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Abstract

Background In patients with atrial fibrillation (AF), the impact of peripheral artery disease (PAD) on oral anticoagu-
lant (OAC) therapy use and the risk of outcomes remains unclear.

Objective To analyse the epidemiology of PAD in a large cohort of European and Asian AF patients, and the impact
on treatment patterns and risks of adverse outcomes.

Methods We analysed AF patients from two large prospective observational registries. OAC prescription and risk

of outcomes were analysed according to the presence of PAD, using adjusted Logistic and Cox regression analyses.
The primary outcome was the composite of all-cause death and major adverse cardiovascular events (MACE). Interac-
tion analyses were also performed.

Results Fifteen-thousand-four-hundred-ninety-seven patients with AF (mean age 68.9, SD 11.6 years; 38.6% female,
30% from Asia) were included in the analysis. PAD was found in 941 patients (6.1%), with a higher prevalence

among European individuals compared to Asian (8.1% vs 1.2%, p <0.001). On logistic regression analysis, European
patients had sixfold higher odds of presenting with PAD compared with Asians (OR 6.23, 95% Cl 4.75-8.35).

After adjustments, PAD was associated with lower use of OAC (OR: 0.59, 95% Cl: 0.50-0.69). On Cox regression analysis,
PAD was associated with a higher risk of the primary composite outcome (HR 1.28, 95% Cl: 1.08-1.52) and all-cause
death (HR 1.40,95% Cl: 1.16-1.69). A significant interaction was observed between PAD and age, with higher effects
of PAD found in younger patients (<65 years) for the risk of the primary outcome (p;,,=0.014).

Conclusions In patients with AF, PAD is associated with lower use of OAC and a higher risk of adverse outcomes,
with a greater risk seen in younger patients.
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Background

Peripheral artery disease (PAD) and atrial fibrillation
(AF) are both associated with a higher risk of cardiovas-
cular and cerebrovascular events and mortality [1, 2]. In
observational studies, the simultaneous presence of AF
and PAD has been previously linked with an additive
risk of adverse events [3]. Furthermore, the prevalence
of PAD has increased globally among younger patients
[4]. These individuals tend to have an aggressive disease
course, accompanied by a high burden of other cardio-
vascular risk factors, thus increasing the probability of
adverse events.

The detrimental effects of PAD in patients with AF
have been previously recognized, being associated with
higher thromboembolic risk and also included in stroke
risk stratification scores [5]. While PAD usually requires
antiplatelet therapy as thromboprophylaxis, patients
with concomitant AF and PAD are recommended stroke
prevention with oral anticoagulants (OAC) [6, 7]. None-
theless, previous reports have shown significant rates of
inappropriate OAC prescription [8], leading in turn to
a worse prognosis. In the past, the co-existence of sta-
ble vascular disease and AF led to inappropriate co-pre-
scription of antiplatelet (ATP) and OAC therapy, despite
guidelines recommending the use of OAC treatment
alone [6, 9]. Also, other pharmacological treatments may
play a role in this complex interplay. A previous report
from the EORP-AF Pilot registry showed that disease
modifier treatment (statin, ACE-I and calcium channel
blockers) may modulate the risk of adverse events among
patients with AF [10]. However, there is still a lack of
solid data regarding the management of patients with AF
and PAD as well as on the complex relationship between
PAD, AF and other cardiovascular risk factors. Similarly,
data on potential geographical differences in the epide-
miology of PAD in patients with AF are currently limited.

In this study, we aimed to investigate the epidemiol-
ogy of PAD in patients with AF, and its relationship with
antithrombotic management, as well as risk of adverse
cardiovascular events, in two large cohorts of European
and Asian patients.

Methods

Study design

We included patients with AF from two large, prospec-
tive observational registries from Europe and Asia.
Details on the studies’ design, baseline characteristics
and primary results have been previously published [11,
12]. Briefly, both registries enrolled consecutive adult
patients (>18 years old) with an ECG-documented

episode of AF in the 12 months before inclusion. The
type of AF was classified according to European Guide-
lines [6] (i.e. first-detected AF, paroxysmal AF, persis-
tent AF, long-standing persistent AF, and permanent
AF) and was defined by the investigator at baseline. All
patients enrolled provided written informed consent.

In the European registry (EURObservational
Research Programme in Atrial Fibrillation General
Long-Term Registry), patients were enrolled in 250 par-
ticipating centres across 27 countries between Octo-
ber 2013 and September 2016, with a pre-planned
2-year follow-up. The centres were from all over
Europe, providing a comprehensive representation of
the European AF population. The study protocol was
approved for each country and for each enrolling site
by the National Coordinators’ main institutions. The
study was performed according to the European Union
Note for Guidance on Good Clinical Practice CPMP/
ECH/135/95 and the Declaration of Helsinki. The Asian
registry (Asia—Pacific Heart Rhythm Society Atrial
Fibrillation registry) enrolled patients in 52 centres
across five countries, in particular from Southeast Asia.
It was established in late 2015. Patients were enrolled
until early 2017 and followed for 1 year; the study pro-
tocol was approved by the local ethics committees.

At baseline, investigators collected data regarding
demographics, comorbidities, and pharmacological
treatment. Data were collected using a standardized
electronic case report form (eCRF). The same eCRF
with the same variables was used to collect data for the
European and Asian registries. To make it easier to fol-
low the manuscript, we refer to patients from the Euro-
pean registry as “European patients” and those from
the Asian registry as “Asian patients” throughout the
text. This terminology reflects the registry from which
the data were derived rather than the exact geographic
origin of the patients. Data regarding race/ethnicity
distribution in the two registries are reported in the
Additional file 1: Table S1.

PAD diagnosis was established by investigators at site
level. The presence of PAD was defined by a positive his-
tory of any of the following: intermittent claudication,
previous arterial surgery, percutaneous intervention or
thrombosis of the abdominal or thoracic aorta and lower
extremity arteries. This assessment was performed by any
physician during the clinical assessment and/or via medi-
cal records, if available. No information regarding the
severity of PAD was routinely collected.

For this analysis, we included AF patients with available
data regarding the presence of PAD reported at baseline.
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We then considered two groups: (i) patients with a no
recorded history of PAD (“No PAD” group), and (ii)
patients with a recorded history of PAD (“PAD” group).

Pharmacological treatment

Data regarding pharmacological treatment at discharge
were collected by the investigators for each patient
enrolled. To assess the relationships between PAD and
antithrombotic therapy, we considered: (i) OAC therapy
(either vitamin K antagonist [VKA] or Non-vitamin K
oral anticoagulant [NOAC] [13]); (ii) NOAC vs VKA; (iii)
any antiplatelet therapy (APT, defined as treatment with
aspirin, clopidogrel, ticagrelor, prasugrel or ticlopidine]);
(iv) combination therapy of OAC+ APT.

We additionally evaluated the relationship between
PAD and therapies used to treat other cardiovascular
disorders: (i) ACE inhibitors (ACE-i) or angiotensin
receptor blockers (ARBs); (ii) mineralocorticoid recep-
tor antagonists (MRAs); (iii) calcium channel blockers
(CCBs); and (iv) statins. Lastly, we evaluated the asso-
ciation between PAD and the prescription of differ-
ent therapies commonly prescribed in AF patients: (i)
beta-blockers; (ii) non-dihydropyridine calcium chan-
nel blockers (non-DHP CCBs); (iii) digoxin; (iv) class
IC antiarrhythmic drugs (IC AADs) defined as therapy
with flecainide or propafenone; (v) class III antiar-
rhythmic drugs (III AADs) defined as therapy with ami-
odarone or dronedarone or sotalol. We also evaluated
aggregated pharmacological treatments subdivided as
follows: (i) any rate control therapy (defined as therapy
with beta-blockers or non-DHP CCBs or digoxin) and
(ii) any AADs (defined as therapy with IC AADs or III
AADs).

Follow-up and adverse outcomes

As per the original design of the two studies, patients
enrolled in the European registry were followed for
2 years, while those recruited in the Asian registry were
followed for 1 year. Incidence of major adverse events
was collected by the investigators during follow-up.
Major adverse events were as follows: (i) all-cause death;
(ii) cardiovascular (CV) death; (iii) any acute coronary
syndrome (ACS); (iv) any thromboembolic (TE) events
(defined as a composite of stroke, transient ischemic
attack [TIA], and peripheral embolism); and (v) major
bleeding (which included intracranial and/or extracranial
major bleeding).

For this analysis, we defined our primary outcome as a
composite of all-cause death, any ACS, and any TE. As
exploratory secondary outcomes, we evaluated: (i) all-
cause death; (ii) a composite endpoint of major adverse
cardiovascular events (MACE) (defined as CV-death, any
ACS, or any TE); and (iii) major bleeding.
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Statistical analysis

Continuous variables were reported as median and inter-
quartile range (IQR), and comparison between groups
was performed using the Kruskal-Wallis test. Categorical
variables were reported as counts and percentages and
compared using the chi-square test.

We used multivariable logistic regression to assess the
variables associated with the presence of PAD. Covari-
ates included in the model were the components of the
CHA,DS,-VASc score (age used as a categorical vari-
able and then modelled as a continuous variable using a
restricted cubic spline with 3 knots, sex, hypertension,
diabetes mellitus, coronary artery disease, heart failure,
and previous TE), and the registry of enrolment (Europe
or Asia). A second model, which additionally included
the type of AF and European Heart Rhythm Associa-
tion (EHRA) score, was used to evaluate the association
between PAD and antithrombotic treatments. Results
were reported as odds ratio (OR), with 95% confidence
interval (CI).

Kaplan—Meier curves were drafted to study the cumu-
lative survival curves for the outcomes of the study, and
survival distribution was tested for differences across the
groups with the log-rank test. Patients included in the
survival analysis were those with available data regard-
ing the occurrence of the primary endpoint. To assess
the potential influence of missing data, we compared
the populations included and excluded from the survival
analysis.

Multivariable Cox regressions were used to investigate
the relationship between the presence of PAD and the
outcomes of the study. We evaluated different multivari-
able Cox models:

— Model 1: adjusted for age, sex, registry, type of AF
and EHRA score;

— Model 2: same variables included in model 1 plus the
remaining components of the CHA,DS,-VASC score
(hypertension, diabetes mellitus, CAD, previous TE,
HEF);

— Model 3: same variables included in model 2, plus
treatment with OAC and/or statin.

We also performed several subgroup analy-
ses, according to different age groups (<65 years;
65-80 years; > 80 years), sex, type of registry, low vs high
thromboembolic risk (defined as CHA,DS,-VASc>3
for male and >4 for female) and bleeding risk (defined
as HAS-BLED >3), for both the probability of being
prescribed different antithrombotic treatments and the
risk of the primary composite outcome of the study. We
also assessed the interplay between PAD and OAC and
statin treatment by performing an interaction analysis
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for the risk of outcome. Finally, we also evaluated the
interaction between age, modelled as a continuous,
non-linear variable, and PAD on the risk of outcomes of
the study, using a restricted cubic spline with 4 knots.
Restricted cubic splines allow us to test the hypoth-
esis that the relationship between age and outcomes is
not linear. In restricted cubic splines, the range of val-
ues for the independent variable (age) is split into seg-
ments, with knots defining the end of one segment and
the start of the next. A reference value of 65 years was
used to compare the association of age with the risk of
outcomes.

Results were reported as hazard ratio (HR) with 95%
confidence interval (CI). A two-sided p-value < 0.05 was
considered statistically significant. All analyses were
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performed using R 4.0.3 (R Core Team 2020, Vienna,
Austria).

Results
Baseline characteristics
Among the 15,762 AF patients enrolled in the two regis-
tries, 15,497 (mean age 68.9, SD 11.6 years; 38.6% female,
30.0% Asian) with complete data regarding the presence
of PAD were included in the analysis. Overall, PAD was
found in 941 patients, yielding a total prevalence of 6.1%.
PAD was significantly more prevalent among European
compared to Asian individuals (8.1% vs 1.2%, p <0.001).
Table 1 reports the baseline characteristics of the two
cohorts. Overall, patients with AF and PAD were more
likely to have permanent AF (43.5% vs 28.1%, p <0.001),

Table 1 Baseline characteristics in atrial fibrillation patients according to the presence of peripheral artery disease

No PAD PAD p
N=14,556 (93.9%) N=941(6.1%)
Age (years) (median (IQR]) 70.00 (62.00, 77.00) 74.00 (67.00, 79.00) <0.001
Female, N (%) 5638/14556 (38.7) 348/941 (37.0) 0301
BMI (median (IQR)) 26.60 (23.90, 30.00) 27.30 (24.60, 30.90) <0.001
Type of atrial fibrillation, N (%) <0.001
First diagnosed 1924/14,366 (13.4) 114/930 (12.3)
Paroxysmal 4518/14,366 (31.4) 218/930 (23.4)
Persistent 3012/14,366 (21.0) 146/930 (15.7)
Long-standing persistent 877/14,366 (6.1) 47/930 (5.1)
Permanent 4035/14,366 (28.1) 405/930 (43.5)
Cardiovascular comorbidities
Hypertension, N (%) 8796/14,441 (60.9) 679/937 (72.5) <0.001
Diabetes, N (%) 3242/14,430 (22.5) 343/936 (36.6) <0.001
Dyslipidemia, N (%) 5459/14,076 (38.8) 545/923 (59.0) <0.001
Coronary artery disease, N (%) 3412/13,937 (24.5) 431/885 (48.7) <0.001
Heart failure, N (%) 4630/14,426 (32.1) 535/931(57.5) <0.001
LVEF (%) (median (IQR)) 58.00 (50.00, 63.00) 55.00 (44.00, 61.00) <0.001
Previous thromboembolic events, N (%) 1526/14,435 (10.6) 217/932 (23.3) <0.001
Other comorbidities
Chronic kidney disease, N (%) 1436/14,496 (9.9) 254/929 (27.3) <0.001
Malignancy (current or prior), N (%) 1046/14,500 (7.2) 126/934 (13.5) <0.001
Previous hemorrhagic events, N (%) 854/14,443 (5.9) 64/929 (6.9) 0.252
Anaemia, N (%) 789/14,531 (5.4) 122/937 (13.0) <0.001
CHA2DS2-VASc (median (IQR)) 3.00 (2.00, 4.00) 5.00 (4.00, 6.00) <0.001
HAS-BLED (median (IQR)) 1.00 (1.00, 2.00) 2.00 (1.00, 3.00) <0.001
EHRA score llI-1V, N (%) 2207/14,556 (15.2) 178/940 (18.9) 0.002
EHRA score, N (%) <0.001
I 7408/14,556 (50.9) 501/940 (53.3)
Il 4941/14,556 (33.9) 261/940 (27.8)
Il 1965/14,556 (13.5) 149/940 (15.9)
I\ 242/14,556 (1.7) 29/940 (3.1

BMI body mass index, CKD chronic kidney disease, EHRA European Heart Rhythm Association, IQR interquartile range, LVEF left ventricular ejection fraction, N number,

TE thromboembolic events
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symptomatic AF (EHRA score III-1V, 18.9% vs 15.2%,
p=0.002), cardiovascular/non-cardiovascular comor-
bidities, as well as higher overall thromboembolic and
bleeding risks.

We also report the distribution of baseline charac-
teristics categorized for the registry of enrollment and
the presence of PAD in Additional File 1: Table S2.
European patients with PAD were more likely to have
permanent AF compared to Asian as well as a higher
prevalence of CAD and HF. Conversely, Asian patients
with PAD were less symptomatic and more often diag-
nosed with chronic kidney disease and previous TE.

Factors associated with presence of PAD

Results of logistic regression analyses on the asso-
ciation between clinical factors and odds of PAD at
baseline are reported in Fig. 1, panel A. Compared to
patients enrolled in Asia, those enrolled in Europe had
sixfold higher odds of presenting with PAD (OR 6.23,
95% CI 4.75-8.35).

Similarly, other comorbidities (CAD, history of
Stroke/TIA, diabetes, hypertension, and HF) and
increasing age were associated with higher odds of
PAD. Conversely, female sex was associated with
lower odds of PAD at baseline. When we analysed the
associations between age modelled as a continuous
variable, and odds of PAD at baseline, there was a non-
linear relationship, with odds of PAD increasing almost

1.75 [1.44-2.14]
Age 65-80y (Vs <65) : ——

2.11 [1.68-2.65]
Age > 80y (vs <65) ) e

0.80 [0.68-093]
Female sex (vs Male) -
:1.90 [1.64-2.21]
: -

Coronary
artery disease (vs no)

2.26 [1.89-2.70]
Hystory of Stroke/TIA (vs no) -

1,62 [1.39-1.88]
: -

Diabetes (vs no)

1.32[1.13-1.55]
Hypertension (vs no) ;-
Heart Failure (vs no)

: 1.88 [1.63-2.18]
: -

Europe (vs Asia)

6.23 [4.75-8.35]
—
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linearly until 70 years, plateauing afterwards. (Fig. 1,
panel B).

Associations between PAD and pharmacological
treatments

Pharmacological treatments according to PAD are
reported in Additional File 1: Table S3, while the results
of the logistic regression analysis for the association
between PAD and the use of pharmacological treatments
are reported in Fig. 2.

Patients with PAD had lower odds of receiving OACs
(OR: 0.59, 95% CI: 0.50—0.69), while no statistically sig-
nificant differences were observed for OAC type. Con-
versely, patients with PAD had a higher probability of
being prescribed any APT therapy (OR: 1.51, 95% CIL:
1.19-1.90) and OAC+APT (OR: 1.47,95% CI 1.21-1.78).
Patients with PAD were associated with a higher likeli-
hood of receiving treatment with statins and lower odds
of treatment with class IC AADs. No significant differ-
ences were observed for the other treatments analysed
(Fig. 2).

We also analysed the association between PAD and
the use of antithrombotic drugs according to differ-
ent subgroups. There was a significant interaction
effect for sex, with female patients showing lower
odds of receiving OAC than males (OR 0.43, 95% CI
0.33-0.56 vs OR: 0.70, 95% CI 0.57-0.85, respectively;
Pint =0.004, Additional File 1: Fig. S1). Asian patients
with PAD tended to be prescribed OAC+ APT more

5.0

2.0

Odds Ratio

e
o

0.2

0.4 1.0 2.5 5.0
Odds Ratio

40 50 60 70 80 90
Age (years)

Fig. 1 Clinical factors associated with the presence of PAD. A Logistic regression analysis displaying the different odds for the presence of PAD

for the categorical variables included in the model. B Logistic regression modelled as a spline curve for age used as a continuous variable. Legend.
Models were adjusted for the components of the CHA,DS,-VASc score and the registry of enrolment. Where not specified. In panel A, values

at the right of the dotted line indicate increased odds of PAD, while at the left reduced odds
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Any OAC (vs No OAC)

Antithrombotic

NOAC vs VKA
treatment
Any APT (vs No APT)
ACEi/ARBs
(vs No ACEi/ARBs)
MRASs (vs No MRAs)
CV therapies

CCBs (vs No CCB)

Statin (vs No statin)

Any Rate Control
(vs No rate control)

Beta-blockers
(vs No Beta-blockers)

Non-DHP CCBs
(vs Non-DHP CCBs)

Digoxin

Rate/Rhythm control (vs No Digoxin)

Any AADs (vs No AADs)

IC AADs (vs No IC AADs)

1l AADs (vs No lll AADs)

Page 6 of 12

0.59 [0.50-0.69] :
R :

0.89 [0.75-1.05], p=0.162
+

1:51 [1.19-1.90]
S ——

0.97 [0.83-1.14], p=0.719
+
1.10 [0.91-1.32], p=0.310
—-—
1.15 [0.96:1.37], p=0.134
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1.21 [1.04-1.42]
—o—

1.08 [0.90-1.30], p=0.396
.
0.96 [0.82-1.14], p=0.663
——
1.27 [0.94-1.67], p=0.106
——
0.96 [0.78-1.17], p=0.661
——
0.92 [0.77-1.10], p=0.381
_——
0.57 [0.35-0.88]
e -

1.00 [0.82-1.20], p=0.979
+

0.4 1.0 2.5 5.0
Odds Ratio

Fig. 2 Logistic regression analysis investigating the association between PAD and different pharmacological therapies. Legend. AAD, antiarrhythmic
drug; ARB, angiotensin receptor blockers; APT, antiplatelet; CCB, calcium channel blocker; MRA, mineral receptor antagonist; NOAC, non-vitamin

K; oral anticoagulant; non-DHP, non-dihydropyridine; PAD, peripheral artery disease; VKA, vitamin K antagonist. Adjusted for the components

of the CHA,DS,-VASc score, registry of enrolment type of AF and EHRA score. Values at the right of the dotted line indicate increased odds of being

prescribed with the treatment, while at the left reduced odds

often compared to Europeans (OR 3.20, 95% CI
1.55-6.61 vs OR 1.40, 95% CI 1.14-1.71, respectively;
Pint=0.031). The high bleeding risk subgroup showed
lower odds of being prescribed with OAC+APT
compared to those with low risk (OR 1.09, 95% CI
0.81-1.48 vs OR 1.63, 95% CI 1.27-2.10, respec-
tively; p;,,=0.045). No significant interaction effects
were observed according to thromboembolic risk, or
between European and Asian cohorts; similarly, there

were no significant subgroup differences for NOAC vs.
VKA and APT use (Additional File 1: Fig. S1).

Follow-up and risk of the adverse outcomes according

to PAD

The survival analysis included 13,606 (88%) patients with
available data regarding the occurrence of the primary
composite outcome. Additional File 1: Table S4 shows
the differences in baseline characteristics between the
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groups included and not included in the survival analy-
sis. Patients excluded were younger, had lower BMI val-
ues, a higher proportion of dyslipidaemia, and a lower
incidence of malignancy. No other significant differences
were found.

After a median follow-up of 690 days (IQR 365-735), a
total of 1664 (12.2%) primary composite outcome events
occurred. Crude outcome rates and cumulative incidence
were higher in patients with PAD (Additional File 1:
Table S5 and Additional File 1: Fig. S2; log-rank p <0.001).

Univariable and multivariable Cox regression models
are reported in Fig. 3. In all models, PAD was associated
with increased risk of the primary composite outcome,
which was consistent across the 3 multivariable models
performed (model 3 adjusted hazard ratio (aHR) 1.28,
95% CI: 1.08—1.52); similar results were observed for all-
cause death (model 3 aHR 1.40, 95% CI: 1.16—1.69). We
also observed a non-significant trend for an increased
risk of MACE in patients with PAD (model 3 aHR 1.20,
95% CI: 0.96-1.51, p=0.115), while no statistically sig-
nificant differences were observed for the risk of major
bleeding. Distribution of missing data for variables
included in the models is reported in Additional File 1:
Table S6.

Subgroup analyses
Subgroup analyses for the primary composite outcome
are shown in Fig. 4, panel A. No significant interaction
was found for the risk of the primary outcome in patients
with PAD according to sex, registry of enrolment, high vs
low CHA,DS,-VASc and HAS-BLED scores.

In younger patients (<65 years), PAD was associated
with a higher magnitude of risk increase for the primary
composite outcome (aHR: 2.37, 95% CIL 1.53-3.65),
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compared to that observed in patients 65-80 years old
and > 80 years (p;,,=0.014).

Consistent results were observed when we analysed
the interaction between PAD and age, modelled as a
restricted cubic spline. In patients with PAD, the risk of
the primary outcome followed a J-curve across age, while
patients without PAD showed an approximately linear
relationship (Fig. 4, panel B; p;,, <0.001).

In relation to the two registries, Asian patients with
PAD had lower incidence rates (IR) of composite out-
come events compared to Europeans (IR 11.02/100
person-years, 95% CI 3.58—-25.71 vs IR 16.27/100 person-
years, 95% CI 14.14-18.62; Additional File 1: Table S7).

Regarding the pharmacological treatment (Additional
File 1: Table S8), we found a non-significant interaction
effect considering PAD and OAC therapy (aHR for no
OAC 1.51 95% CI 1.08-2.12 vs aHR for OAC 1.22 95%
CI 1.00-1.48, p,,,=0.272). Conversely, we observed an
interaction effect considering statin therapy (aHR for no
statin 1.84, 95% CI 1.47-2.32, aHR for statin 0.92, 95% CI
0.72-1.18, p;,;<0.001).

Discussion

In this analysis of a contemporary cohort of European
and Asian AF patients, our principal results are as fol-
lows: (i) prevalence of PAD is considerable in patients
with AF, particularly among Europeans, compared to
Asians; (ii) cardiovascular comorbidities and male sex
were associated with PAD, while age showed a non-linear
relationship with PAD; (iii) the presence of PAD influ-
enced pharmacological treatment, being associated with
lower probability of being prescribed with OAC, espe-
cially among female patients; and (iv) PAD was associated
with worse prognosis in patients with AF, with strength
of association influenced by age.

Composite Outcome

All-cause Death

MACES

Major Bleeding {

2.21 [1.89-2.58]
: @

2:34 [1.97-2.78]
: @ 1

2.25 [1.83-2.77]
L e

1.62.[1.07-2.45]
 ——

1.63:[1.39-1.91]
R

1.69:[1.41-2.02]
D -9

1.72[1.39-2.12]
o -0

1.36 [0.89-2.06], p=0.153

1.30 [1.10-1.54]
5L )

1.41 [1.17-1.70]
D -9

1.23 [0.98-1.55], p=0.074

1.13 [0.72-1.76], p=0.595
N

1.28 [1.08-1.52]
s
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| -0-
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The prevalence of PAD that we observed in our European
and Asian AF patients is consistent with previous stud-
ies conducted both in the US and in Europe [14]. We also
reported a higher prevalence in European patients than in
Asian ones. These results are consistent with a previous
meta-analysis, which reported that South Asian patients
had a lower probability of being diagnosed with PAD
(OR=0.26, 95% CI 0.17 to 0.38, p<0.001) [15]. While the
precise reasons for these findings are unclear, underdiagno-
sis may explain these geographical differences [16], as well
as the differences that we observed.

Diet may also play a role in these differences, as popu-
lations with diets rich in fibre and healthy fats, like tradi-
tional Asian diets, might have a lower risk of PAD, while
Western diets high in processed foods and saturated fats
could increase PAD prevalence [17].

Indeed, several cardiovascular comorbidities are signifi-
cantly associated with the presence of PAD: hypertension,
diabetes mellitus, HE, CAD and history of stroke/TIA are
factors that have been already found to be associated with
PAD both in the general population and in AF patients

[18]. This association underlines the close relationship that
connects risk factors with atherothrombotic burden and
AF, resulting in a higher probability of being diagnosed
with PAD [19]. In this scenario, ageing can bolster this
detrimental interplay, being a well-recognized risk factor
for PAD [19]. We further expanded these findings, show-
ing a non-linear association between age and likelihood of
reporting PAD, suggesting that age may play a role in the
epidemiology of PAD, which can be influenced and modu-
lated by the presence of other risk factors. Indeed, we show
an inverse relationship between female sex and PAD, con-
sistent with a lower burden of atherothrombotic disease
observed in women seen in the general population [20].
We found that PAD is independently associated with dif-
ferent treatment patterns in patients with AF. Since our data
are from real world experience, they reflect the common
clinical practice in Europe and in Asia in the past decade.
Indeed, for patients with AF and stable vascular disease,
the co-prescription with an APT (even if the patient is
already taking OAC), or the under-prescription of an OAC
in favour of APT, are commonly found in real-world setting
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[21, 22]. These approaches have been associated with higher
bleeding risk [23, 24], and with an inadequate stroke pre-
vention [25], respectively. Indeed, in patients with AF and
stable vascular disease (such as PAD), OAC monotherapy
is the treatment of choice as suggested by guidelines on AF
[6, 26], while single therapy with APT is not recommended
by many guidelines worldwide [27]. The prediction of major
bleeding events remains challenging in the real-world man-
agement of AF patients [28], thus strategies that minimize
this risk seem preferable in clinical practice.

In our cohort of patients, PAD was associated with a
higher risk of the primary composite outcome and of all-
cause death. Previous results on the relationship between
PAD and adverse cardiac events were controversial. In
an ancillary analysis of the Atrial Fibrillation Follow-up
Investigation of Rhythm Management (AFFIRM) trial
on 4060 patients, PAD was significantly associated with
higher mortality (HR 1.34, 95% CI 1.06-1.70, p=0.016)
[29], while in the EORP-AF Pilot registry, individuals with
PAD had higher absolute rates of both cardiovascular and
all-cause death, but PAD did not show an independent
association with mortality in Cox regression analyses (HR
1.37,95% CI 0.93-2.03, p=0.110) [19]. In this context, our
findings delve further into the role of PAD in influencing
adverse cardiovascular events. The interaction analysis
showed a non-significant interaction effect of OAC treat-
ment according to PAD. This finding suggests that while
OAC therapy is crucial for patients with AF, its impact on
mitigating PAD-related adverse outcomes might not be
as pronounced or direct as hypothesized [30]. Given that
OAC therapy primarily aims to reduce the risk of stroke
in AF, our results highlight that the relationship between
PAD and adverse outcomes may be more complex and
influenced by other factors not captured in our study.

Conversely, we observed a significant interaction effect
between statin and PAD. This supports the role of statin
in reducing CV events and mortality among individuals
with PAD [7]. Taken together, these results suggest that the
impact of PAD on the risk of adverse events may be atten-
uated by comprehensive pharmacological management.

We also found that PAD may exert a differential impact
on prognosis in different subgroups of patients with AF:
for example, we showed that PAD significantly influ-
ences the risk of adverse outcome, particularly in younger
patients, while we did not observe any significant interac-
tion for other subgroups.

Several hypotheses can explain these findings. First,
PAD in younger individuals has already been associated
with a higher risk of adverse events in the general popu-
lation [4, 31]. Indeed, an early onset of the disease may
reflect a higher thrombotic burden and a more aggres-
sive disease, with a significant influence on cardiovascu-
lar outcomes. Second, as previously mentioned, patients
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with PAD were also significantly under-prescribed with
OAC therapy. Even though we cannot assess a causal
association with adverse events, it may be speculated that
this trend may have negatively influenced the prognosis
of younger individuals with PAD. Finally, the effect of
PAD may appear magnified in younger patients with AF,
considering their relatively lower baseline risk of adverse
outcomes. In this regard, the contribution of PAD may
appear diluted in older subjects, who present an intrinsic
higher risk of adverse events due to the burden of other
cardiovascular conditions as well as ageing.

Overall, our results have important clinical implications.
We showed that patients with AF and PAD have a complex
clinical profile, characterized by a higher atherothrombotic
burden and a high risk of adverse outcomes, which nega-
tively influences prognosis. Indeed, patients with AF and
clinically complex phenotypes show worse outcomes and
require further effort to improve prognosis [32, 33]. Euro-
pean and Asian guidelines on the management strategies of
AF proposed the use of the “Atrial fibrillation Better Care”
(ABC) pathway [21, 26], which has already been proven
to reduce the risk of adverse events among clinically com-
plex patients [34—37]. Indeed, patients with AF and PAD
show a higher risk of thromboembolic events and therefore
require lifelong OAC therapy for optimal stroke prevention.
Our results highlight the fact that European and Asian AF
patients with PAD may not have been properly managed
with OAC in the last decade, thus requiring more efforts
from physicians in order to adhere to a holistic and com-
prehensive management as encompassed by the ABC path-
way. This approach may also potentially improve healthcare
resource use and prognosis [36, 38].

Study limitations

Our study has some limitations that should be acknowl-
edged. This is a retrospective analysis of observational data,
and possible bias may be present in the interpretation of our
findings. We had no information on the severity or stage of
PAD, and we cannot exclude a certain degree of underdi-
agnosis of PAD in our study, given that there was no man-
datory routine assessment of its presence at enrolment.
Second, even though we used multivariable analysis to adjust
for possible confounders, we cannot exclude that other unac-
counted factors may have influenced the findings observed.
Given our sample size, we may have reduced power to evalu-
ate differences, especially between subgroups. Moreover,
our results were not adjusted for multiple comparisons, and
therefore the results on the secondary outcomes should be
interpreted with caution and regarded as exploratory and
hypothesis-generating. Our cohorts of patients are repre-
sentative of patients recruited among European and Asian
countries, hence the results observed may not be repre-
sentative of other geographical settings; moreover, we
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acknowledge that the differences found between the two
registries may be related to the registries themselves and not
driven by specific ethnic differences. The differences in fol-
low-up lengths across the two registries, as per their original
protocols, represent a limitation and warrant further caution
in the interpretation of our results.

Conclusions

In this large contemporary cohort of European and Asian
AF patients, PAD was associated with a higher risk of
the primary composite outcome of all-cause death and
MACE. PAD was found to be associated with different
antithrombotic treatment choices and under-prescrip-
tion of OAC. The magnitude of the effect of PAD on
major outcomes was significantly influenced by age, with

higher effects exerted on younger patients.
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