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Abstract

Background Atrial fibrillation (AF) frequently occurs in patients with chronic obstructive pulmonary disease (COPD)
and is associated with adverse clinical outcomes. We aimed to identify patients at risk for AF using amplified p-wave
duration (APWD) analysis on electrocardiogram (ECG) as non-invasive tool to diagnose an atrial cardiomyopathy
(AtCM) which is an established risk factor for AF.

Methods This subgroup analysis of the prospective COSYCONET cohort included 2,385 COPD patients from 31 study
centers with baseline sinus rhythm ECG and at least one follow-up examination. Of these, 73 patients showed AF
during follow-up and were propensity-score matched to controls. APWD was measured at baseline and future major
adverse cardiac and cerebrovascular events (MACCE) and health related outcome were assessed.

Results 219 COPD patients (70 [64-74] years, 79.5% male) were analyzed during a follow-up of 586 (210-1137)

days. APWD was significantly longer in patients with AF occurrence compared to controls (132 [125-141] ms vs. 124
[117-133] ms, p<0.001) and remained significant in multivariate regression analysis (OR: 1.05 [1.01-1.09], p=0.03). An
APWD > 131 ms was identified as best cut-off for AF prediction (62% sensitivity, 70% specificity, OR: 3.91 [2.58 to 5.95],
p<0.001). Patients with AF had a significantly higher MACCE rate (24.7% versus 8.2%, p=0.001) and a significantly
lower physical activity score (1,074 [264-4,776] vs. 2,706 [975-7,339], p=0.008).
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Conclusions This study demonstrates that ECG-based AtCM diagnosis identifies COPD patients at risk for AF, which
was associated with a substantially elevated MACCE rate and a significantly reduced physical activity. This easy,
cost-effective and widely available digital biomarker might enable early therapy initiation and prevention of adverse

clinical outcomes.

Trial registration NCT01245933 on Clinical-Trials.gov (Registration date: 22.11.2010).
Keywords Atrial fibrillation, COPD, Electrocardiography, Biomarker, Screening, MACCE

Background
Chronic obstructive pulmonary disease (COPD) is
often coincident with cardiovascular diseases [1, 2]. The
COSYCONET (COPD and SYstemic consequences-
COmorbidities NETwork) cohort study investigates the
interaction of COPD and extrapulmonal comorbidities
including patients from 31 study centers [3]. Especially
atrial fibrillation (AF) and heart failure frequently occur
in patients with COPD and are associated with worse
clinical outcomes [1, 2, 4-6]. Beyond shared common
risk factors, several COPD-specific conditions (e.g. exac-
erbation, lung hyperinflation, and airway obstruction) are
known to increase risk for AF and heart failure [4]. Some
recently published studies also hypothesized that COPD-
related systemic inflammation might result in an atrial
cardiomyopathy (AtCM) characterized by structural and
electrical remodeling [7-10]. This AtCM is linked to both
electrical disturbances which favors new-onset AF and
mechanical dysfunction of the atria increasing risk for
heart failure [11]. Recently, we could demonstrate that
atrial conduction delay caused by AtCM in patients with
AF can be quantified non-invasively by measurement of
the amplified p-wave duration (APWD) in digital electro-
cardiogram (ECG) [12, 13]. However, studies analyzing
the role of AtCM in patients with COPD are lacking.
Therefore, this study aimed to analyze APWD to iden-
tify COPD patients at risk for AF and to investigate its
significance for adverse clinical outcomes using data
from the COSYCONET study.

Methods
Study population
The prospective, observational COSYCONET cohort
enrolled 2,741 individuals aged>40 years with stable
COPD at 31 study centers between 2010 and 2013,
excluding patients with lung tumor, moderate or severe
exacerbation within the last four weeks prior to inclu-
sion, or history of major lung surgery [3]. All patients
underwent assessments including digital ECG, transtho-
racic echocardiography, laboratory parameters, blood
gas analysis, pulmonary function and tests for exercise
capacity and health-related questionnaires at baseline
(visit 1) and after 6, 18, 36, and 54 months (visits 2—5.

In our subgroup analysis, we included only patients
with baseline ECG showing sinus rhythm and at least

one follow-up examination with an available ECG. Of
these 2,385 patients, 73 showed AF in one of the follow-
up ECG-recordings and were therefore defined as study
group. We conducted a propensity score matching using
a 1:2 matching ratio and considering both established
cardiovascular and pulmonary risk factors for AF occur-
rence as potential confounders to define a control group
of 146 patients. An overview of the overall cohort and
the study population is illustrated in Fig. 1. To exclude
patients with possibly pre-existing AF diagnosis who
were in sinus rhythm at baseline, we also performed
a further subgroup analysis including only patients
who were not receiving oral anticoagulation therapy at
baseline.

The study was performed according to the declara-
tion of Helsinki, approved by the ethical committee of
the coordinating center at the University of Marburg
(ID of the approval: 200/09) and all patients gave writ-
ten informed consent prior to inclusion (identifier:
NCT01245933 on Clinical-Trials.gov, registration date:
22.11.2010).

Clinical and functional assessments

Details of clinical and functional assessments in COSY-
CONET have been described previously [3]. Lung func-
tion parameters were assessed in agreement with ATS/
ERS Task Force and results expressed as % predicted
using GLI Eqgs. [14-17]. COPD severity (grades 1-4)
and exacerbation (acute worsening, such as increased
shortness of breath, increased or purulent sputum) were
defined according to the GOLD criteria [18]. Hypox-
emia was defined as PaO, <65 mmHg and hypercapnia
as PaCO,>45 mmHg. Transthoracic echocardiography
was performed with focus on diastolic and systolic dys-
function and measurement of right ventricular wall
thickness to assess right ventricular remodeling as con-
sequence of increased right ventricular afterload due to
pulmonary vascular remodeling [19]. Inflammation was
analyzed using a systemic inflammation panel including
leucocytes, C-reactive protein (CRP), alpha 1 antitryp-
sin, interleukins 6 and 8, fibrinogen and tumor necrosis
factor (TNF). Furthermore, we measured serum levels
of high-sensitivity troponin I [20]. The BODE index was
calculated using body mass index (BMI), airway obstruc-
tion, dyspnea and exercise capacity [21]. Future major
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Fig.1 Overview of the overall cohort and the study population. AF, atrial fibrillation; ECG, electrocardiogram; SR, sinus rhythm; FU, follow-up * Individuals
aged >40 years with stable COPD, excluding patients with a lung tumor, a moderate or severe exacerbation within the last four weeks prior to inclusion,

or a history of major lung surgery

adverse cardiac and cerebrovascular events (MACCE)
were defined as at least one report of new-onset coronary
artery disease, myocardial infarction, stroke/transient
ischemic attack [TIA] and heart failure symptoms. To
investigate functional parameters timed up&go test and
6 min walk distance (6MWD) were performed [22, 23].
To assess daily physical activity and quality of life we used
the International Physical Activity Questionnaire (IPAQ)
and the Euro Quality of life 15 dimensions questionnaire
(EQ-5D), respectively and to analyze cognitive impair-
ment the DemTect test [24, 25].

Analysis of APWD

Digital 12-lead ECGs were recorded using ELI 10 elec-
trocardiograph (Mortara Instrument GmbH, Essen,
Germany) in all study centers. APWD was measured in
sinus rhythm ECGs at baseline of both the study and the
control group between earliest onset and latest end of the
p-wave in any of the 12 ECG leads by two independent

cardiologists blinded to any clinical data and out-
come after amplification of the ECGs to 80 mm/mV
with 175 mm/s sweep speed (Fig. 2) [12, 13]. The aver-
age length of both measurements was used to calculate
APWD as surrogate for AtCM.

Endpoints

The primary endpoint was to compare APWD in COPD
patients with and without occurrence of AF during fol-
low-up. The secondary endpoints were to analyze clinical
(future MACCE), functional and health related outcomes
in patients with AF and to investigate the influence of
hypoxemia, acute exacerbation, inflammation mark-
ers, airway obstruction and lung hyperinflation beside
known cardiovascular risk factors as predictors for AtCM
development.
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Fig. 2 Amplified p-wave duration (APWD) measurement (only the limb leads are illustrated) between earliest onset and latest end of the p-wave in any
of the ECG leads in two example patients with an APWD of 104 ms (Panel A) and an APWD of 181 ms (Panel B), respectively

Statistical analysis

Statistical analysis was performed using SPSS Statis-
tics 29 (IBM, New York, NY, USA) and Stata 18 (Stata-
Corp, College Station, Texas, USA). A propensity score
matching was conducted using the nearest neighbour
method without replacement. For the matching process,
the following established risk factors for AF were used
as pre-defined variables: age, sex, BMI, arterial hyper-
tension, diabetes mellitus, hyperlipidemia, obstructive
sleep apnea, smoking status, pack years, long-term oxy-
gen therapy and pulmonary function parameters for
both airway obstruction (forced expiratory volume in
one second [FEV,] and Tiffeneau-index [FEV1/forced
vital capacity(FVC)]) and lung hyperinflation (residual
volume/total lung capacity [RV/TLC] and transfer fac-
tor of the lung for carbon monoxide [TLCO]). Matched
groups were contrasted using Mann—Whitney U test or
Student’s t-test for continuous variables after testing for
normal distribution using Shapiro—Wilk test or Fisher's
exact test for categorical variables. Normally distributed
data are given as mean * standard deviation and skewed
distributed data as median with interquartile range (1st
and 3rd quartiles). Categorical data are given as num-
ber and percentage. In case of missing data, number of
available data is displayed and frequency is calculated
considering available data. Intraclass correlation coef-
ficient estimates and their 95% confidence intervals (CI)
on the basis of APWD measurements by two indepen-
dent cardiologists were calculated on the basis of a two-
way mixed-effects model for consistency. Based on the
Youden method, an optimal cut-off of APWD to predict
AF risk was identified performing receiver operating

curve (ROC) analysis. Univariate linear regression analy-
ses were conducted for APWD and left atrial diameter as
predictors for AF risk and for clinical relevant risk factors
for relevant AtCM as assessed by APWD. In the multi-
variate model, all variables with P<0.05 in the univariate
models were selected for analysis. Two-sided p-values
are given, and statistical significance was considered as
P-value<0.05.

Results

2,385 individuals included in the prospective, multi-
center COSYCONET cohort were analyzed. Of these,
73 patients had a sinus rhythm ECG available at base-
line, showed AF in one of the follow-up ECGs, and were
therefore defined as study group. The study group was
propensity score-matched to 146 controls selected from
2,312 patients with stable sinus rhythm on ECG. Baseline
clinical data of both the study and the control cohort are
displayed in Table 1. Median age was 70 (64—74) years
with the majority of patients being male. Patients in the
study cohort did not differ from the matched controls
regarding age, sex, BMI, both cardiovascular and pul-
monary risk factors as well as pulmonary function and
laboratory parameters. Patients in the study group were
significantly more often on oral anticoagulation and digi-
talis therapy and had a significant lower hypoxemia rate
and a significant higher DemTect score.

An overview of the subgroup analysis including 174
patients who were not receiving oral anticoagulation
therapy at baseline (58 patients in the study group and
116 propensity score-matched controls) is outlined in
Table 1 in the Supplement. There was no difference in
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Table 1 Clinical and functional characteristics at baseline (study inclusion)
Total Cohort (N=219) Study group (N=73) Control group P value
(N=146)
Clinical data
Age, years 70 (64-74) 69 (64-73) 70 (64-74) 0.36
Male, N (%) 174 (79.5) 56 (76.7) 118(80.8) 048
BMI, kg/m2 27.8(24.8-31.5) 28(25.2-31.0) 27.8(24.7-31.9) 0.92
Arterial Hypertension, N (%) 141 (64.4) 45(61.6) 96 (65.8) 0.55
Diabetes mellitus, N (%) 8(17.5) 10(13.7) 28(19.2) 0.35
Hyperlipidemia, N (%) 97 (44 3) 31(42.5) 66 (45.2) 0.77
Coronary artery disease, N (%) 63 (28.8) 21(28.8) 42 (28.8) 1.0
History of myocardial infarction, N (%) 26 (11.9) 7 (9.6) 9(13) 0.52
Heart failure (N=201), N (%) 11 (5.5) 4(5.9) (5.3) 1.0
History of stroke/TIA, N (%) 20(9.1) 5(6.8) (10.3) 1.0
Peripheral artery disease, N (%) 33(15.1) 14 (19.2) (13) 0.24
History of venous thrombosis, N (%) 18 (8.2) 6(8.2) 8.2 1.0
Obstructive sleep apnea, N (%) 37 (16.9) 13(17.8) (16.4) 0.85
Smoking status: 0.24
- Current smokers, N (%) 40(18.3) 17 (23.3) 23(15.8)
- Ex-smokers, N (%) 157 (71.7) 47 (64.4) 110 (75.3)
- Never smokers, N (%) 22 (10) 9(123) 13(8.9)
Pack years, years 41.1 (13.8-66.0) 37.8(10.3-64.3) 416 (16.0-67.9) 0.31
COPD grades (N=218): 0.86
-GOLD I, N (%) 37(17) 10(13.9) 27(18.5)
-GOLD II, N (%) 107 (49.1) 37 (51.4) 70 (47.9)
- GOLD IlI, N (%) 62 (284) 21(29.2) 41(28.1)
-GOLD IV, N (%) 12(5.5) 4(5.6) 8(5.5)
Therapy:
Anticoagulation therapy, N (%) 16 (7.3) 15 (20.5) 1(0.7) <0.001
Antiplatelet therapy, N (%) 84 (38.4) 22 (30.1) 62 (42.5) 0.08
Betablocker therapy, N (%) 57 (26) 25 (34.2) 32(21.9) 0.07
Digitalis therapy, N (%) 8(3.7) 6(8.2) 2(14) 0.02
Antiarrhythmic drug therapy:
- Class Il (Amiodarone, Dronedarone), N (%) 1(0.5) 1014) 0 (0) 033
Respiratory medication:
- LABA, N (%) 177 (80.8) 61 (83.6) 116 (79.5) 0.59
- LAMA, N (%) 144 (65.8) 47 (64.4) 97 (66.4) 0.77
-1CS, N (%) 138 (63.0) 44 (60.3) 94 (64.4) 0.56
- LABA/LAMA, N (%) 126 (57.5) 42 (57.5) 84 (57.5) 1.0
- LABA/ICS, N (%) 134 (61.2) 43 (58.9) 91 (62.3) 0.66
- LABA/LAMA/ICS, N (%) 96 (43.8) 31 (42.5) 65 (44.5) 0.89
Long-term oxygen therapy, N (%) 24(11) 9(12.3) 5(10.3) 0.65
Clinical status
Hypoxemia (N=212), N (%) 98 (46.2) 26 (35.6) 72 (51.8) 0.03
Hypercapnia (N=212), N (%) 11(5.2) 3(4.1) 8(5.8) 0.75
Exacerbation within the last 12 months: 0.77
- Max. 1 and without hospital admission, N (%) 126 (57.5) 41 (56.2) 85 (58.2)
- At least 2 or with hospital admission, N (%) 93 (42.5) 32(43.8) 61(41.8)
mMRC dyspnea scale>2, N (%) 92 (42) 33(45.2) 9(404) 0.56
BODE index>4 (N=214), N (%) 24(11.2) 8(11.3) ( 2) 1.0
DemTect score 16 (14-18) 17 (14-18) 15(13-17) 0.02
EQ-5D utility score 0.89 (0.79-1.00) 0.89 (0.79-1.00) 0.89 (0.79-0.92) 0.69
6MWD, m 440 (369-498) 441 (362-494) 440 (371-498) 0.98
IPAQ score 2,772 (814-5,661) 2,930 (834-6,251) 2,466 (792-5,577) 0.86
Timed up&go test, s 6.6 (5.5-8.0) 6.6 (5.5-8.0) 6.6 (5.5-8.0) 091
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Table 1 (continued)
Total Cohort (N=219) Study group (N=73) Control group P value
(N=146)
Laboratory:
Leukocytes, 107/ 7.7 (6.3-9.2) 8.0 (6.3-94) 7.6 (6.2-9.1) 0.49
CRP, nmol/I 38.1 (19-66.4) 40.0 (19.0-65.7) 38.1 (16.7-66.4) 0.52
Alpha-1 antitrypsin, umol, | 26.0 (22.8-28.9) 25.8 (22.3-28.6) 26.2(22.8-29.2) 0.89
Interleukin 6, pg/ml 29(0.6-6.9) 2.8(0.8-6.7) 29 (04—7 7) 0.87
Interleukin 8, pg/ml 4(53-12.2) 9(5.6-13.8) 2 (5.1 5) 0.27
TNF, pg/ml 6 (5-14.6) 6(5.4-14.6) 6 (4.7- 146) 0.70
Fibrinogen, g/ 4(1.8-3.3) 4(1.8-3.3) 4(1.8-33) 0.54
Troponin, ng/I 46 (2‘6—8‘1) 5.0(29-8.1) 3.8(26-83) 0.18
Creatinine, umol/I 79.6 (70.5-90.2) 79.6 (70.7-88.4) 79.6 (69.9-92.5) 0.55
Lung function:
FEV1 predicted, % 60420 58420 61+21 033
FVC predicted, % 79+19 77+21 7917 0.39
FEV1/FVC 58+13 57+12 58+14 0.70
SRaw,g, kPa s 149 (0.97-2.50) 147 (0.98-2.34) 1.51(0.97-2.51) 0.74
TGV, | 43 (3.5-54) 4.5 (3.6-5.5) 43(3.5-54) 0.56
TLC, | 72+15 72+15 72+£15 0.96
RV, 1 35(2.9-44) 36(2.9-43) 34(2.9-45) 0.71
RV/TLC, % 52+10 53+£11 51+£10 045
TLCO, % 60420 58+18 61+21 034
ECG findings:
APWD, ms 127 (119-136) 132 (125-141) 124 (117-133) <0010.
Echocardiographic findings:
LVEDD, mm 49+7 50+6 48+7 0.02
LVEF, % 61 (55-69) 62 (55-70) 61 (56-69) 0.84
Relevant (at least moderate) mitral valve regurgitation 59(31.2) 25(39.7) 34(27) 0.10
(N=189), N (%)
Left atrial diameter, mm 38+7 40+7 37+7 0.003
E, m/s 0.67 (0.56-0.81) 0.73(0.59-0.92) 0.64 (0.54-0.77) 0.007
A, m/s 0.78 (0.66-0.92) 0.77 (0.64-0.93) 0.78 (0.67-0.90) 0.68
E/A 0.82(0.68-1.01) 0.89 (0.68-1.16) 0.79 (0.68-0.95) 0.06
Septal e’, cm/s 7.3 (6.0-9.0) 7.2 (6.0-9.0) 7.3(5.9-9.0) 0.59
E/e’ 8.8 (7.4-114) 9.1(7.9-12.0) 8.6 (6.8-11.3) 0.23
E(dt), ms 224 (183-279) 226 (187-267) 223 (178-290) 0.81
Right ventricular wall thickness, mm 5.6 (4.3-6.9) 5.5(4.0-7.0) 55 (43-6.7) 0.93
TAPSE, mm 24+5 25+5 24+5 0.34

6MWD 6-min walk distance, APWD Amplified p-wave duration, BMI Body mass index, BODE index composed of BMI, airflow obstruction, dyspnea and 6MWD,
COPD Chronic obstructive pulmonary disease, CRP C-reactive protein, E(dt) E wave deceleration time, EQ-5D Euro quality of life | 5 dimensions questionnaire, FEV1
Forced expiratory volume in one second, FVC Forced vital capacity, GOLD Global initiative for chronic obstructive lung disease, ICS Inhaled corticosteroids, IPAQ
International physical activity questionnaire, ITGV Intrathoracic gas volume, LABA Long-acting beta2-agonist, LAMA Long-acting muscarinic antagonist, LDL Low
density lipoprotein, LVEDD Left ventricular end-diastolic diameter, LVEF Left ventricular ejection fraction, mMRC modified medical research council, RV Residual

volume, sRaw,, effective specific airway resistance, TAPSE Tricuspid annular plane systolic excursion, TIA Transient ischemic attack, TLC Total lung capacity, TLCO

Transfer factor of the lung for carbon monoxide, TNF Tumor necrosis factor

all clinical characteristics between patients in the study
cohort and the matched controls.

AtCM and risk for AF

APWD was measured by two independent investigators
with an interobserver reproducibility of 0.80 (95% CI:
0.74 to 0.85). Patients in the study group had a significant
prolonged APWD compared to controls (132 [125-141]
ms vs. 124 [117-133] ms, p<0.001, Fig. 3A). Left atrial
diameter was also significantly increased in patients at

risk for AF (40 +7 mm vs. 37 +7 mm, p =0.003). Further, a
low, but statistically significant correlation was observed
between APWD and left atrial diameter (r=0.27 [95% CI:
0.12 to 0.40), p<0.001). In univariate regression analysis,
APWD and LA diameter were both significant predictors
for AF occurrence with an odds ratio of 1.05 per milli-
second prolongation of APWD and 1.08 per millimeter
increase for LA diameter, respectively (both p<0.001). In
multivariate regression analysis including both param-
eters only APWD remained a significant risk factor with
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Fig. 3 Differentiation between patients with and without atrial fibrillation (AF) during follow-up using ECG-based atrial cardiomyopathy diagnosis. Panel
A Amplified p-wave duration (APWD) between patients with (study group) and without (control group) AF. Whiskers depict median with 25% and 75%
interquartile range. Panel B Definition of an APWD cut-off of >131 ms as the best predictor for AF occurrence with an area under the curve (AUC) of
0.680. Panel C Accurate differentiation between patients with (sensitivity of 62%) and without (specificity of 70%) AF risk using APWD cut-off of =131 ms

a 5% risk increase for AF occurrence per millisecond
(p<0.001). ROC analysis identified an APWD=>131 ms
as best cut-off to predict AF occurrence with 62% sen-
sitivity, 70% specificity and an odds ratio of 3.91 (95%
CI: 2.58-5.95, p<0.001, Fig. 3B+ C). In the subgroup of
patients with an APWD>131 ms, those who developed
AF exhibited a lower prevalence of coronary artery dis-
ease, and were significantly more likely to be active smok-
ers rather than former smokers. Furthermore, TLCO
was significantly reduced in patients who developed AF
within this subgroup. Detailed data for all parameters are
provided in Table 2 in the Supplement.

In the subgroup of patients without oral anticoagula-
tion therapy at baseline, APWD was the only param-
eter which was significantly different between study and
control group (131 [121-137] ms vs. 125 [117-134] ms,
p=0.008, Table 1 in the Supplement). ROC analysis iden-
tified also an APWD>131 ms as best cut-off to predict

AF occurrence with 55% sensitivity, 73% specificity and
an odds ratio of 3.10 (95% CI: 1.61 to 5.97, p <0.001).

Impact of AF on clinical outcome

Follow-up information of the total cohort is illustrated
in Table 2. AF occurred during a median follow-up of
586 (210-1,137) days. In patients with AF, MACCE rate
was significantly higher (24.7% versus 8.2%, p=0.001),
primarily driven by new-onset heart failure (18.6% vs.
5.8%, p=0.02). Left ventricular ejection fraction (LVEF)
and tricuspid annular plane systolic excursion (TAPSE)
in the study group were significantly lower at follow-up
(58 [50-65]% vs. 61 [58-68]%, p=0.009 and 21+4 vs.
24+5 mm, p=0.002, respectively). Furthermore, IPAQ
score was significantly lower in patients in the study
group compared to controls (1,074 [264—4,776] vs. 2,706
[975-7,339], p=0.008). Details of the follow-up for the
subgroup of patients without oral anticoagulation ther-
apy at baseline are provided in Table 3 in the Supplement.
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Table 2 Clinical and functional characteristics at follow-up
Total Cohort (N=219) Study group (N=73) Control group P value
(N=146)
Clinical Outcome:
MACCE, N (%) 30(13.7) 18 (24.7) 12(8.2) 0.001
New-onset coronary artery disease, N (%) 8(3.7) 5(6.8) 3.1 0.12
New-onset myocardial infarction, N (%) 3(14) 22.7) 1(0.7) 0.26
New-onset heart failure (N=179), N (%) 18(10.1) 11(18.6) 7(5.8) 0.02
New-onset stroke/TIA, N (%) 4(1.8) 22.7) 2(1.4) 0.60
Therapy:
Anticoagulation therapy, N (%) 38(17.4) 29 (39.7) 9(6.2) <0.001
Antiplatelet therapy, N (%) 86 (39.3) 24 (32.9) 62 (42.5) 0.19
Betablocker therapy, N (%) 67 (30.6) 35(47.9) 32(21.9) <0.001
Digitalis therapy, N (%) 10 (4.6) 7 (9.6) 3(2.1) 0.02
Antiarrhythmic drug therapy:
- Class Il (Amiodarone, Dronedarone), N (%) 1(0.5) 1(1.4) 0(0) 033
Respiratory medication:
- LABA, N (%) 165 (75.3) 59 (80.8) 106 (72.6) 0.24
- LAMA, N (%) 159 (72.6) 55(75.3) 104 (71.2) 0.63
-1CS, N (%) 129 (58.9) 44 (60.3) 85 (58.2) 0.88
- LABA/LAMA, N (%) 135(61.6) 48 (65.8) 87 (59.6) 046
- LABA/ICS, N (%) 118 (53.9) 39 (53.4) 79 (54.1) 1.0
- LABA/LAMA/ICS, N (%) 100 (45.7) 35(47.9) 65 (44.5) 0.67
Long-term oxygen therapy, N (%) 45 (20.5) 17 (23.3) 28(19.2) 048
Clinical status:
Hypoxemia (N=216), N (%) 101 (46.8) 27 (38.0) 74.(51.0) 0.08
Hypercapnia (N=216), N (%) 12(5.6) 4(5.6) 8(5.5) 1.0
Exacerbation within the last 12 months: 0.31
- Max. 1 and without hospital admission, N (%) 134 (61.2) 41 (56.2) 93 (63.7)
- At least 2 or with hospital admission, N (%) 85 (38.8) 32(43.8) 53(36.3)
Hospitalization since last visit, N (%) 88 (40.2) 36 (49.3) 52 (35.6) 0.06
Health status since last visit: 0.28
- Improved, N (%) 24(11.0) 5(6.8) 19(13.0)
- Idem, N (%) 105 (47.9) 34 (46.6) 71 (48.6)
-Worse, N (%) 90 (41.1) 34 (46.6) 56 (384)
mMRC dyspnea scale>2 (N=218), N (%) 101 (46.3) 39(534) 62 (42.8) 0.15
BODE index>4 (N=186), N (%) 24(129) 11(19.3) 13(10.1) 0.10
DemTect score 15(14-18) 16 (15-18) 15(13-17) 0.09
EQ-5D utility score 0.89 (0.79-1.00) 0.89 (0.79-0.90) 0.89 (0.79-1.00) 0.27
6MWD, m 420 (358-480) 390 (310-480) 425 (366-499) 0.11
IPAQ score 2,175 (537-6,255) 1,074 (264-4,776) 2,706 (975-7,330) 0.008
Timed up&go test, s 7.4 (6.0-9.0) 7.6(6.1-9.2) 7.1 (5.9-85) 0.24
Echocardiographic findings:
LVEDD, mm 50+7 4948 50+7 045
LVEF, % 60 (55-66) 58 (50-65) 61 (58-68) 0.009
Relevant (at least moderate) mitral valve regurgitation 70 (58.8) 31 (68.9) 39(52.7) 0.09
(N=119), N (%)
Left atrial diameter, mm 39+7 42+6 38+7 0.004
E, m/s 0.68 (0.57-0.81) 0.71 (0.55-0.96) 0.68 (0.57-0.79) 0.464
A m/s 0.80 (0.65-0.94) 0.70(0.51-091) 0.82 (0.67-0.94) 0.04
E/A 0.84 (0.70-1.01) 1.01 (0.68-1.19) 0.80 (0.70-0.97) 0.11
Septal e’,cm/s 7.0 (5.9-8.0) 7.9 (6.0-10.2) 6.7 (5.2-7.4) 0.01
E/e’ 10.0 (7.4-13.0) 9.7 (7.0-12.6) 10.3 (7.8-13.0) 043
E(dt), ms 216 (170-276) 184 (160-224) 238 (182-287) 0.002
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Table 2 (continued)
Total Cohort (N=219) Study group (N=73) Control group P value
(N=146)
Right ventricular wall thickness, mm 55(4.1-7.0) 59(44-7.1) 5.4 (4.0-7.0) 0.81
TAPSE, mm 23+5 21+4 24+5 0.002

6MWD 6-min walk distance, BODE index composed of BMI, airflow obstruction, dyspnea and 6MWD, E (dt) E wave deceleration time, EQ-5D Euro quality of life |
5 dimensions questionnaire, ICS Inhaled corticosteroids, IPAQ International physical activity questionnaire, LABA Long-acting beta2-agonist, LAMA Long-acting
muscarinic antagonist, LVEDD Left ventricular end-diastolic diameter, LVEF Left ventricular ejection fraction, MACCE Major adverse cardiac and cerebrovascular
events, mMRC modified medical research council, TAPSE Tricuspid annular plane systolic excursion, TIA Transient ischemic attack

Table 3 Uni- and multivariate regression analyses for markedly
prolonged APWD
Univariate regression

Multivariate re-

analysis gression analysis
Odds ratio (95% Pvalue Odds P value
Cl) ratio (95%
cl)
Age, years 1.04 (1.00-1.08) 0.036 1.05 0.026
(1.01-1.09)
Male 0.68 (0.34-1.35) 0.265
BMI, kg/m? 1.12 (1.06-1.19) <0.001 1.13(1.06- <0.001
1.20)
Arterial 1.92 (1.07-3.45) 0.028 147 0.224
Hypertension (0.79-2.75)
Diabetes mellitus  1.59 (0.79-3.20) 0.199
Hyperlipidemia 1.32(0.77-2.26) 0322
Obstructive sleep  1.69 (0.83-344)  0.148
apnea
Hypoxemia 1.10 (0.64-1.91) 0.727
Exacerbation 1.02 (0.59-1.75) 0954
within the last
12 months
Leukocytes, 10%1  1.00 (0.89-1.13)  0.974
CRP, nmol/I 1.00 (1.00-1.00) 0.225
Alpha-1 antitryp- 101 (0.96-1.05)  0.785
sin, umol, |
Interleukin 6, 1.00 (0.98-1.02) 0.687
pg/ml
Interleukin 8, 1.00 (0.96-1.05) 0.900
pg/ml
TNF, pg/ml 099 (0.97-1.01) 0475
Fibrinogen, g/I 0.96 (0.76-1.21) 0.728
FEV1, predicted % 1.00 (0.99-1.02)  0.683
FEV1/FVC 01 (0.99-1.03) 0.282
TGV, | 91(0.74-1.12) 0373
RV/TLC, % 099(0.97-1.02) 0574
TLCO, % 1.00 (0.99-1.02) 0912
Right ventricular ~ 1.05 (0.94-1.18) 0.405

wall thickness,
mm

BMI Body mass index, CRP C-reactive protein, FEV1 Forced expiratory volume
in one second, FVC Forced vital capacity, /TGV Intrathoracic gas volume, RV
Residual volume, TLC Total lung capacity, TLCO Transfer factor of the lung for
carbon monoxide, TNF Tumor necrosis factor

Consistent with the findings from the total cohort,
MACCE rate was significantly higher in patients with AF
during follow-up (27.6% versus 6.0%, p <0.001), mainly
attributed to new-onset heart failure (20.0% vs. 4.3%,

»=0.005) and new-onset coronary artery disease (8.6%
vs. 1.7%, p=0.04). Furthermore, LVEF, TAPSE and IPAQ
score were significantly reduced in patients with AF (58
[50-65]% vs. 65 [59-70]%, p =0.003; 21 + 3 vs. 24+ 4 mm,
p<0.001; 1,707 [258-4,995] vs. 2,795 [1,188-8,435],
p=0.02).

Risk factors for AtCM

Higher age, higher BMI and arterial hypertension were
statistically significant predictors of an APWD>131 ms.
In multivariate regression analysis, higher age and
higher BMI remained as independent predictors for an
APWD=>131 ms with an odds ratio of 1.05 per year and
1.13 per kg/m? increase, respectively (Table 3). The other
cardiovascular risk factors as well as hypoxemia, acute
exacerbation, inflammation markers, airway obstruction
and lung hyperinflation were not significantly associated
with an APWD=>131 ms (Table 3). In the subgroup of
patients without oral anticoagulation therapy at baseline
higher age, higher BMI and obstructive sleep apnea were
significant predictors of an APWD >131 ms in univariate
regression analysis. Consistent with the findings of the
total study cohort, higher age and higher BMI remained
as independent predictors for an APWD > 131 ms with an
odds ratio of 1.05 per year and 1.12 per kg/m? increase,
respectively (Table 4 in the Supplement).

Discussion

We report three main findings in this study: First, APWD
as surrogate for AtCM was significantly longer in a
cohort of COPD patients with AF occurrence compared
to a propensity-score matched control group without AF.
An APWD cut-off of>131 ms was proven suitable for
identifying patients at increased risk for AF. Second, AF
during follow-up was associated with both a substantially
elevated MACCE rate and a significantly decreased phys-
ical activity. Third, established cardiovascular risk factors
but no COPD related risk factors were significant predic-
tors of a markedly prolonged APWD.

Clinical relevance of AF in COPD patients

COPD significantly increases risk for AF [4, 5]. A recently
published analysis by Carter et al. including 31,646
patients with COPD reported a 39% increased AF risk
compared to matched controls of 158,230 patients
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without COPD [26]. Coincidence of AF and COPD is
associated with adverse clinical outcomes [1, 2, 4, 5].
Thereby, the temporal sequence is differentially associ-
ated with prognosis, where a COPD diagnosis preced-
ing an AF diagnosis has a higher mortality risk compared
with AF diagnosis preceding COPD diagnosis [27]. In our
study, we could also demonstrate that COPD patients
with AF occurrence during follow-up had a statistically
significant higher MACCE rate after a median follow-up
of 586 (210-1,137) days compared to propensity score-
matched controls without AF (24.7% vs. 8.2%, p=0.001).
Furthermore, physical activity was significantly reduced
in patients with AF (IPAQ score: 1,074 [264-4,776] vs.
2,706 [975-7,339], p=0.008, respectively) underlining
the impact of AF on patient-centered outcome as physi-
cal activity is an important feature of daily life [28]. These
results were confirmed after excluding patients with pos-
sibly preexisting AF diagnosis and oral anticoagulation
therapy at baseline, with AF patients showing a higher
MACCE rate (27.6% vs. 6.0%), a reduced LVEF (58% vs.
65%), an impaired TAPSE (21 vs. 24 mm) and a reduced
IPAQ score (1,707 vs. 2,795), respectively (all p <0.05).

Risk factors for AF in COPD patients

Multiple factors contribute to the development of AF
in COPD patients [4, 29]. Beyond shared common risk
factors such as higher age, smoking and chronic inflam-
mation, COPD-specific conditions like exacerbations,
lung hyperinflation, hypoxemia, and hypercapnia caus-
ing pulmonary vascular constriction, airway obstruc-
tion with lower FEV1, and emphysema increase AF risk
[4]. Additionally, certain COPD medications (especially
short-acting beta2-agonists and oral corticosteroids) and
comorbidities such as sleep apnea, arterial hypertension
and obesity have been associated with an increased AF
risk [4, 30, 31]. However, the precise pathophysiological
mechanisms between COPD and AF remain unclear. This
might be the reason that, to date, no prediction model
for AF in patients with COPD has been established.
Therefore, in order to find a more specific and novel
risk marker we conducted a propensity score matching
including most of the proposed established risk factors
for AF development. We could demonstrate that AtCM is
an important risk factor for AF in patients with COPD. A
prolonged APWD as surrogate for an AtCM was the only
significant risk factor for AF in our cohort in multivariate
regression analysis, underscoring its potential as a novel
diagnostic risk marker in COPD patients.

Role of AtCM in COPD patients

The current EHRA/HRS/APHRS/LAHRS consensus
statement defines an AtCM as “any complex of structural,
architectural, contractile or electrophysiological changes
affecting the atria with the potential to produce clinically
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relevant manifestations” [32]. The atrial changes are asso-
ciated with an atrial dilatation, contractile dysfunction of
the left atrium and interatrial conduction disturbances
[32]. Left atrial dilatation can be analyzed in transtho-
racic echocardiography which can, however, only be
performed by a cardiologist restricting the overall appli-
cation [19, 32]. An easier, more cost-effective and widely
available tool is therefore quantification of the inter-
atrial conduction disturbances in ECG [32]. Our group
recently demonstrated that measurement of the APWD
on digital ECG is able to identify patients with relevant
AtCM [12, 13]. In COPD patients, AtCM might be
caused by systematic inflammation in particular during
acute exacerbation, hypoxemia, airway obstruction and
hyperinflation triggering pulmonary vascular constric-
tion [4]. Hiram et al. demonstrated that induced right
heart disease in Wistar rats resulted in significant fibrosis
in both the right and left atria, which produced signifi-
cantly increased conduction abnormalities and a signifi-
cantly increased AF vulnerability [33]. To the best of our
knowledge, the current study is the first investigating if
ECG-based AtCM diagnosis is able to predict AF risk in
COPD patients. We could demonstrate that patients with
AF occurrence had a statistically significant prolonged
APWD compared to matched controls (132 [125-141)]
ms vs. 124 [117-133] ms, p<0.001). This was also appar-
ent in the subgroup of patients without oral anticoagula-
tion therapy at baseline. Left atrial diameter as another
surrogate for an AtCM was also significantly different
between patients with and without AF (40+7 mm vs.
37 +7 mm, p =0.003). However, in multivariate regression
analysis including both parameters only APWD remained
a significant risk factor with a 5% risk increase for AF
occurrence per millisecond prolongation (p<0.001). We
also defined an APWD cut-off of>131 ms to predict AF
occurrence. This threshold is similar to the recently pub-
lished APWD cut-off of>136 ms which was reported as
optimal threshold to identify patients with AF diagnosis
based on the analysis of their ECGs recorded in sinus
rhythm [34]. We could identify higher age, higher BMI,
obstructive sleep apnea and arterial hypertension as pre-
dictors for a markedly prolonged APWD which is in line
with previous studies [32, 35]. In contrast COPD-related
risk factors such as inflammation, exacerbation, hypox-
emia, airway obstruction, hyperinflation and right ven-
tricular remodeling were not associated with AtCM. This
might be explained by the fact that most of these factors
were included in the matching process in order to find a
novel, more specific risk factor for AF in COPD patients.
Interestingly, within the subgroup of patients with mark-
edly prolonged APWD, those who developed AF exhib-
ited a significantly lower prevalence of coronary artery
disease, a higher rate of active smoking, and a reduced
TLCO compared to patients who did not develop AF.
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Thus, in COPD patients with ECG-based evidence of
AtCM, respiratory factors (such as active smoking and
reduced TLCO) appear to play an additional role in the
development of AF [4].

Future perspectives

This study emphasizes the role of AtCM in AF patho-
genesis among COPD patients. Thereby, especially car-
diovascular risk factors such as higher BMI, arterial
hypertension and obstructive sleep apnea were associ-
ated with AtCM highlighting the need of an interdis-
ciplinary collaboration between pulmonologists and
cardiologists to optimize risk factors from both disci-
plines. This is in accordance with the recently published
European Society of Cardiology guidelines on AF, which
underscore the importance of managing cardiovascular
risk factors as crucial part of the therapeutic regimen
for AF [36]. Further large-scale randomized studies are
needed to investigate if COPD patients with relevant
AtCM will benefit from more extensive AF screening and
a more strict adjustment of cardiovascular risk factors to
prevent future AF which significantly increases risk for
MACCE.

Limitations

First, we defined a novel threshold for APWD to diag-
nose relevant AtCM in this proof-of-concept study with-
out external validation. Future large-scale studies are
required to confirm this cut-off. Second, we analyzed
a selected subgroup from the COSYCONET cohort
which accounted for the higher proportion of male
patients compared to the overall COSYCONET cohort.
Third, patients in the study cohort were significantly
more often on oral anticoagulation therapy at baseline
suggesting that AF may have been a pre-existing diag-
nosis in a majority of these patients before study inclu-
sion. To address this, we conducted a subgroup analysis
of patients without anticoagulation therapy at baseline,
which corroborated the findings from the total cohort.
Fourth, AF screening was only performed during stan-
dardized follow-up visits using 12-lead ECGs. Therefore,
precise time to event is missing and AF rate might be
underestimated due to lack of a systematic Holter-ECG
screening. Fifth, data on right heart parameters were
limited. Especially, right heart catheterization to evalu-
ate impact of pulmonary hypertension has not been per-
formed and systolic pulmonary arterial pressure was not
routinely measured. Instead, we used right ventricular
wall thickness as surrogate for right ventricular remod-
eling. Sixth, physical activity was assessed solely through
questionnaires, without the use of objective measures
such as pedometers or accelerometers. Seventh, sys-
tematic measurements of natriuretic peptides, includ-
ing ANP and BNP as recognized biomarkers associated
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with AF risk, were not available in our study. However,
a notable limitation of these biomarkers is their lack of
specificity, as elevated levels are observed in a variety of
cardiac conditions. In contrast, APWD is a more specific
marker for AtCM. Eighth, although a COPD cohort has
been examined, it cannot be deduced that the findings
are specific for COPD. Also, other risk factors for AF, as
commonly occurring in a population exhibiting the pres-
ent characteristics, could be of relevance.

Conclusions

ECG-based diagnosis of AtCM in patients with COPD
allows identification of patients at risk for AF which was
associated with a substantially elevated MACCE rate and
a significantly reduced physical activity. COPD patients
with AtCM should therefore be monitored more closely
and receive interdisciplinary follow-up by both pulmon-
ologists and cardiologists to optimize risk factors.

Abbreviations

6MWD 6 Minutes walk distance

AtCM Atrial cardiomyopathy

AF Atrial fibrillation

APWD Amplified p-wave duration

BMI Body mass index

a Confidence interval

COPD Chronic obstructive pulmonary disease

CRP C-reactive protein

ECG Electrocardiogram

EQ-5D Euro Quality of life | 5 dimensions questionnaire
FEV, Forced expiratory volume in one second

FVC Forced vital capacity

GOLD Global Initiative for Chronic Obstructive Lung Disease
IPAQ International Physical Activity Questionnaire
LVEF Left ventricular ejection fraction

MACCE ~ Major adverse cardiac and cerebrovascular events
ROC Receiver operating curve

RV Residual volume

TAPSE Tricuspid annular plane systolic excursion

TIA Transient ischemic attack

TNF Tumor necrosis factor

TLC Total lung capacity

TLCO Transfer factor of the lung for carbon monoxide
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