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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is a
frequent cause of atrial fibrillation (A-fib). A paroxysm of A-fib will
protract the patients’ stay at hospital and increase their lethality risk
considerably. Despite extensive research done in this field, the predic-
tors of A-fib recurrence in COPD patients have not been definitively
studied.

Methods: Our single-institution prospective study involved 569 pa-
tients hospitalized for COPD exacerbation. Depending on whether
they developed an A-fib paroxysm while in hospital, we divided the
patients into two groups: group I (the main one) was composed of
111 COPD patients whose electrocardiogram (ECG) showed an A-
fib paroxysm during hospitalization, and group II (the comparison
group) comprised 458 COPD patients who had no A-fib paroxysm
in their entire hospitalization period. All the patients were given a
comprehensive clinical, laboratory, and instrumental examination
that included a complete blood count and blood chemistry test, co-
agulogram, room air oxygen saturation test, external respiration test,
standard ECG, echocardiogram, Holter daily ECG monitoring, and a
chest computed tomography (CT) scan.

Results: In exacerbated COPD patients, arterial hypertension (AH)
would increase their risk of developing an A-fib paroxysm by a factor
of 3.74 (confidence interval (CI) 2.78 - 4.19). Arrhythmic patients’
Charlson Comorbidity Index was veritably higher (5 (3 - 6) points)
than in the comparison group (3 (2 - 5) points) (P = 0.004). A-fib pa-
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tients had considerably lower oxygen saturation on room air (SpO,)
(91.8% (89-95%)) than non-arrhythmic patients (95.2% (91-97%)).
Right atrial area enlargement would increase exacerbated COPD pa-
tients’ risk of developing an A-fib paroxysm by a factor of 1.34 (1.16
- 1.56). A-fib patients were found to have a veritably raised level of
C-reactive protein to 21.0 mg/L (5.65 - 35.2 mg/L), compared to non-
arrhythmic patients with 8.3 mg/L (1.31 - 16.4 mg/L).

Conclusion: The development of an A-fib paroxysm in patients hos-
pitalized for exacerbated COPD is predicted by Charlson Comorbid-
ity Index above 4, right atrial area enlargement, and heightened C-
reactive protein.

Keywords: Atrial fibrillation; Chronic obstructive pulmonary dis-
ease; Predictors

Introduction

Atrial fibrillation (A-fib) is one of the most common heart
rhythm disorders. The onset of such arrhythmia leads to a
worsened quality of life, shortened life expectancy, and in-
creased risks of thromboembolic complications and cardiovas-
cular mortality.

Most A-fib patients have a “secondary” form of the ar-
rhythmia that develops in the presence of cardiac pathology
or internal diseases. Chronic obstructive pulmonary discase
(COPD) is a frequent cause of A-fib development [1]. A-fib
incidence is much higher in COPD patients than among the
general population and reaches 18.2% in exacerbated cases of
COPD [2]. As shown by Mullerova et al, in the first month after
a COPD exacerbation, the risk of cardiovascular diseases that
require hospitalization is higher than for patients who had no
exacerbation [3]. Hirayama et al showed the risk of A-fib par-
oxysms to treble within 30 days after a COPD exacerbation [4].

On the other hand, the onset of arrhythmia in COPD has
a negative effect on the patients’ prognosis. A paroxysm of A-
fib will protract the patients’ stay in hospital and increase their
lethality risk considerably. Abdullah et al showed A-fib to be
an independent predictor of mortality (odds ratio (OR): 1.44;
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confidence interval (CI): 133 - 156, P < 0.001), longer stay at
hospital (OR: 1.63; CI: 1.57 - 1.69, P < 0.001), and more costly
treatment (OR: 1.45; CI: 1.40 - 1.49, P <0.001) [5] for patients
hospitalized with exacerbated COPD.

A number of mechanisms behind A-fib development
in COPD are now under discussion. A study by the Malmo
Preventive Project assessed the significance of bronchial ob-
structive syndrome in arrhythmia development. The authors
showed forced expiratory volume in one second (FEV)) to
be inversely related to first A-fib onset incidence [6]. Some
studies showed hypercapnia and hypoxia to be significant in
arrhythmia development in COPD [7]. Altered blood gases
lead to increased pulmonary arterial pressure and tricuspid re-
gurgitation that overload the right atrium. Hypercapnia makes
atrial myocardium more refractory and significantly less con-
ductive. In an experimental study on porcine models, Linz et
al showed intrathoracic pressure fluctuations during bronchial
obstruction to temporarily shorten the right atrium’s effective
refractory period and to increase the probability of A-fib devel-
opment [8]. Terzano et al showed an effect of chronic systemic
inflammation in COPD patients on the development of A-fib
paroxysms [9], and the significance of oxidative stress in the
development of arrhythmia is also under discussion [10, 11].

Despite numerous studies in this field, the predictors of
A-fib recurrence in COPD patients have not been definitively
studied. The identification of generally comprehensible pre-
dictors of A-fib will improve both clinical status and prognosis
for COPD patients.

The purpose of the study was to identify predictors of an
A-fib paroxysm in patients hospitalized for COPD exacerba-
tion.

Materials and Methods

Study design

Our single-institution prospective study involved 569 pa-
tients admitted to the University Clinical Hospital No. 4 of the
Sechenov University with COPD exacerbation. Depending on
whether they developed an A-fib paroxysm while in hospital,
we divided the patients into two groups: group I (the main one)
was composed of 111 COPD patients whose electrocardiogram
(ECQG) showed an A-fib paroxysm during hospitalization, and
group II (the comparison group) comprised 458 COPD pa-
tients who had no A-fib paroxysm in their entire hospitaliza-
tion period. The average duration of their in-patient treatment
was 12 + 2.7 days. An A-fib paroxysm was confirmed on ECG
or daily ECG monitoring that attending doctors prescribed to
all the patients on admission and/or if they complained of heart
palpitations or interruptions.

The patient exclusion criteria were: bronchial asthma, acute
coronary syndrome, inflammatory heart diseases, heart defects,
chronic heart failure (CHF) with reduced left ventricular ejection
fraction (LVEF less than 50%), grave renal or hepatic pathology,
anemia, thyroid diseases, cancer, pregnancy, mental disorders,
and/or alcohol abuse, long-standing or persistent A-fib.

All the patients were given a comprehensive clinical, labo-

ratory, and instrumental examination that included a complete
blood count and blood chemistry test, coagulogram, room air
oxygen saturation test, external respiration test, standard ECG,
echocardiogram, Holter daily ECG monitoring, and a chest
computed tomography (CT) scan.

Ethical approval

The study was approved by the Local Ethics Committee of the
[.M. Sechenov First Moscow State Medical University (Sech-
enov University), as per meeting minutes No.19-23 of October
26, 2023. This study was conducted in compliance with the
ethical standards of the responsible institution on human sub-
jects as well as with the Helsinki Declaration.

Statistical data analysis

We used Jamovi 2.3.13 software for statistical data process-
ing. Veritably normal indicator distribution was tested with
the Kolmogorov-Smirnov test. The quantitative data are pre-
sented as the median and interquartile range (Me (Q1 - Q3)).
Binomial and categorical variables are presented in terms of
both absolute number and percentage. Continuous variables
were compared using the non-parametric Mann-Whitney U
test. Categorical variables were compared using Pearson’s 2
test. To explore the prognostic value of clinical, laboratory,
and echocardiographic parameters, univariate logistic re-
gression analysis was performed with calculation of OR and
95% CI. Predictors demonstrating statistical significance in
the univariate analysis (P < 0.05) were subsequently entered
into a multivariate logistic regression model. The results of
the multivariate analysis are presented as adjusted OR with
95% CI, allowing identification of independent predictors of
paroxysmal A-fib. The classification model’s cut-off point
threshold value was established using receiver operating
characteristic (ROC) analysis with area under curve (AUC)
calculation. Variations with P < 0.05 were considered statisti-
cally significant.

Results
Patients’ clinical profile

Group I patients were older and presented with more marked
bronchial obstruction and respiratory distress than group II pa-
tients. The incidence of arterial hypertension (AH), ischemic
heart disease (IHD), CHF, and obesity was higher in group I
than in group II (Table 1). All the patients included in our study
had long (10 to 35 years) histories of cigarette smoking; their
smoker index was 26.3 (12 - 29) pack-years in group I and
24.9 (10 - 30) pack-years in group II, without any veritable
difference. Arrhythmic patients’ Charlson Comorbidity Index
was veritably higher than in the comparison group (P = 0.004).

In group I and group II patients, 109 (98.1%) and 432
(94.3%) were on inhaled bronchodilators, 96 (86.5%) and
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Table 1. The Patients’ Clinical Profile

Clinical characteristics Group I Group II P-value
Number of patients, n 111 458 -
Average age, years, Me (Q1 - Q3) 69.0 (64.0 - 76.0) 66.0 (58.0 - 72.0) <0.001
Male, n (%) 79 (71.2%) 337 (73.6%) 0.609
COPD, bronchial obstruction degree, n (%)
Degree 1 0(0.0%) 26 (5.6%) 0.012
Degree II 15 (13.5%) 176 (38.4%) <0.001
Degree 111 65 (58.6%) 183 (40.0%) <0.001
Degree IV 31 (27.9%) 73 (15.9%) 0.003
Arterial hypertension, n (%) 111 (100%) 389 (84.9%) <0.001
Chronic coronary disease, n (%) 32 (28.8%) 46 (10.0%) <0.001
Chronic heart failure, n (%) 87 (78.3%) 320 (69.9%) <0.001
Chronic kidney disease, n (%) 27(24.3%) 98 (21.4%) 0.156
Type 2 diabetes mellitus, n (%) 29 (26.1%) 104 (22.7%) 0.278
Obesity, n (%) 55 (49.5%) 185 (40.3%) 0.021
Charlson Comorbidity Index, points 5(3-6) 3(2-9) 0.004
Forced expiratory volume in one second 34.8% (23.7-57.6%) 41.0% (27.5-65.4%) 0.039
(FEV,), %, Me (Q1 - Q3)
Oxygen saturation (SpO,) on room air 91.8% (89-95%) 95.2% (91-97%) 0.001

COPD: chronic obstructive pulmonary disease; Me (Q1 - Q3): median and interquartile range.

256 (55.9%) on inhaled corticosteroids, 67 (60.3%) and 259
(56.6%) on antihypertensive therapy with angiotensin-con-
verting enzyme (ACE) inhibitors/angiotensin receptor block-
ers, 32 (28.8%) and 46 (10%) on selective beta-blockers, and
29 (26.1%) and 104 (22.7%) on glucose lowering drugs. On-
going therapy data were included in our regression analysis
to assess their prognostic significance. An A-fib paroxysm in
hospital setting would be arrested by intravenous drip admin-
istration of amiodarone, 5 mg/kg body weight.

Echocardiography

All the patients included in our study had a preserved LVEEF,

with no veritable difference found between left ventricular
end-diastolic and end-systolic volume (EDV and ESV). Tran-
sthoracic echocardiography showed group I patients to have
LV myocardial mass, left atrial (LA) volume, right atrial (RA)
area, and right ventricular (RV) size veritably raised as com-
pared to group II patients (P < 0.05) (Table 2).

COPD and paroxysmal A-fib patients presented with veri-
tably higher systolic pulmonary artery pressure (sPAP) com-
pared to non-arrhythmic COPD patients.

Laboratory value changes in the groups under review

Hemoglobin level and absolute erythrocyte, platelet, and leu-

Table 2. Transthoracic Echocardiography Findings in the Groups Under Review

Attribute Group I Group II P-value
LVEEF, % 59.7% (56.7-61.3%) 60.3% (58.2-62.9%) 0.068
LVEDV, mL 112.7 (102; 122) 110.2 (98; 121) 0.480
LVESV, mL 43.6 (38-51) 43.1 (34 -47) 0.149
LVMI, g/m? 95.7 (87.2 - 119.1) 87.9 (73.5 - 110.9) 0.009
LA, mL 60.5 (54.7-71.2) 54.6 (46.5 - 62.1) 0.001
RA area, cm? 20.9 (18.5-23.7) 153 (13.9-18.8) <0.001
RV, cm 423.7-4.4) 3.6(3.6-3.8) 0.024
sPAP, mm Hg 45.8 (32-51) 34.5 (29 - 44) 0.011

LA: left atrium; LVEDV: left ventricular end-diastolic volume; LVEF: left ventricular ejection fraction; LVESV: left ventricular end-systolic volume; LVMI:
left ventricular mass index; RA: right atrium; RV: right ventricle; sPAP: systolic pulmonary artery pressure.
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Table 3. Comprehensive Blood Count in the Groups Under Review

Attribute Group I Group II P-value
Hematocrit, % 42.7% (37-46%) 43.9% (39-46%) 0.571
Erythrocytes, x 10'2/L 4.6 (4.1-5.2) 4.8(4.4-52) 0.085
Hemoglobin, g/L 140 (126 - 149) 143 (130 - 154) 0.128
Leukocytes, x 10%/L 12.2 (6.7 - 12.9) 11.3(7.3-12.4) 0.076
Lymphocytes (%) 19.7% (10.1-28.4%) 22.7% (14.4-31.9%) 0.051
Monocytes (%) 5.9% (4.4-8.4%) 6.2% (4.8-8.2%) 0.328
Neutrophils (%) 71.3% (61.7-81.2%) 67.4% (53.7-78.4%) 0.039
Basophils (%) 0.4% (0.2-0.7%) 0.4% (0.2-0.8%) 0.649
Eosinophils (%) 1.0% (0.2-2.2%) 1.1% (0.3-2.6%) 0.345
Platelets, x10'%/L 242 (185 -301) 256 (199 - 315) 0.087
ESR, mm/h 28.4(7.7-35.9) 19.0 (4.2-23.1) <0.001

ESR: erythrocyte sedimentation rate.

kocyte counts did not differ veritably between the groups. mg/L (1.31 - 16.4 mg/L) (Fig. 1).
Group [ patients presented with higher neutrophil count and

erythrocyte sedimentation rate (ESR) than group II patients Predictors of A-fib development in COPD exacerbation
(Table 3).

Blood chemistry tests showed no statistically veritable patients

difference between the groups. Paroxysmal A-fib patients pre-
sented with C-reactive protein veritably raised to 21.0 mg/L Our research culminated in the development of a model for as-
(5.65 - 35.2 mg/L), compared to A-fib free patients with 8.3 sessing the probability of COPD patients developing an A-fib
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Figure 1. C-reactive protein level in the groups under review.
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Table 4. Predictors of an A-fib Paroxysm Developing in Exacerbated COPD Patients

Univariate regression analysis

Multivariate regression analysis

Indicators

Unadjusted OR  95% CI P-value Adjusted OR  95% CI P-value
Arterial hypertension 3.74 2.78 -4.19 0.011 391 0.90-17.01 0.052
Charlson Comorbidity Index above 4 points 1.55 1.40-1.71 <0.001 1.61 1.27-2.05 <0.001
Oxygen saturation (SpO,) falling below 92% 1.96 1.86-2.13 0.025 2.58 0.97 - 6.87 0.067
Right atrial area, cm? 1.39 1.22-1.57 <0.001 1.34 1.16-1.56  <0.001
C-reactive protein, mg/L 1.06 1.04 - 1.08 <0.001 1.14 1.04 - 1.24 0.004

Cl: confidence interval; COPD: chronic obstructive pulmonary disease; OR: odds ratio.

paroxysm. Selected as potential predictors were those param-
eters that had made a statistically veritable difference as we
conducted univariate regression analysis. Multivariate logistic
regression identified Charlson Comorbidity Index > 4, right
atrial area, and C-reactive protein as independent predictors
of paroxysmal A-fib. Adjusted ORs with 95% CIs are shown
in Table 4.

To assess the risk of exacerbated COPD patients develop-
ing an A-fib paroxysm, we designed a mathematical model.
The correlation observed is described by the equation:

p:;xloo%,
l+e-z

2=-10.029+0.479% X, 00
+0.132x X p +0.259%x X,

where p is the probability of A-fib developing (%), X parison
is Charlson Comorbidity Index expressed in points, X zp is
C-reactive protein value expressed in mg/L, and X, is right
atrium area expressed in cm?.

The threshold value of the p logistic function was 27%:
with p > 27%, exacerbated patients’ risk of developing an A-
fib paroxysm was established as high, and with p < 27%, as
low. With this threshold value, the model was 87% sensitive
and 85% specific, and ROC AUC was 0.932 (Fig. 2).

Discussion

Our study has shown the incidence of cardiovascular diseases
among group I patients to be considerably higher than in group
II. Among independent predictors of COPD patients developing
an A-fib paroxysm, AH was the top contributor (OR: 3.74; CI:
2.78 -4.19, P<0.05). AH is known to predispose to A-fib devel-
opment and persistence due to its adverse hemodynamic effect
and excessive activation of the renin-angiotensin-aldosterone
system. AH significance in A-fib development has been demon-
strated in studies entitled Standardized Treatment of Pulmonary
Exacerbations II study (STOP-2), The Captopril Prevention Pro-
ject (CAPPP), and Lifestyle Interventions and Independence for
Elders study (LIFE) [12-14]. A high degree of AH diagnosed in
group I patients leads to left ventricular hypertrophy, disrupted
LV diastolic function, and left atrial distension.

Ninety-five (85.6%) group I patients were diagnosed with
three to six comorbidities; a Charlson Comorbidity Index

above 4 was an independent risk factor for an A-fib paroxysm
developing in COPD patients (1.61; CI: 1.27 -2.04, P<0.001).
The patients’ polymorbidity in the group under review includ-
ed COPD combined with cardiovascular diseases such as AH,
ischemic heart disease (IHD), CHF, and obesity. High activity
of the renin-angiotensin-aldosterone system, leading to fibro-
blast proliferation, altered electro-physiological characteristics
of atrial cardiomyocytes, and formation of an arrhythmogenic
substrate, is also considered an important pathogenetic com-
ponent behind cardiovascular complications in polymorbid
patients [11].

Right heart dilation is an important contributor to struc-
tural myocardial remodeling in COPD patients. Our study
showed an expanded right atrial area to heighten the risk of an
A-fib paroxysm developing in exacerbated COPD by a factor
of 1.34 (CI: 1.16 - 1.56). Xie et al refer to myocardial MRI
to convincingly show that an expanded right atrium is an in-
dependent risk factor for the development of first diagnosed
A-fib in the general population [15].

Hypoxia is considered a significant factor behind arrhyth-

— Specificity Sensitivity
1.00 4 //I
A
0.75 - :
0.50 1
0.25 1
0.00 A1
0.;)0 0.2.’5 O.'SO O.:/5 1.60

Figure 2. The sensitivity and specificity ROC curve of the mathemati-
cal model for assessing the probability of A-fib paroxysm recurrence
in exacerbated COPD patients. A-fib: atrial fibrillation; COPD: chronic
obstructive pulmonary disease; ROC: receiver operating characteristic.
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mia development in COPD patients. Our study showed SpO,
falling below 92% to increase the risk of an A-fib paroxysm
by a factor of 1.96 (CI 1.86 - 2.13, P <0.001). Respiratory dis-
tress induces a faster heart rate and greater excitability of atrial
tissue. An important consequence of lower tissue oxygenation
in COPD is a reduced amount of superoxide dismutase and
glutathione peroxidase [16], resulting in accumulation of free
radicals that affect the condition of lipid membranes as they
promote their peroxidation.

The pathogenetic role of inflammation in the A-fib devel-
opment and persistence is actively being discussed in the recent
years [17, 18]. Increased plasma levels of C-reactive protein
are a simple and highly sensitive marker of systemic inflam-
mation. Our study showed high concentrations of C-reactive
protein to be independent predictors of an A-fib paroxysm
developing in COPD exacerbation patients. Pro-inflammatory
cytokines are known to have an arrhythmogenic effect as they
affect the function of ion channels directly [19]. Electrophysi-
ological remodeling occurs, which includes reduction of re-
polarizing potassium currents, expression of connexins, and
disrupted metabolism of intra-cellular calcium. Through acti-
vation of the system of metalloproteinases, pro-inflammatory
cytokines foster the development of endothelial dysfunction,
which leads to death of cardiomyocytes amid hypoxia and ul-
timately to heart rhythm disturbances.

Conclusions

The independent predictors of an A-fib paroxysm developing
in patients hospitalized for an exacerbation of COPD thus in-
clude: Charlson Comorbidity Index above 4 points (OR: 1.53;
CIL: 1.11 - 2.12), right atrial area enlargement (OR: 1.21, CI:
1.02 - 1.44), and a raised level of C-reactive protein (OR: 1.07,
CIL: 1.01 - 1.14).
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