynamic overload, ischemia-related dysfunction, 
contractile protein mutations, ventricular remodeling and altered 
neurohumoral stimulation [3,4]. Based on the huge variety of 
etiology and pathogenesis HF has multiple causes that make precise 
classification and treatment difficult [5,6]. Comparison of clinical 
characteristics, comorbidities, outcomes and prognosis among 
patients with HF who have either preserved ejection fraction (EF) 
(>50%, HFpEF) or moderately reduced ejection fraction. (40%-
49%, HFmrEF) or reduced ejection fraction (<40%, HFrEF) leads 
to consideration of HFmrEF as an intermediate HF phenotype 
[6,7]. HFmrEF was first recognized as a new HF phenotype by 
the European Society of Cardiology in 2016 [8]. Of the more 
than 6.5 million patients with HF in the United States, 13%-
24% had HFmrEF [9]. Recent research suggests that patients with 
HFmrEF benefit from therapies designed to improve outcomes for 
people with reduced EF [10,11]. However, the characteristics of 
HFmrEF and its therapeutic potential remain poorly understood. 
AF is the most common sustained and heterogeneous type of 
arrhythmia. There is plausible published evidence linking its onset 
and progression to inflammation and fibrosis [12,13]. Although 
AF and HF are distinct diseases, they are increasingly found to 
overlap and are associated with high morbidity and mortality; in 
addition, patients with comorbid HF and AF suffer from even 
more severe symptoms and a worse prognosis [14]. Data from the 
Framingham Heart Study suggest that AF occurs in more than 
half of individuals with HF and that HF occurs in more than one-
third of individuals with AF. Thus, HF and AF are commonly 

encountered together and are closely interrelated with similar risk 
factors and each predisposes to the others [15]. However, while 
HFmrEF is well described, the determinants and outcomes of 
HFmrEF with concomitant AF remain unclear [16]. In this study, 
we aimed to identify possible risk factors associated with the onset 
and progression of AF in patients with HFmrEF.

Materials and Methods

Blood samples were collected from patients with heart failure 
in the Department of Arrhythmia at the Research Institute of 
Cardiology under a protocol approved by the Ethical Committee 
of the Institute of Cardiology and with informed consent from the 
patients.

Study patients

We were enrolled in the study, 193 patients with non-valvular AF 
and HFmrEF admitted to the Research Institute of Cardiology 
and underwent successful cardioversion. Similar 76 patients with 
HFmrEF but without AF were examined as the control group. 
Moreover, the inclusion criteria were the following: HFmrEF 
(49%-40%, BNP>35 pg/ml, or NT-proBNP>125 pg/ml) and 
the presence of ischemic or hypertensive heart disease. Ischemic 
etiology was defined based on a documented history of myocardial 
infarction or coronary angiography. Furthermore, the exclusion 
criteria included the following-HF due to valvular heart disease, 
chronic obstructive pulmonary disease, systemic inflammatory 
diseases and diabetes. Patients were followed up according to 
the usual practice of the center. All participants underwent a 
detailed physical examination that included resting 12-lead 
electrocardiography recording, 24 h blood pressure monitoring, 
echocardiography and 24 h ambulatory Holter monitoring. BP in 
rest was calculated from the mean of the second and third readings 
and peak of BP by 24 h blood pressure monitoring. BMI was 
calculated as weight divided by height and expressed as kg/m². All 
examined patients were asked to complete a questionnaire about 
their lifestyle (e.g., smoking, drinking and nutrition) and the 
presence of potential comorbidities. Table 1 presents the clinical 
characteristics of the patients.

Table 1: Baseline demographics and clinical characteristics in all observed HFmrEF patient with and without AF. Data represented as 
mean (range<0).

Indices, units HFmrEF no AF (n=76) HFmrEF/Paroxysmal AF (n=103) HFmrEF persistent AF (n=90)

Age (years) 56 (49-74) 54 (47-71) 56 (51-73)

Male (%) 53.2 50.8 52.4

BMI (kg/m²) 29.8 (27-32) 30.1 (27-34) 31.1 (28-36)

History of smoking (%) 42.2 44.6 41.7

History of drinking (%) 11.9 14.7 12.6

IHD (%) 74.7 72.7 73.3

Hypertension (%) 87.4 88.7 89.1
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Hypercholesterolemia (%) 47.9 48.9 46.8

Resting Heart Rate (bpm) 75.2 (68-89) 76.7 (72-91) 74.3 (65-90)

Peak Heart Rate (bpm) 116.8 (92-131) 121.7* (92-133) 115.8 (96-123)

Resting SBP (mmHg) 141.9 (125-155) 144.9 (131-160) 145.9 (131-150)

Peak SBP (mmHg) 164.1 (145-180) 168.8 (140-185) 167.1 (40-180)

Resting DBP (mmHg) 83.7 (75-95) 78.1 (70-90) 84.7 (75-95)

Peak DBP (mmHg) 91.2 (80-110) 95.2* (80-105) 92.1 (80-110)

Note: (*): p.05

Materials 

Levels of IL-6, TNF-α, TGF-β1 and Hs-CRP were measured by 
ELISA kits according to manufacturer’s instructions. ELISA kits 
for analysis of IL-6, TNFα and TGF-β1 were purchased from 
BioSource (Belgium) and Hs-CRP from DRG International Inc 
(USA).

Electrocardiography

Since one of the main electrophysiological factors in the occurrence 
and maintenance of AF is the inhomogeneity of atrial conduction 
velocity, the ECG display of this process is the dispersion of 
the P wave (Pdis), which is defined as the difference between the 
maximum (Pmax) and minimum (Pmin) duration of the P wave 
recorded during lead II of the ECG.

Echocardiography

To measure LVEF according to standard criteria, traditional 
transthoracic echocardiography “Medison SonoAceX6” (Hungary) 
was used. Echocardiography measurements of chamber sizes, as 
well as systolic and especially early diastolic cardiac dysfunction 
were carried out in accordance with established recommendations

Biochemical blood measurements

Quantifications were determined using standard laboratory 
procedures established at the Institute of Cardiology. Plasma levels 
of inflammation markers Hs-CRP, IL-6, TNFα and TGF-β1 
were determined by ELISA using the Stat Fax 303 Plus analyzer 
(Awareness Technology, Palm City, FL, USA).

Statistical analysis 

Statistically significant differences between parameters were 
identified using two-step cluster analysis. The findings were 
modeled using binary logistic regression using the OR. OR is one 
of the most common approaches to describe how the absence or 
presence of a particular outcome is associated with the presence 
or absence of a particular factor in a particular statistical group. 
Thus, the results of using the OR include determining the 
statistical significance of the relationship between the factor and 
the result (outcome), as well as its quantitative assessment. It is 
very important to assess the statistical significance of the identified 
association between the outcome and the risk factor. If the OR 

is greater than 1, then the chances of detecting a risk factor in 
this group are greater; that is, the factor has a direct relationship 
with the probability of the outcome. Moreover, in each case, the 
statistical significance of the OR is necessarily assessed based on the 
values of the 95% CI (p-value<0.05 was considered significant). 
The studies were conducted using simple randomized protocols 
using the universal statistical package SPSS 13.0.

Results

Clinical characteristics of the study participants 

Table 1 presents the demographic and clinical characteristics of all 
studied patients. When analyzing the demographic characteristics 
of patients, all groups were comparable in terms of gender, age and 
BMI. The groups were also similar in the proportion of patients 
who smoked and drinking habits There were no significant changes 
in heart rate at rest in the three examined groups. However, peak 
heart rate in patients with paroxysmal AF was significantly higher 
than in patients with persistent AF and patients without AF. There 
were no significant differences in SBP and DBP at rest between the 
3 groups of patients. However, peak DBP was significantly higher 
in patients with paroxysmal AF than in patients with persistent AF 
and the control group (p<0.05).

Risk factors associated with paroxysmal AF

An OR method was used to assess the risk of developing paroxysmal 
AF compared with the control group without AF. Moreover, 
the indicators associated with an increased risk of developing 
paroxysmal AF in patients with HFmrEF included the following: 
Age (OR=1.8; CI=1.08-1.28, p=0.05); high DBP (OR=1.09, 
CI=1.01-1.17, p=0.017); high frequency of hypertensive crises 
(OR=1.17, CI=1.07-1.43, p=0.01) high BMI (OR=1.13, 
CI=0.93-1.27, p=0.031) According to electrocardiographic 
findings, P-wave maximum (Pmax) and P-wave dispersion (Pdis) 
were significantly prolonged and associated with increased risk 
for both paroxysmal AF (Pmax: OR=3.92, CI=3.88-3.96, p=0.002; 
Pdis: OR=3.91, CI=3.87-3.95, p=0.002) and persistent AF (Pmax: 
OR=4.81, CI=4.07-5.94, p<0.001; Pdis: OR=4.90, CI=4.86-5.93, 
p<0.001). In addition, based on echocardiographic measurements, 
it was found that with an increased LAV, the risk of paroxysmal 
AF was significantly increased (LAV: OR=1.76, CI=1.66-1.88, 
p=0.002). It is worth noting that an increase in the level of 
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developing paroxysmal and persistent AF in patients with HFmrEF 
as shown in the               

markers of systemic inflammation (Hs-CRP: OR=5.57, CI=3.38-
7.87, p=0.010; IL-6: OR=4.80, CI=2.72-6.88, p=0.001; TNF-α: 
OR=2.56, CI=1.43-4.73, p=0.002) contributes to a high risk of 

Table 2: The analysis of odds ratio values at a 95% confidence interval of various clinical hemodynamic and structural-functional 
parameters and markers of inflammation and fibrosis in HFmrEF patients with paroxysmal AF compared to the control group.

HFmrEF with paroxysmal AF (n=103)

Indices Odds Ratio (OR) 95% CI p-value

Sex 0.24 0.10-0.58 0.07

Age 1.18 1.08-1.28 0.05*

SBP 1 0.94-1.05 0.987

DBP 1.09 1.01-1.17 0.017*

Heart rate 1.03 0.98-1.08 0.182

HrC 1.17 1.07-1.43 0.01*

Transitory ischemic attacks 0.65 0.14-2.93 0.583

IHD 1.16 0.39-3.42 0.788

Myocardial infarction 1.6 0.65-4.33 0.285

Pmax 3.92 3.88-3.96 0.002*

Pdis 3.91 3.87-3.95 0.002*

QRS 0.1 0.96-1.04 0.989

BMI 1.13 0.93-1.27 0.031*

LAD 0.86 0.70-1.06 0.167

LAV 1.76 1.66-1.88 0.002*

LVEDD 0.92 0.71-1.20 0.558

LVEDV 0.99 0.94-1.04 0.811

LVESD 0.98 0.89-1.08 0.77

IVST 0.94 0.68-1.31 0.751

LVPWT 0.96 0.64-1.45 0.877

EF 1.11 0.94-1.30 0.188

Е peak 1 0.96-1.03 0.959

А peak 1 0.93-1.08 0.927

Е/А 1.05 0.04-2.32 0.975

DT 0.99 0.97-1.02 0.777

IVRT 0.99 0.95-1.03 0.661

HsСRP 5.57 3.38-7.87 0.010*

IL-6 4.8 2.72-6.88 0.001*

TNF-α 2.56 1.43-4.73 0.002*

ТGF-β1 0.57 0.00-4.2 0.995

Note: (*): p.05.

Table 2.
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CI=3.90-4.99, p=0.016). Moreover, in patients with persistent AF, 
impaired LV systolic function is important. The risk of persistent 
AF was associated with increased LVEDD (OR=1.76, CI=1.58-
1.99, p=0.046), LVEDV (OR=1.93, CI=1.89-2.09, p=0.019) 
and some reduction in EF (OR=1.30, CI=1.08-1.57, p=0.05). A 
significant increase in the levels of OR markers of inflammation 
was also revealed (Hs-CRP: OR=6.37, CI=5.24-8.59, p=0.002; 
IL-6: OR=5.58, CI=4.71-7.87, p=0.001; TNF-α: OR=2.51, 
CI=2.51-4.68, p=0.002) which may also contribute to the high 
risk of developing persistent AF in patients with HFmrEF. 
Moreover, an increase in the OR of profibrotic TGF-β1 (OR=3.84, 
CI=2.10-6.23, p=0.005), in contrast to paroxysmal AF, may also 
be a possible risk factor for the development of persistent AF in 
patients with HFmrEF as shown in the Table 3.

Risk factors associated with persistent AF

In the analysis of possible risk factors in HFmrEF patients with 
persistent AF significant risk factors relative to the control group 
were: The frequency of hypertonic crisis (OR=1.56, CI=1.041-
1.971, p=0.001) and increased BMI (OR=1.97, CI=0.98-2.21, 
p=0.044). The OR values for LAD and LAV were also significantly 
increased (OR=3.69, CI=2.58-4.82, p=0.002; OR=3.80, CI=2.65-
4.09, p=0.040, respectively). An analysis of echocardiological data 
has revealed that left ventricular diastolic dysfunction is a possible 
risk factor in HFmrEF patients with persistent AF compared 
to those with paroxysmal AF. Statistically significant increases 
were observed in IVST (OR=1.69, CI=1.48-1.98, p=0.042), E 
peak (OR=3.05, CI=3.01-3.05, p=0.012) and IVRT (OR=3.94, 

Table 3: The analysis odds ratio value of various clinical hemodynamic and structural-functional parameters, as well as markers of 
inflammation and fibrosis in HFmrEF patients with persistent AF compared with the control group.

HFmrEF with Persistent AF (n=90)

Indices Odds Ratio (ОR) 95% CI p-value

Sex 0.3 0.12-0.74 0.09

Age 1.06 0.98-1.14 0.101

SBP 0.98 0.94-1.04 0.661

DBP 1 0.94-1.07 0.801

Heart rate 0.96 0.92-1.01 0.142

HrC 1.56 1.04-1.97 0.001*

Transitory ischemic attacks 0.69 0.14-2.93 0.583

ICD 1.32 0.45-3.83 0.608

Myocardial infarction 2.2 0.81-5.95 0.12

Pmax 4.81 4.07-5.94 0.001*

Pdis 4.9 4.86-5.93 0.001*

QRS 0.97 0.93-1.01 0.168

BMI 1.97 0.98-2.21 0.044*

LAD 3.8 2.65-4.09 0.040*

LAV 3.69 2.58-4.82 0.002*

LVEDD 1.76 1.58-1.99 0.046*

LVEDV 1.93 1.89-2.09 0.019*

LVESV 0.96 0.88-1.06 0.48

IVST 1.69 1.48-1.98 0.042*

LVPWT 0.83 0.55-1.24 0.368

EF 1.3 1.08-1.57 0.05*

Е peak 3.05 3.01-3.09 0.012*

А peak 0.93 0.86-1.00 0.059

Е/А 1.05 1.02-2.55 0.72

DT 0.97 0.95-1.00 0.071

IVRT 3.94 3.90-4.99 0.016*

HsCR 6.37 5.24-8.59 0.002*

IL-6 5.78 4.71-7.87 0.001*

TNF-α 2.51 2.37-4.68 0.002*

ТGF-β1 3.84 2.10-6.23 0.005*

Note: (*): p.05.



623 Interv. Cardiol. (2024) 16,S24: 618-624

Research Article

the particular importance of atrial damage in the occurrence of AF.

Based on the study of the relationship between left ventricular 
diastolic function (peak E, peak A, E/A ratio and IVRT deceleration 
time) and the risk of AF, it turned out that these parameters do not 
play an important role in the occurrence of paroxysmal AF, but are 
decisive in persistent AF.

Conclusion

In summary, our principal findings are as follows:

• In patients with HFmrEF, electrical remodelling of the atria, 
as well as BMI, play an important role in the occurrence of 
paroxysmal/persistent AF.

• Deterioration of LV diastolic function and changes in LA 
geometry are possible risk factors when paroxysmal/persistent 
forms of AF occur in patients with HFmrEF.

• An increase in the concentration of inflammatory markers 
contributes to the appearance of paroxysmal/persistent 
AF in patients with HFmrEF. An increase in the level of a 
profibrotic marker increases the likelihood of persistent AF in 
these patients.
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