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Objective: Carotid intima-media thickness (cIMT) is a surrogate marker of subclinical atherosclerosis and
it is able to predict both coronary and cerebral vascular events. No data exist on the association between
cIMT and non valvular atrial fibrillation (NVAF) type. We conduct this study with the aim to analyze the
association between abnormal cIMT and NVAF type. Methods: A cross-sectional study of the “Atrial
fibrillation Registry for Ankle-brachial index Prevalence Assessment-Collaborative Italian Study (ARA-
PACIS)” has been performed. Among 2027 patients enrolled in the ARAPACIS, 673 patients, who un-
derwent carotid ultrasound examination to assess cIMT, were included in the study. Results: Among the
entire population, 478 patients (71%) had cIMT > 0.90 mm. Patients with an abnormal cIMT (>0.90 mm)
were significantly older and more likely hypertensive, diabetic and with a previous history of stroke than
those with normal cIMT (�0.90 mm). These patients had more permanent/persistent NVAF and
CHA2DS2-VASc score � 2 (p < 0.0001) compared to those with cIMT <0.90 mm. Excluding all patients
affected by previous cardiovascular disease, logistic regression analysis showed that independent pre-
dictors of abnormal cIMT were: age class 65e74 yrs. (p < 0.001), age class �75 yrs. (p < 0.001), arterial
hypertension (p < 0.001), calcium-channel blockers use (p < 0.001) and persistent/permanent NVAF
(p ¼ 0.001). Conclusion: Our findings show a high prevalence of abnormal cIMT in NVAF patients,
reinforcing the concept that NVAF and systemic atherosclerosis are closely associated. Abnormal cIMT
was particularly evident in persistent/permanent NVAF suggesting a more elevated atherosclerotic
burden in patients with long-standing NVAF. Trial registration: http://clinicaltrials.gov/ct2/show/
NCT01161251.

© 2014 Elsevier Ireland Ltd. All rights reserved.
Policlinico 155, Roma 00161,
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1. Introduction

Non valvular atrial fibrillation (NVAF) is the most frequent and
prevalent sustained cardiac supraventricular arrhythmia. Data
about prevalence of NVAF in the United States show that it ranged
from z2.7 million to 6.1 million in 2010, with prevalence expected
to rise between z5.6 and 12 million in 2050 [1].

NVAF is associated with increased morbidity and mortality,
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mostly for stroke and cardiovascular disease (CVD) [1,2]. Moreover,
it is frequently associated with a high number of atherosclerotic
risk factors including age, sex, lipid levels, smoking, blood pressure,
diabetes and metabolic syndrome [3]. These risk factors might ac-
count for the atherosclerotic sequela of NVAF, including myocardial
infarction [1]. Hence, signs of subclinical atherosclerosis have been
detected in NVAF, such as atherosclerotic plaque in the thoracic
aorta [4] or low ankle-brachial index (ABI) [5]. These are both
markers of systemic atherosclerosis and may predispose to
ischemic stroke and/or myocardial infarction.

Carotid intima-media thickness (cIMT) is another surrogate
marker of subclinical atherosclerosis, widely accepted as a measure
of arterial thickening, being able to predict both coronary and ce-
rebral vascular events [6e8]. Previous data showed that an
increased cIMT is an independent predictor of new-onset NVAF
[9,10], suggesting that subclinical atherosclerosis may predispose to
NVAF. Based on this, it could be arguable that a different burden of
atherosclerotic risk could differentiate paroxysmal versus long-
standing NVAF but, so far, no data exist exploring the relationship
between specific NVAF types and subclinical atherosclerosis.
Therefore, the aim of this study was to investigate the relationship
between subclinical atherosclerosis, as assessed by cIMT, and NVAF
types in patients included in the ARAPACIS study, an Italian Registry
of NVAF population [11].

2. Materials and methods

The study reports on a cross-sectional, pre-specified subgroup
analysis of the “Atrial fibrillation Registry for Ankle-brachial index
Prevalence Assessment-Collaborative Italian Study (ARAPACIS)”
[11]. The ARAPACIS registry is a prospective observational study
among internal medicine institutions in Italy. The study has been
conceived as longitudinal multicenter for the construction of a
network for the recruitment, monitoring and study of NVAF pa-
tients. The study has been supported by the Italian Society of In-
ternal Medicine (SIMI), under the ARAPACIS Steering Committee
[11] supervision. Thus, for each society regional compartment, the
Regional Coordinator [11] supplied a list of centers that would be
suitable to participate in this survey. Centers able to ensure an
adequate patients quota and to identify, support and maintain an
adequate dedicated research staff, entered the study.

Among 136 centers, according to study protocol, 2027 consec-
utive NVAF patients aged more than 18 years old and referred to
outpatient clinics or to internal medicine wards were eligible for
the enrollment from 1 October 2010 to 30 October 2012.

2.1. Data collection and validation

In each center, data were collected using an electronic case
report form (CRF: http://www.simi.it/attivita/ricerca/arapacis/).
Data were transferred to the web-central database (Coordination
Center e I Clinica Medica e Sapienza-University of Rome). By using
a validation plan, integrated in the data entry software, data were
checked for missing or wrong encodings. The SIMI secretary staff
performed additional edit checks. A final database was created and
validated by the study coordinators. Patients have been identified
by a serial number for each center.

2.2. Clinical characteristics

According to a pre-specified subgroup analysis, 673 patients
were selected from the original 2027 patients enrolled in the
original study cohort. These 673 patients came from 97 enrolling
centers with experienced staff in ultrasound diagnostic and
equipped with appropriate devices. These staff performed a carotid
ultrasound examination to assess subclinical atherosclerosis with
cIMT.

Patients were classified according to international guidelines in
paroxysmal, persistent or permanent NVAF subtypes [12]. Clinical
characteristics, required at baseline, were the following: 1) de-
mographic and anthropometric characteristics (age, sex, weight,
height); 2) medical history of CVD risk factors (such as arterial
hypertension, dyslipidemia, smoking habit, diabetes mellitus,
metabolic syndrome), coronary artery disease or myocardial
infarction (MI), stroke or transient ischemic attack (TIA) and
symptomatic peripheral arterial disease (PAD) [13e16]; 3) vital
signs. CHA2DS2-VASc score, as previously described [17], was
calculated for each patient. At baseline, a measurement of upper
and lower limbs systolic blood pressure for ABI calculation was
mandatory. The measurement of ABI was performed as previously
described and a value equal or inferior to 0.90 was considered as
abnormal [5,18]. Moreover, even if not mandatory, an echocardio-
gram was performed to evaluate antero-posterior left atrial diam-
eter according to American Society of Echocardiography [19].

2.3. Carotid intima-media thickness measurement

Patients underwent a B-mode ultrasonography of both common
carotid arteries by trained certified sonographers performing cIMT
measurement in all centers according to American Society of
Echocardiography Carotid Intima-Media Thickness Task Force [20].

We defined cIMT values >0.90 mm as abnormal, including cIMT
values �1.50 mm that was defined as carotid plaque [6].

At the time of cIMT measurement, all patients were clinically
and hemodynamically stable, having been enrolled either as out-
patients or as inpatients, free from acute events that could pre-
cipitate NVAF. Patients were examined supine with the head
rotated 45� toward the left side. Imaging was performed in the
plane parallel to the neck, with the jugular vein lying immediately
above the common carotid artery (or at 45� from the vertical, if the
internal jugular vein is not visualized). Images of both common
carotid arteries were centered 10e15 mm below (caudal to) the
carotid artery bulb. End-diastolic images (smallest diameter of the
artery) were captured.

Measurement of cIMT was made on the far wall of the common
carotid artery over a 10 mm distance from the common carotid
artery bulb. Trained readers traced the 2 key interfaces of the far
wall to obtain manual tracings. These tracings were then used to
calculate mean cIMT.

2.4. Pharmacological characteristics

Complete information about current therapies was recorded
according to drug class assumption. Specifically, we looked for the
following drug classes: antithrombotic agents [i.e. oral anticoagu-
lants (OAC) and anti-platelets (APs)], beta-adrenergic receptor
blockers (beta-blockers), hydroxylmethylglutaryl-coenzyme A
reductase inhibitors (statins), angiotensin-converting enzyme in-
hibitors (ACEIs), angiotensin II receptor blockers (ARBs), calcium-
channel blockers, anti-arrhythmic agents (amiodarone, prop-
afenone, flecainide), nitrates, digoxin, oral antidiabetics or subcu-
taneous insulin.

2.5. Statistical analysis

Continuous variables are presented as mean ± standard devia-
tion (SD) and differences were evaluated by the Student t or
ManneWhitney U test, depending on the shape of the distribution
curve. We reported also median and interquartile range (IQR)
[25the75th percentile]. Categorical variables, expressed as counts

http://www.simi.it/attivita/ricerca/arapacis/


M. Proietti et al. / Atherosclerosis 238 (2015) 350e355352
and percentages, were compared by chi-square or Fisher's exact
tests and corrected by Bonferroni method for multiple compari-
sons, when appropriate.

After exclusion of patients with previous CVD, forward logistic
regression analysis was performed to determine the independent
predictors of abnormal cIMT. All variables significantly different
between the two groups, with a p level �0.05, were included in the
model. CHA2DS-VASc score, (reflecting the presence of older age,
arterial hypertension and diabetes), antiarrhythmic agents, di-
uretics, nitrates, and digoxin use were excluded from the logistic
analysis having considered as collinear to the distribution of risk
factors. In order to verify and reinforce logistic regression analysis
results, a backward model was also performed. In the stepwise
process, retention value was equal to 0.05, while exclusion value
was equal to 0.10. Such values were considered for both forward
Table 1
Clinical and demographic characteristics according to abnormal carotid intima-
media thickness (cIMT) presence.

Overall
population
n ¼ 673

Normal cIMT
n ¼ 195

p Abnormal
cIMT n ¼ 478

Age, years
(mean ± SD)

72 ± 11 66 ± 12 <0.0001b 75 ± 9

Age classes <0.0001c

<65, n (%) 157 (23) 86 (44) <0.05d 71 (15)
65e74, n (%) 203 (30) 61 (31) 0.68d 142 (30)
�75, n (%) 313 (47) 48 (25) <0.05d 265 (55)

Males, n (%) 365 (54) 108 (55) 0.7021c 257 (54)
AF type <0.0001c

Paroxysmal, n (%) 258 (38) 106 (54) 152 (32)
Persistent/
Permanent, n (%)

415 (62) 89 (46) 326 (68)

HR, bpm (median
[IQR])

76 [69e88] 79 [67e88] 0.8254e 75 [70e88]

Arterial
hypertension, n
(%)

541 (80) 130 (67) <0.0001c 411 (86)

Dyslipidaemia, n (%) 249 (37) 70 (36) 0.7055c 179 (37)
Smoking habit, n (%) 120 (18) 34 (17) 0.8643c 86 (18)
Diabetes, n (%) 156 (23) 33 (17) 0.0140c 123 (26)
BMI, (mean ± SD) 28 ± 5 29 ± 6 0.1104b 28 ± 5
Metabolic

syndrome, n (%)
189 (28) 53 (27) 0.7389c 136 (28)

Previous MI, n (%) 78 (12) 16 (8) 0.7976c 62 (13)
Previous stroke/TIA,

n (%)
96 (14) 17 (9) 0.0085c 79 (17)

PAD, n (%) 12 (2) 2 (1) 0.3429c 10 (2)
ABI �0.90, n (%) 138 (21) 28 (14) 0.0098c 110 (23)
CHA2DS2-VASc#,

(median [IQR])
3 [2e5] 2 [1e4] <0.0001e 4 [2e5]

CHA2DS2-VASc#
classes

<0.0001c

Score 0, n (%) 31 (5) 26 (13) <0.05d 5 (1)
Score 1, n (%) 64 (9) 32 (16) <0.05d 32 (7)
Score �2, n (%) 578 (86) 137 (70) <0.05d 441 (92)

LADa, mm
(mean ± SD)

44.6 ± 8.4 44.9 ± 8.0 0.5701b 44.5 ± 8.6

ABI ¼ ankle-brachial index; BMI ¼ body mass index; bpm ¼ beats per minute;
#C ¼ Congestive heart failure (or Left ventricular systolic dysfunction) (Points:1);
H ¼ Hypertension (Points:1); A2 ¼ Age � 75 years (Points:2); D ¼ Diabetes Mellitus
(Points:1); S2 ¼ Prior Stroke or TIA or thromboembolism (Points: 2); V ¼ Vascular
disease (previous MI, peripheral arterial disease or aortic plaque) (Points: 1);
A ¼ Age 65e74 years (Points: 1); Sc ¼ Sex category (female gender) (Points:1);
cIMT ¼ carotid intima-media thickness; HR ¼ heart rate; IQR ¼ interquartile range;
LAD ¼ left atrial diameter; MI ¼ myocardial infarction; TIA ¼ transient ischemic
attack.

a Data about 536 patients.
b t-Test.
c c2 test.
d Bonferroni correction (using 2 digit after comma).
e Mann Whitney U Test.
and backward models. Detailed step-by step results for both step-
wise models are provided in the supplemental material (Tables S1
and S2).

To further analyze the relationship between systemic athero-
sclerosis and different NVAF types, we performed a forward logistic
regression analysis (retention value ¼ 0.05; exclusion value ¼ 0.10)
including age classes, arterial hypertension, diabetes, smoking
habit, dyslipidemia, metabolic syndrome and abnormal cIMT and
using NVAF type as independent variable (paroxysmal ¼ 0;
persistent/permanent ¼ 1).

Finally, a multiple forward linear regression analysis was
computed to confirm logistic regression results.

The probability values are 2-sided; a probability value equal or
less than 0.05 was considered to indicate statistical significance. All
computations were carried out with SPSS v.20 (IBM, NY, USA).
3. Results

The mean age of NVAF population was 72 ± 11 years. Approxi-
mately, half of the patients were males (54%). Paroxysmal NVAF
was present in 258 patients (38%), persistent NVAF in 119 (18%) and
permanent NVAF in 296 (44%). History of clinically relevant CVD
(MI, Stroke/TIA and PAD) was recorded in almost a quarter of the
population (24%). The majority of the population (86%) had a
CHA2DS2-VASc score �2. The cIMT median value was 1.05 (IQR:
0.90e1.25) mm.

In this selected group the demographic and clinical variables
showed a similar distribution to that observed in patients not
included (data not shown).

An abnormal cIMT (>0.90 mm) was present in 71% of the pa-
tients. Clinical and demographic characteristics of patients with
cIMT� or >0.90 mm are presented in Table 1. Patients with
cIMT > 0.90 mm were significantly older and more likely hyper-
tensive, diabetic and with a previous history of stroke or TIA than
patients with normal cIMT; additionally, patients with
cIMT > 0.90mmhadmore evident signs of systemic atherosclerosis
as documented by higher prevalence of ABI � 0.9. Patients with
cIMT > 0.90 mm had a higher median value of CHA2DS2-VASc score
than patients with cIMT �0.90 mm; CHA2DS2-VASc score �2 was
more prevalent in patients with cIMT > 0.90. Pharmacological
Table 2
Pharmacological treatments according to abnormal carotid intima-media thickness
(cIMT) presence.

p Normal cIMT
n ¼ 195

Abnormal cIMT
n ¼ 478

Antithrombotic therapy 0.1131a

None, n (%) <0.05b 36 (18) 55 (12)
APs, n (%) 0.75b 54 (28) 138 (29)
OAC, n (%) 0.15b 96 (49) 264 (55)
OAC þ APs, n (%) 0.90b 9 (5) 21 (4)

Statins, n (%) 0.3131a 63 (32) 174 (36)
Antiarrhythmics, n (%) 0.0042a 68 (35) 115 (24)
Beta-blockers, n (%) 0.2191a 72 (37) 201 (42)
ACEIs, n (%) 0.0007a 53 (27) 196 (41)
ARBs, n (%) 0.9716a 68 (35) 166 (35)
Calcium channel blockers,

n (%)
0.0514a 53 (27) 97 (20)

Diuretics, n (%) 0.0001a 76 (39) 265 (55)
Nitrates, n (%) 0.0002a 10 (5) 73 (15)
Digoxin, n (%) <0.0001a 20 (10) 114 (24)
Oral antidiabetics, n (%) 0.3906a 21 (11) 63 (13)
Insulin, n (%) 0.0355a 8 (4) 42 (9)

OAC ¼ oral anticoagulants; APs ¼ anti-platelets; ACEIs ¼ angiotensin-converting
enzyme inhibitors; ARBs ¼ angiotensin II receptor blockers.

a c2 test.
b Bonferroni correction (using 2 digit after comma).
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therapy distribution in the two groups is summarized in Table 2.
Significant differences between the two groups were observed for
the use of antiarrhythmics, ACEIs, diuretics, nitrates, digoxin, oral
antidiabetics and subcutaneous insulin. Patients with cIMT
>0.90 mmwere more likely to have permanent/persistent and less
paroxysmal NVAF compared to those with cIMT �0.90 mm
(Table 1). Median cIMT values progressively increased from
paroxysmal to persistent/permanent NVAF [1.00 (IQR: 0.83e1.20)
vs. 1.10 (IQR: 0.95e1.25) mm, p < 0.0001].

We also analyzed the prevalence of carotid plaques within the
population with cIMT >0.90 mm. Among all patients with
abnormal cIMT, 8% (n ¼ 54) had plaques (cIMT �1.50 mm).
Compared to patients with cIMT >0.90mm, theywere older (77 ± 9
vs. 72 ± 11 years, p ¼ 0.0225) and more hypertensive (96% vs. 79%,
p ¼ 0.0021). All other clinical characteristics, as well as type of
NVAF, were similar between the two groups (data not shown).

In order to analyze cIMT determinants, 508 out of 673 patients
free from potential confounders, such as CVD (including previous
MI, Stroke/TIA and PAD), were divided in two sub-groups, i.e. pa-
tients with paroxysmal NVAF and patients with persistent/per-
manent NVAF. This selected population was again stratified
according to the cIMT. These two groups did not show any differ-
ences compared to the entire population in respect to cIMT strati-
fication (Tables S3 and S4). Patients with persistent/permanent
NVAFwere older, with a higher heart rate and had amore prevalent
pathological ABI (�0.90) compared to paroxysmal NVAF ones, but
no differences were found in the atherosclerotic risk profile
(Table 3).

Final model, using forward logistic analysis, showed: age class
65e74 yrs. (p < 0.001) and age class�75 yrs. (p < 0.001), compared
to the reference group of <65 years patients (overall age p < 0.001),
arterial hypertension (p < 0.001), calcium-channel blockers use
(p < 0.001) and persistent/permanent NVAF (p ¼ 0.001) as inde-
pendent predictors of cIMT >0.90 mm [Fig. 1]. To confirm these
results we also performed a model using backward analysis that
resulted comparable to the forward one (Table S2).

Multiple linear regression analysis confirmed that age classes,
arterial hypertension and type of NVAF resulted positively associ-
ated with cIMT values (Table S5).

In order to strengthen our data, we also performed an additional
Table 3
Clinical and demographic characteristics according to non-valvular atrial fibrillation
(NVAF) type in patients without clinical CVD.

p Paroxysmal
N ¼ 209

Persistent/permanent
N ¼ 299

Age, yrs. (mean ± SD) <0.0001a 67 ± 12 74 ± 10
Age classes <0.0001b

<65, n (%) <0.05c 87 (42) 52 (17)
65e74, n (%) 0.18c 59 (28) 101 (34)
�75, n (%) <0.05c 63 (30) 146 (49)

HR, bpm (median
[IQR])

0.0179d 75 [67e86] 77 [70e88]

Arterial hypertension,
n (%)

0.6760b 161 (77) 235 (79)

Dyslipidaemia, n (%) 0.5788b 77 (37) 103 (34)
Smoking habit, n (%) 0.8421b 37 (18) 55 (18)
Diabetes, n (%) 0.1527b 36 (17) 67 (22)
BMI, (mean ± SD) 0.8557a 28.5 ± 5.3 28.5 ± 5.3
Metabolic syndrome, n

(%)
0.8958b 59 (28) 86 (29)

ABI �0.90, n (%) 0.0474b 29 (14) 59 (20)

ABI ¼ ankle-brachial index; bpm ¼ beats per minute; BMI ¼ body mass index;
IQR ¼ interquartile range.

a t-Test.
b c2 test.
c Bonferroni correction (using 2 digit after comma).
d Mann Whitney U Test.
logistic regression analysis to further explore the relationship be-
tween cIMT and NVAF type. This additional logistic regression
analysis showed that age class 65e74 yrs. (p < 0.001) and age class
�75 yrs. (p < 0.001) [reference group <65 years patients (overall
age p < 0.001)], dyslipidemia (p ¼ 0.023) and abnormal cIMT
(p¼ 0.001) were the only independent predictors of the persistent/
permanent NVAF type (Table 4).

4. Discussion

The results of the present study show that a cIMT > 0.90 mm is
detectable in approximately 70% of NVAF patients, indicating the
coexistence of systemic atherosclerosis in the majority of these
patients. Furthermore, cIMT > 0.90 mm was detected more prev-
alently in patients with persistent/permanent NVAF, suggesting
that atherosclerotic burden might favor the progression of parox-
ysmal to long-standing NVAF.

Until now, few studies described the interplay between NVAF
and cIMT [9,10,21].

Heeringa et al. [9] examined, for the first time, this issue in a
cohort of 4407 patients, free of NVAF at the baseline, showing a
progressively higher incidence of new onset NVAF according to
cIMT quartiles [9]. These data have been reinforced by a recent
study [10] that showed, during a mean follow-up of 15.3 years, that
cIMT values have been predictors of hospitalization for NVAF in
nearly 5000 subjects. Also, the Multi-Ethnic Study of Atheroscle-
rosis (MESA) showed that a higher cIMT was associated to an
increased NVAF incidence, in 6162 patients without NVAF at
baseline followed-up for 10 years [21]. While these data suggest an
interplay between systemic atherosclerosis and the occurrence of
NVAF, the prevalence of abnormal cIMTand its interplay with NVAF
typology has never been examined. Herewith, we report that NVAF
is associatedwith a high rate of abnormal cIMT, whichwas detected
in approximately more than two-thirds of the screened population.
In accordance with previous studies [6,22e24] abnormal cIMT was
more prevalently detected in patients with atherosclerotic risk
factors such as older age, arterial hypertension and diabetes. We
also found a significant association between cIMT and ABI, which is
another marker of systemic atherosclerosis and an independent
predictor of cardiovascular disease [5]. In this regard, our group has
previously demonstrated the high prevalence of pathological ABI
among NVAF patients, progressively increasing from paroxysmal to
permanent NVAF [11]. Herein, these findings reinforce the concept
that systemic atherosclerosis is detectable in a large population of
NVAF, particularly in patients with sustained NVAF.

The novelty of the present study is in the significant difference
in terms of systemic atherosclerotic burden between paroxysmal
and persistent/permanent NVAF. Thus, abnormal cIMT was detec-
ted in 32% and in 68% and ABI <0.90 was detected in 14% and 20% of
patients with paroxysmal and persistent/permanent NVAF,
respectively. These findings are suggestive of a relationship be-
tween systemic atherosclerosis and NVAF typology with a higher
probability of long-standing NVAF in patients with an elevated
burden of atherosclerosis. In apparent contrast with this, athero-
sclerotic risk factors, such as arterial hypertension, diabetes,
smoking habit and dyslipidemia, were not different between
paroxysmal versus persistent/permanent NVAF. Actually, age was
the only demographic variable that distinguished the two groups,
since persistent/permanent NVAF patients were older than parox-
ysmal NVAF ones. Therefore, it is possible that the longer exposition
to the atherosclerotic burden could favor the progression from
paroxysmal to persistent/permanent NVAF, but experimental and
clinical studies are necessary to support this hypothesis.

The fact that paroxysmal NVAF had less systemic atherosclerosis
could implicate that retarding atherosclerotic progression would



Fig. 1. Independent predictors of carotid intima-media thickness [odds ratio (OR) and 95% confidence intervals (CI)]. Variables entered in the forward logistic model were: age
classes, ABI �0.90, arterial hypertension, angiotensin-converting enzyme inhibitors, diabetes, calcium-channel blockers, non valvular atrial fibrillation type.

Table 4
Logistic multivariate analysis for persistent/permanent NVAF versus paroxysmal
NVAF in patients without clinical CVD.

Beta Odds ratio 95% Confidence
interval

p

Lower Upper

Age class <65 years (ref.)
Age class 65e74 years 0.869 2.385 1.468 3.875 <0.001
Age class �75 years 1.105 3.018 1.871 4.868 <0.001
Abnormal cIMT 0.692 1.998 1.326 3.012 0.001
Dyslipidemia 0.460 1.585 1.065 2.359 0.023
Constant 0.260 1.298 0.013

cIMT ¼ carotid intima-media thickness; CVD ¼ cardiovascular disease; NVAF ¼ non
valvular atrial fibrillation; ref ¼ reference group.
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result in lower incidence of persistent/permanent NVAF. In this
context the inverse association between cIMT and calcium-channel
blockers use is intriguing and suggests a role for calcium-channel
blockers against the development of abnormal cIMT [25,26].
However, it is still unclear if this drug category might retard the
progression from paroxysmal to persistent/permanent NVAF.

4.1. Study limitations

Even if we could not exclude a possible inter- and intra-observer
method's variability, a possible analysis bias has been limited by
performing cIMT measurement in all centers according to a stan-
dardized method [20].

Moreover, considering the cross-sectional design of the study,
our data are not suitable to suggest a causative link between sub-
clinical atherosclerosis and type of NVAF.

5. Conclusions

NVAF is frequently associated with carotid atherosclerosis
particularly in patients with persistent/permanent NVAF. Prospec-
tive studies are needed to evaluate if systemic atherosclerosis could
predispose to long-standing NVAF.
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