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Abstract
Chronic obstructive pulmonary disease (COPD) increases the risk of mortality in non-valvular atrial fibrillation (NVAF) 
patients. Data on the relationship of COPD to major cardiovascular events (MACE) in AF have not been defined. The aim of 
the study is to assess the predictive value of COPD on incident MACE in NVAF patients over a 3-year follow-up. In the Atrial 
Fibrillation Registry for Ankle-Brachial Index Prevalence Assessment-Collaborative Italian Study (ARAPACIS) cohort, we 
evaluate the impact of COPD on the following clinical endpoints: MACE (including vascular death, fatal/non-fatal MI and 
stroke/TIA), cardiovascular (CV) death and all-cause mortality. Among 2027 NVAF patients, patients with COPD (9%) are 
more commonly male, elderly and at higher thromboembolic risk. During a median 36.0 months follow-up, 186 patients 
experienced MACE: vascular death (n = 72), MI (n = 57), stroke/TIA (n = 57). All major outcomes (including stroke/TIA, MI, 
vascular death, and all-cause death) are centrally adjudicated. Kaplan–Meier curves show that NVAF patients with COPD 
are at higher risk for MACE (p < 0.001), CV death (p < 0.001) and all-cause death (p < 0.001). On Cox proportional hazard 
analysis, COPD is an independent predictor of MACE (Hazard ratio [HR] 1.77, 95% Confidence Intervals [CI] 1.20–2.61; 
p = 0.004), CV death (HR 2.73, 95% CI 1.76–4.23; p < 0.0001) and all-cause death (HR 2.16, 95% CI 1.48–3.16; p < 0.0001). 
COPD is an independent predictor of MACE, CV death and all-cause death during a long-term follow-up of NVAF patients.

Keywords  Chronic obstructive pulmonary disease · Atrial fibrillation · Cardiovascular mortality · Major cardiovascular 
events

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a major 
cause of morbidity and mortality worldwide [1, 2]. Its preva-
lence is steadily rising resulting in a significant economic 
and social burden. COPD has been considered for many 
years to be a predominantly respiratory disease; however, 
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COPD is increasingly recognized as a systemic disease 
with significant clinical extra-pulmonary effects, leading to 
a worsening prognosis [1, 3, 4]. There is a growing body of 
evidence that COPD may be complicated by cardiovascular 
diseases (CVD) including right ventricular dysfunction and 
pulmonary hypertension, as well as coronary artery disease 
and dysrhythmias such as non-valvular atrial fibrillation 
(NVAF) [5]. Of note, a substantial proportion of deaths in 
patients with mild COPD are due to CVD complications 
[6]. Consistent with this, COPD displays a prothrombotic 
tendency as indicated by enhanced urinary excretion of 
11-dehydro-Thromboxane B2, a reliable marker of in vivo 
platelet activation [7, 8].

It appears increasingly evident that the clinical history 
of AF may be complicated by major adverse cardiovas-
cular events (MACE) of atherothrombotic origin such as 
myocardial infarction (MI) [9, 10]. Thus, more than half of 
deaths in NVAF patients treated with oral anticoagulation 
are unrelated to systemic thromboembolism [11]. Based on 
epidemiological data, COPD is present in 10–15% of AF 
patients, and is independently associated with increased risk 
of cardiovascular and non-cardiovascular mortality among 
anti-coagulated NVAF patients [11, 12]. A recent ancillary 
analysis of the EURObservational Research Programme 
Pilot Survey on Atrial Fibrillation Registry Pilot Phase 
(EORP-AF), enrolling 3086 consecutive patients finds that 
COPD is significantly associated with all-cause death after 
1 year follow-up [13].

The predictive value of COPD in NVAF patients on 
MACE occurrence, i.e. CV death and death from any cause 
over a long-term follow-up is still unknown. Therefore, we 
evaluate the association between COPD and MACE in the 
Atrial Fibrillation Registry for Ankle-Brachial Index Preva-
lence Assessment-Collaborative Italian Study (ARAPACIS 
Study) [14, 15], a large population affected by NVAF pro-
spectively followed up for approximately 3 years.

Materials and methods

The study reports on a pre-specified secondary analysis 
of the ARAPACIS study. Specifically, ARAPACIS is a 
multicenter, observational, prospective study held by the 
Italian Society of Internal Medicine (ClinicalTrials.gov 
-NCT01161251). The methods and baseline data from the 
ARAPACIS study have previously been published [14, 16]. 
Patient enrollment started October 1st 2010 and contin-
ued until October 31th 2012. This study was conducted in 
accordance with the EU Guidance on Good Clinical Practice 
and the Declaration of Helsinki.

In brief, the registry population comprised 2027 in- and 
out-patients recruited from 136 Italian centers belonging 
to all the three macro-regions (North, Center, South). The 

study was initiated at the site level after local and ethics 
committee’s approval requirements were obtained. Patients 
with a diagnosis of NVAF in the preceding 12 months were 
consecutively enrolled, after they gave written informed 
consent. Exclusion criteria were: (i) acquired or congeni-
tal valvular AF, (ii) active cancer or coexistence of disease 
with life expectancy less than 3 years and (iii) pregnancy or 
hyperthyroidism.

The diagnosis of COPD was reported by each investiga-
tor in the case report form at the time of enrollment. As for 
other risk factors, Investigators were asked to follow inter-
national guidelines to define COPD [1]. Anthropometric 
data, complete medical history interview and a comprehen-
sive pharmacological history were recorded at the baseline 
visit to detect the presence of cardiovascular risk factors, 
previous cardio- and cerebrovascular events, other comor-
bidities and pharmacological impact. Patients were classified 
using international guidelines as paroxysmal, persistent or 
permanent AF, and risk of ischemic stroke assessed by the 
CHA2DS2-VASc score [17, 18].

End‑point definitions

The end-point of the follow-up study is to define the inci-
dence of major adverse vascular events among the cohort of 
NVAF patients.

MACE includes vascular death, fatal/non-fatal MI and 
stroke/TIA.

Vascular death includes: cardiac decompensation, heart 
failure, sudden or unwitnessed death, dysrhythmia, venous 
thromboembolism, procedure related death and presumed 
cardiovascular deaths (i.e. those for which a non-cardiovas-
cular cause had not been clearly established).

The diagnosis of myocardial infarction was made accord-
ing to the definition proposed by the Joint European Society 
of Cardiology/American College of Cardiology Foundation/
American Heart Association/World Heart Federation (ESC/
ACCF/AHA/WHF) Task Force [19]. If a patient died within 
4 weeks of MI, this event was recorded as fatal MI. Ischemic 
stroke was determined on clinical manifestations and con-
firmed by radiological findings [20]. Even in this case, if a 
patient died in 4 weeks from stroke, this event was classified 
as fatal.

Cardiovascular death was defined as an outcome includ-
ing vascular death, fatal MI and fatal stroke. Non-cardiovas-
cular death (including cancer, intracranial bleeding, infec-
tious disease, acute respiratory failure, unexplained, other) 
were centrally adjudicated.

Validation of events

Data on MACE and death were prospectively collected 
during follow-up by each center. Details on every vascular 
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event, as well as death certificates, hospital discharge let-
ter, copy of the medical records of hospitalization, were 
obtained from patients, or in case of death, from patients’ 
relatives or general practitioner and were retained in each 
enrolling center.

A blinded committee composed by internal medicine, 
neurology and cardiology seniors (F.P., P.E.P., M.L.S.) 
adjudicated events. When the two evaluators agreed, the 
event was adjudicated. Otherwise, whenever the two eval-
uators were discordant, the event was adjudicated after a 
collegial discussion among the study Steering Committee.

Statistical analysis

Details on study design have already been published 
[14]. Variables are reported as mean and standard devia-
tion (SD), or as median and interquartile range (IQR) as 
appropriate. Comparisons between groups were performed 
by t test or Mann–Whitney U test or Chi-square test or 
Fisher’s exact test. Separate Kaplan–Meier curves were 
built for clinical endpoints according to the presence of 
COPD. Log-rank test was performed to analyze differ-
ences in survival distributors between subgroups. Multi-
variate Cox models were used to assess clinically relevant 
variables and COPD effect on the endpoints. A forward 
stepwise model selection procedure based on the Akaike 
Information Criterion (AIC) was used to select the best 
multivariate regression model [21].

Subgroup analysis of warfarin-treated patients. To 
exclude that a sub-optimal antithrombotic treatment may 
influence the association between COPD and MACE, we 
performed a subgroup analysis in 467 patients treated 
with vitamin K antagonists (VKAs), for whom the time 
in therapeutic range (TTR) was obtained as previously 
described [22]. For this analysis, patients were divided 
into four groups according to TTR values: group 1: 0–50%, 
group 2: 51–60%, group 3: 61–70%, group 4: > 70%.

Subgroup analysis of urinary excretion of 11-deydhro-
thromboxane (Tx) B2. To investigate the potential mecha-
nism accounting for MACE occurrence, we measured uri-
nary excretion of 11-deydhro-TxB2 (U-TxB2), a validated 
marker of platelet activation, which has been shown to 
predict MACE in NVAF [23]. Urine sample was available 
in 624 AF patients, in whom TxB2 was measured as previ-
ously described [24]. All patients were treated with VKAs 
only. For Cox regression analysis, values of U-TxB2 were 
log-transformed.

A two-sided p value < 0.05 was considered as statisti-
cally significant. All analyses were performed using SPSS 
v. 22 (IBM, NY, USA) and R v. 3.0.2 (R development core 
team, Vienna, Austria).

Results

Demographic and clinical characteristics of the population 
have been previously reported [14]. In brief, mean age 
is 73 ± 10 years, and 55% are male. Permanent NVAF is 
observed in 44.5% of patients. Among cardiovascular risk 
factors, hypertension, dyslipidemia and diabetes mellitus 
are present in 82.5, 38.5 and 23.0% of patients, respec-
tively. Three hundred twenty-eight patients (16.2%) have 
had a previous MI and 11.6% have experienced a previ-
ous stroke/TIA. Median CHA2DS2-VASc is 3 (2–4), with 
84.4% of patients showing a CHA2DS2-VASc value ≥ 2. 
Concerning stroke prevention, 1,935 patients (60.7%) 
were treated with oral anticoagulants (OAC), while anti-
platelet agents (AP) and a combined therapy including 
AP and OAC were recorded in 19.2 and 4.5% of patients, 
respectively.

Of the overall population, 185 patients (9%) have 
COPD. Table 1 summarizes clinical characteristics of 
patients with or without COPD. Patients with COPD 
are significantly older and more frequently male. Previ-
ous MI and heart failure (HF) is more prevalent amongst 
patients with COPD (Table 1). Median CHA2DS2-VASc 
values are significantly higher in patients with COPD 
as well as the proportion at high thromboembolic risk 
(CHA2DS2-VASc ≥ 2). Beta-blockers were less prescribed 
and digoxin more used amongst COPD patients (Table 1).

Follow‑up and clinical outcomes

All patients were followed for a median of 36.0 (IQR 
22–36) months yielding 4768 patient-years of observation. 
At follow-up, 186 patients have experienced MACE as 
follows (3.9%/year): vascular death (n = 72), fatal (n = 16) 
or non-fatal MI (n = 41), fatal (n = 22) or non-fatal stroke/
TIA (n = 35). NVAF patients with COPD have higher rates 
for MACE, CV death, and all-cause death (Table 2 and 
Figs. 1, 2).

On Cox proportional hazard analysis, age > 75 years 
[Hazard Ratio (HR): 2.02, 95% Confidence Intervals (CI) 
1.37–2.98; p < 0.0001], vascular disease (MI, PAD and com-
plex aortic plaque) (HR 1.97, 95% CI 1.44–2.69; p < 0.001), 
COPD (HR 1.77, 95% CI 1.20–2.61; p = 0.004) and HF (HR 
1.56, 95% CI 1.12–2.15; p = 0.008), previous Stroke/TIA 
(HR 1.55, 95% CI 1.06–2.26; p = 0.024) and antithrombotic 
therapy use (i.e. VKAs alone or combined with AP versus no 
treatment) (HR 0.57, 95% CI 0.40–0.80; p = 0.001) are inde-
pendent predictors of MACE in a model adjusted for gen-
der, hypertension, diabetes mellitus, dyslipidemia, smoking 
habit, beta-blockers, ACEs, digoxin, clearance creatinine, 
statins, ARBs, and anti-dysrhythmic agents.
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Table 1   Baseline clinical 
characteristics and 
pharmacological treatments 
according to COPD presence

ACEIs angiotensin-converting enzyme inhibitors, APs anti-platelets, ARBs angiotensin II receptor blockers, 
BMI body mass index, #C Congestive heart failure (or Left ventricular systolic dysfunction) (Points:1), H 
Hypertension (Points:1), A2 Age ≥ 75 years (Points:2), D diabetes mellitus (Points:1), S2 Prior Stroke or 

Patients without 
COPD
n = 1842

P Patients with COPD
n = 185

Age, years (mean ± SD) 73.1 ± 10.1 < 0.0001¶ 76.2 ± 8.6
Age classes
< 65, n (%)
65–74, n (%)
≥ 75, n (%)

(29.2)
(24.7)
(46.1)

0.006* (21.6)
(20.0)
(58.4)

Females, n (%) 847 (46) 0.04762* 71 (38)
AF type
Paroxysmal, n (%)
Persistent, n (%)
Permanent AF, n (%)

758 (41)
266 (15)
818 (44)

0.18237* 84 (45)
18 (10)
83 (45)

Arterial Hypertension, n (%) 1521 (83) 0.88834* 152 (82)
Dyslipidaemia, n (%) 705 (38) 0.45448* 76 (41)
Smoking Habit, n (%) 278 (15) 0.70615 * 26 (14)
Diabetes, n (%) 420 (23) 0.52485* 46 (25)
Previous MI, n (%) 288 (16) 0.03507 * 40 (22)
Previous stroke/TIA, n (%) 214 (11) 0.91406* 21 (11)
Heart failure, n (%) 349 (19) < 0.0001* 63 (34)
BMI, Kg/m2 (mean ± SD)a 27.8 ± 5.0 0.64183¶ 27.7 ± 5.3
Clearance creatinine (MDRD), ml/min 

(mean ± SD)b
74.7 ± 25.1 0.30213¶ 72.4 ± 26.2

CHA2DS2-VASc, (median [IQR]) 3 [2–4] 0.00074§ 4 [3–5]
CHA2DS2-VASc classes
Score 0, n (%)
Score 1, n (%)
Score ≥ 2, n (%)

78 (4)
221 (12)
1543 (84)

0.01436* 1 (0)
16 (9)
168 (91)

Concomitant therapies
 Antithrombotic therapy
 NONE, n (%)
 APs, n (%)
 OAC, n (%)
 OAC + APs, n (%)

278 (15)
357 (19)
1118 (61)
89 (5)

0.6022* 38 (20)
32 (17)
112 (61)
3 (2)

 Statins, n (%) 368 (36) 0.89450* 68 (37)
 Antiarrhythmics, n (%) 495 (27) 0.55612 * 46 (25)
 Beta-blockers, n (%) 761 (41) 0.02762 * 61 (33)
 ACEIs, n (%) 651 (35) 0.83928* 64 (35)
 ARBs, n (%) 636 (34) 0.18938* 55 (30)
 Calcium channel blockers, n (%) 496 (27) 0.41408 * 55 (30)
 Diuretics #, n (%) 704 (55) 0.46032* 56 (51)
 Nitrates, n (%) 247 (13) 0.43055* 31 (17)
 Digoxin, n (%) 339 (18) 0.00452* 50 (27)
 Oral antidiabetics, n (%) 271 (15) 0.87712* 28 (15)
 Insulin, n (%) 100 (5) 0.74579* 9 (5)
 PPI, n (%)c 267 (21) 0.07639 15 (14)

Politherapy (> 5 drugs), n (%)c 691 (54) 0.27760 53 (49)
Adherence, n (%)d 836 (66) 0.72930 70 (65)
Groups of TTR, n (%)e p = 0.025*
Group 1: 0–50%. 93 (21.9) 18 (41.9)
Group 2: 51–60% 82 (19.3) 4 (9.3)
Group 3: 61–70% 96 (22.6) 8 (18.6)
Group 4: > 70% 153 (36.1) 13 (30.2)
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Cardiovascular death

On Cox proportional hazard analysis, age > 75 years (HR 
3.92, 95% CI 2.14–7.17; p < 0.0001), COPD (HR 2.73, 
95% CI 1.76–4.23; p < 0.0001), HF (HR 1.84, 95% CI 
1.23–2.75; p = 0.003), vascular disease (HR 1.82, 95% CI 
1.22–2.71; p = 0.003), previous Stroke/TIA (HR 1.67, 95% 
CI 1.03–2.70; p = 0.036) and antithrombotic therapy (i.e. 
VKAs alone or combined with AP) (HR 0.36, 95% CI 
0.24–0.55; p < 0.0001) are independent predictors of car-
diovascular death in a model adjusted for gender, hyper-
tension, diabetes mellitus, dyslipidemia, smoking habit, 
beta-blockers, ACEs, digoxin, clearance creatinine, statins, 
ARBs, and anti-dysrhythmic agents.

All‑cause death

On Cox proportional hazard analysis, age > 75 years (HR 
5.03, 95% CI 2.90–8.71; p < 0.001), age 65–74 years (HR 
2.52, 95% CI 1.33–4.75; p = 0.004), COPD (HR 2.16, 
95% CI 1.48–3.16; p < 0.0001), HF (HR 2.02, 95% CI 
1.47–2.80; p < 0.001), previous Stroke/TIA (HR 1.55, 95% 
CI 1.04–2.29; p = 0.030), vascular disease (HR 1.41, 95% 
CI 1.00–1.98; p = 0.047) and antithrombotic therapy (i.e. 
VKAs alone or combined with AP versus no treatment) 
use (HR 0.44, 95% CI 0.31–0.62; p < 0.0001) are inde-
pendent predictors of all-cause death in a model adjusted 
for gender, hypertension, diabetes mellitus, dyslipidemia, 
smoking habit, prior Stroke/TIA, beta-blockers, ACEs, 

TIA or thromboembolism (Points: 2), V Vascular disease (previous MI, peripheral arterial disease or aortic 
plaque) (Points: 1), A Age 65–74 years (Points: 1), Sc Sex category (female gender) (Points:1), DVT deep 
vein thrombosis, IQR interquartile range, MI myocardial infarction, NS not significant, OAC oral anticoagu-
lants, PE pulmonary embolism, PPI protonic pump inhibitors, TIA transient ischemic attack, TTR​ time in 
therapeutic range
¶ = t test; * χ2 = test; § = Mann–Whitney U Test
a BMI available in 1971 patients
b Clearance creatinine (MDRD) available in 1691 patients
c Politherapy, PPI and diuretics are available in 1388 patients
d Adherence available in 1366 patients
e TTR available in 467 patients

Table 1   (continued)

Table 2   Events during the 
follow-up according to COPD 
presence

MI myocardial infarction, Cardiovascular mortality Fatal MI plus fatal stroke plus vascular death, MACE 
major adverse cardiovascular events, TIA transient ischemic attack
* χ2 test

Events Patients without COPD 
n = 1842

P* Patients 
with COPD 
n = 185

Fatal MI, n (%) 11 (1) 0.00204 5 (3)
Fatal stroke, n (%) 17 (1) 0.02594 5 (3)
Vascular death, n (%) 55 (3) 0.00001 17 (9)
 Cardiac decompensation, heart failure
 Sudden or unwitnessed death
 Dys-arrhythmia
 Other vascular event

38
13
1
3

15
2
0
0

Cardiovascular mortality, n (%) 83 (4) < 0.00001 27 (15)
Non-fatal MI, n (%) 38 (3) 0.68437 3 (4)
Non-fatal Stroke/TIA, n (%) 34 (2) 0.11938 1 (1)
Composite Endpoint/MACE, n (%) 155 (8) 0.00018 31 (17)
Non-Cardiovascular death, n
 Acute respiratory failure
 Cancer
 Infectious disease
 Other
 Unexplained

50 (3)
0
5
8
8
29

0.40164 7 (4)
2
1
0
0
4

All-cause death, n (%) 133 (7) <0.00001 34 (18)
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digoxin, creatinine clearance, HF, statins, ARBs, and anti-
dysrhythmic agents.

Subgroup of VKAs‑anticoagulated NVAF patients for whom 
TTR was recorded

In the 467 NVAF patients treated with VKAs, 10.5% 
have COPD. Demographic, clinical and therapeutic char-
acteristics are similar to the overall population (mean 
72.4 ± 8.0 years, 41.5% women, 86.3% hypertensive, 18.0% 
diabetic, 22.7% previous cardiac events, 7.5% previous 
cerebrovascular events and 16.7% heart failure). During 
the follow-up, 53 MACE events were recorded. The mean 
TTR is 63.0 ± 17.8%. After dividing the cohort into four 
groups according to TTR values, (group 1: 0–50%, group 2: 
51–60%, group 3: 61–70% and group 4: > 70%), we find a 
higher percentage of low TTR in COPD compared to non-
COPD patients (group 1 vs. 4, p = 0.034).

Kaplan–Meier curves show that the presence of 
COPD is significantly associated with MACE (log-rank 
test p = 0.025). On multivariate analysis, COPD is inde-
pendently associated with MACE (HR: 2.27, 95% CI 
1.18–4.35; p = 0.014), after adjustment for TTR < 70% and 
CHA2DS2Vasc score.

Fig. 1   Comparisons of cumulative MACE incidences between 
NVAF patients with or without COPD. Survival has been expressed 
as Cumulative Survival free from Events; COPD chronic obstructive 
pulmonary disease

Fig. 2   Comparisons of cumulative incidences between NVAF patients with or without COPD: Panel A) CV death; Panel B) All-cause death. 
Survival has been expressed as Cumulative Survival free from Events; COPD chronic obstructive pulmonary disease
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Subgroup analysis of urinary excretion of 11‑deydhro‑TxB2

In a subgroup of 624 patients with available urine sample, 
75 (12.0%) had COPD. This subset of patients has similar 
characteristics of the entire cohort (data not shown). Median 
U-TxB2 is 100.0 [58.0–180.0] ng/mg of urinary creatinine. 
Patients with COPD show significant higher U-TxB2 levels 
compared to those without COPD, 140.0 [70.7–350.0] vs 
100.0 [55.0–170.0] ng/mg of urinary creatinine, p < 0.001). 
A multivariable linear regression model showed that COPD 
(Beta: 0.176, p < 0.001) is associated with U-TxB2 and also 
after adjustment for CHA2DS2-VASc score (Beta:0.080, 
p = 0.043).

Ninety-four MACE, in particular vascular death (n = 29), 
fatal/non-fatal MI (n = 39), fatal/non-fatal stroke/TIA 
(n = 26), occurred in this subgroup. Median U-TxB2 values 
are higher in patients experiencing CV death (p < 0.001), MI 
(p = 0.002) and stroke (p = 0.026). Log U-TxB2 values are 
predictive of MACE on univariate Cox regression analysis 
(HR 2.12, 95% CI 1.65–2.72, p < 0.001).

Discussion

In the present study, we show that COPD is independently 
associated with an increased risk of MACE, CV death and 
all-cause mortality in a cohort of NVAF patients, prospec-
tively followed up for 3 years.

The rate of cardiovascular events in this study is com-
parable to previous ones; [10, 25] in particular, the rate of 
cardiovascular and non-cardiovascular deaths is comparable 
to that reported in the XANTUS registry [26].

Previous studies on this topic focused on the relation-
ship between COPD and risk of total and CV mortality 
in NVAF patients (summarized in Table 3). For example, 
a post hoc analysis of the ARISTOTLE study [12] inves-
tigates if the coexistence of COPD increases the risk of 
stroke or systemic embolism in AF patients. The preva-
lence of COPD was similar to that observed in our study 
(11%); however, no significant differences in the risk 
of cerebrovascular events were detected in AF patients 
with or without COPD during 1-year follow-up, although 

Table 3   Comparisons among trials reporting evidence on AF patients with COPD

AP Antiplatelet, COPD chronic obstructive pulmonary disease, CV cardiovascular, HF heart failure, MI, myocardial Infarction, NOAC new oral 
anticoagulants, NR not reported, TTR​ time in therapeutic range, WARFA warfarin
a Data referred to overall population as specific data on AF patients with COPD are not reported

Aristotle Rocket AF EORP AF Arapacis

Study design RCT​ RCT​ OBSERVATIONAL OBSERVATIONAL
Antithrombotic therapy APIXABAN 5 mg vs 

WARFA
RIVAROXABAN 20 mg 

vs WARFA
78.5% VKA
4.4% NOAC
5.6% Heparin
40.1% Any AP

61% VKA
19% AP
16% No Therapy
4% OAC + AP

TTR​ 62 55a NR 63
Patients (n) 18,134 14,171 3086 2027
Follow-up (years) 1.8 1.9 1.0 2.9
Age 72 (65–77) 73a 72.5 ± 10.2 76.2 ± 8.6
Female (%) 30.3 40.0a 35.4 38
COPD Prevalence (%) 11 10 11 9
COPD definition Anamnestic Anamnestic Anamnestic Anamnestic
Comorbidities (%)
 Diabetes 27.8 40.0 29.7 25.0
 Hypertension 86.9 90.0 74.9 82.0
 Dyslipidemia NR NR 51.0 41.0
 Valvular disease NO NO 69.7 NO
 Previous MI 20.9 NR 20.9 22.0
 Previous stroke/TIA 19.7 NR 12.2 11.0
 HF 46.9 NR 63.3 34.0

CHADS2 at inclusion > 1 > 2* Any Any
CHA2DS2VASC (median) NR NR 4 4
CV mortality (%/year) 1.91 3.0* 6.3 2.3
All-cause mortality (%/year) 3.73 4.2* 12.8 3.5
MACE (%) NR NR 13.5 (+ bleeding) 3.9
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COPD was independently associated with an increased 
risk of all-cause and CV mortality. A post hoc analysis 
of the ROCKET AF trial [11] shows that COPD is a sig-
nificant predictor of all-cause mortality, but not of CV 
mortality in a follow-up of 1.9 years of 14,171 patients. 
Finally, the EORP-AF registry [13] reports a similar prev-
alence of COPD (11%), which is independently associated 
with all-cause mortality at 1-year follow-up.

In our cohort, the annual rate of overall and CV mor-
tality are 3.5%/year and 2.3%/year, respectively, similar 
to those observed in the ARISTOTLE (3.73%/year for all-
cause and 1.91%/year for CV death) [12] and ROCKET-
AF (4.2%/year for all-cause and 3.0%/year for CV death) 
trials (Table 3) [11]. Furthermore, the annual rate of 
MACE in our cohort is 3.9%/year, which is consistent 
with previous reports from our cohort (3.43%/year) [27] 
and other groups (3.67%/year) [28].

Among the mechanisms potentially accounting for the 
association between COPD and MACE, platelet activation 
might have a role as suggested by previous studies report-
ing enhanced platelet aggregation and urinary excretion 
of 11-dehydro-TxB2, a marker of in vivo platelet activa-
tion, in patients with COPD [8, 29]. The present study 
supports these previous studies, as urinary excretion of 
11-dehydro-TxB2 is more elevated in NVAF with COPD 
compared to NVAF alone, suggesting that platelet hyper-
activation is a frequent feature of COPD [30]. In addition, 
in this specific sub-set, urinary excretion of 11-dehydro-
TxB2 is associated with poor vascular outcomes, which 
is consistent with a key role played by platelets in cardio-
vascular events occurring in NVAF patients [23].

To exclude that the increased risk of MACE was due 
to a different quality of antithrombotic treatment, we 
performed a subgroup analysis on VKAs-anticoagulated 
patients for whom TTR was available. This shows no dif-
ference in TTR between NVAF with and without COPD, 
indicating that the increased rate of MACE is not affected 
by anticoagulation quality.

Furthermore, we confirm that anticoagulation therapy 
exerts a protective effect in terms of adverse outcome 
regardless of other covariates. Interestingly, the percent-
age of AF patients properly treated with anticoagulants 
in ARAPACIS cohort was is higher than that reported in 
another multicenter study in Italy (around 40%) [31] rein-
forcing the relevance of a guidelines-adherent approach 
as best strategy for reducing adverse outcomes in AF 
patients. The difference between these two studies may 
rely on the fact that in the REPOSI study all patients were 
recruited during a hospital stay, while in the ARAPACIS 
study most were recruited from outpatient clinics.

Clinical implications and limitations

The main limitation of the ARAPACIS study is its obser-
vational study design, which does not allow establishing a 
cause-effect relationship between the presence of COPD and 
MACE occurrence. The lack of an objective assessment of 
COPD and the absence of any further details about clinical 
and severity of airways obstruction (based on spirometry 
as recommended by GOLD guidelines) is another major 
limitation.

Hence, a careful assessment of atherosclerotic co-morbid-
ities should be part of routinely evaluation of AF patients, 
to improve cardiovascular risk stratification in AF, allowing 
an early identification of patients at higher risk for MACE. 
In this context, the ARAPACIS registry would suggest that 
COPD may be part of AF workup to identify patients at risk 
of vascular events.

Despite our data indicating a higher degree of platelet 
activation in AF patients with concomitant COPD, no inter-
ventional trials have been performed thus far to suggest a 
potential benefit of combination therapy of anticoagula-
tion and antiplatelet in this subgroup of patients. Moreover, 
results may be different in patients treated with the non-vita-
min K oral anticoagulants, as some of them (i.e. anti-factor 
Xa inhibitors) inhibit thromboxane urinary excretion [32]. 
Finally, even if thromboxane urinary excretion is considered 
a validated marker of platelet activation, it may reflect the 
activity of different enzymatic systems. [33, 34].

In conclusion, COPD is an independent predictor of 
MACE, CV death and all-cause death during a long-term 
follow-up of NVAF patients.
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