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Abstract:

Objective and methods There is little information concerning the influence of the heart rhythm on the vas-
cular endothelial function in patients with non-valvular atrial fibrillation (AF) compared with studies concern-
ing sinus rhythm (SR). The present study included paroxysmal (n=184) or chronic (n=53) AF patients with-
out heart failure and control subjects with SR (n=79) matched for age, gender and the CHA.DS,-VASc score.
Paroxysmal AF was defined as episodes that terminated spontaneously within 7 days, while chronic AF was
defined as longstanding AF that was refractory to cardioversion for 12 months or longer. There were no sig-
nificant differences in the numbers of patients receiving renin-angiotension-aldosterone system inhibitors or
statins among the three groups.

Results Among the 237 AF patients (155 men, mean age 64+9 years, mean CHA,DS,-VASc score 1.8+1.4),
the flow-mediated dilatation (FMD) was 5.4%=+2.6% in the paroxysmal AF group, 4.3%+2.1% in the chronic
AF group and 6.5%+3.5% in the SR group. There were significant differences among the 3 groups (all, p<
0.05). Nitroglycerin-induced dilatation (NMD) was noted in 14.6%+6.5% of the paroxysmal AF group,
16.5%+9.1% of the chronic AF group and 12.7%=+5.9% of the SR group, with no significant differences
among the 3 groups. There was a significant negative correlation between the CHA,DS,-VASc scores and the
FMDs value in all 3 groups (paroxysmal AF group:r=-0.322, p<0.01; chronic AF group:r=-0.291, p<0.05; SR
group:r=-0.326, p<0.01).

Conclusion In comparison with SR, the frequency and duration of AF episodes appear to cause deteriora-
tion of the vascular endothelial function.
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over 80 years of age (1). The proportion of elderly individu-

Introduction als in the Japanese population is rapidly increasing, and the

incidence of AF in people in their 60s and 70s was recently

Epidemiological studies in Western countries indicate that reported to be about 1% and 2-3%, respectively (2). These
the incidence of atrial fibrillation (AF) increases signifi- numbers are comparable to those observed in Western coun-
cantly with population aging, occurring in approximately tries. The number of patients with AF in 2020 is expected to
4% of those in their 70s and approximately 10% of those reach 1,000 per 100,000 population (2). The increasing inci-
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dence of AF is therefore a major medical and social prob-
lem.

AF causes cardiovascular complications, such as throm-
boembolism or heart failure (3). In addition, it has been re-
ported that the annual incidence of ischemic stroke is 4-5
times higher in non-valvular AF cases than in sinus rhythm
(SR) cases (4). It has been suggested that AF not only im-
pairs the atrial hemodynamics and coagulation activity but
also induces endothelial damage and thrombogenesis in pa-
tients with non-valvular AF (5). It has recently been sug-
gested that antithrombotic therapies for non-valvular AF
may be effective in preventing ischemic stroke and systemic
embolism.

The guidelines published in 2010 by the European Soci-
ety of Cardiology (ESC) recommend that risk stratification
for stroke, a serious complication in patients with non-
valvular AF, be performed based on CHA,DS,-VASc scores
and that antithrombotic treatment be administered accord-
ingly (6).

Several studies have suggested that an irregular heart
rhythm and low pulsation flow are factors that impair the
vascular endothelial function. In addition, an impaired vas-
cular endothelial function has been reported in patients with
congestive heart failure and hypertension, diabetes mellitus
and stroke (7). Aging is also a critical factor that reduces the
vascular endothelial function. Given the above, we hypothe-
sized that the CHA,DS,-VASc score might be a useful index
for evaluating vascular endothelial dysfunction in patients
with non-valvular AF.

In this study, we compared the degree of vascular endo-
thelial dysfunction in patients with non-valvular AF with
that in patients with SR and examined the relationship be-
tween the vascular endothelial function and CHA,DS>-VASc
score.

Materials and Methods

Study patients

We enrolled a total of 729 consecutive patients with par-
oxysmal or chronic AF confirmed on the basis of symptoms,
standard 12-lead electrocardiogram (ECG) and/or ambula-
tory 24-h monitoring findings at our institute between Au-
gust 2010 and July 2014. Database registration started in
August 2010, with continual registration thereafter. The prin-
cipal aim for establishing this hospital-based database was to
monitor the prognosis of cardiovascular disease in a local
area of Japan. The study protocol was approved by the local
institutional review board. Patients were excluded if they
had a history of significant valvular heart disease or intra-
cardiac operation as determined by transthoracic echocar-
diography. Demographic data, cardiovascular risk factors
and medications were recorded at baseline. The index date
was defined as the date of the first occurrence of AF.

The study included 184 paroxysmal and 53 chronic non-
valvular AF patients without present heart failure (155 men,

mean age 64+9 years, mean CHA,DS,-VASc score 1.8+1.4).
We also recruited control SR counterparts matched for age,
gender and CHA,DS,-VASc score (n=79, 53 men, mean age
64x11 years, mean CHA,DS>-VASc score 1.8+1.3).

All subjects were treated on an outpatient basis every two
to four weeks and were followed for one year or more. Fast-
ing blood glucose and hemoglobin A,C, fasting serum cho-
lesterol and triglycerides were measured to screen for diabe-
tes and dyslipidemia. flow-mediated dilatation (FMD) and
nitroglycerin-induced dilatation (NMD) were also measured
to evaluate the vascular endothelial function in subjects with
SR and non-valvular AF. To detect underlying cardiopul-
monary disease, noninvasive tests were conducted, including
history-taking, chest X-ray, exercise testing and transthoracic
echocardiography. Attending physicians ordered pulmonary
function tests, chest computed tomography (CT) and cardiac
catheterization if necessary.

The study excluded patients with the following condi-
tions: hepatorenal dysfunction; women in whom pregnancy
was likely; or patients with drug allergy or severe hemor-
rhagic tendency. Risk factors for thromboembolism in terms
of the CHA.DS,-VASc score [C: congestive heart failure (1
point), H: hypertension (1 point), A,: age 65 to 74 years (1
point) and age >75 years (2 points), D: diabetes mellitus (1
point), S: prior stroke or transient ischemic attack (2 points),
VA: vascular disease (1 point) and Sc; sex category (female,
1 point)] were determined by the 2012 ESC guidelines (6).

We examined the background factors, FMD and NMD
based on the patients’ CHA,DS,-VASc scores among SR
and paroxysmal and chronic AF subjects.

Definitions

Paroxysmal AF was defined as AF terminating spontane-
ously within seven days of onset (8). Chronic AF was de-
fined as AF refractory to antiarrthythimc drug therapy or
electrical cardioversion in which an SR could not be main-
tained for more than 12 months, as assessed by ECG (9).
Valvular AF was defined as AF with mitral stenosis and/or a
history of valvular surgery (both biological and mechanical
valve). Cerebral thromboembolism was confirmed based on
clinical symptoms and the presence of a >3-mm infarct area,
as obtained by brain CT or magnetic resonance imaging
(MRI). The diagnosis of hypertension followed the 2009
Japanese Society of Hypertension (JSH) guidelines (10).
Dyslipidemia was defined as fasting serum cholesterol of >
220 mg/dL and triglycerides of 2150 mg/dL (11). Diabetes
mellitus was diagnosed if fasting venous blood glucose was
2126 mg/dL or hemoglobin A,C was 26.5% (12). AF was
divided into three types, depending on the time of onset: di-
urnal type (from 7:00 to 17:00), nocturnal type (from 17:00
to 7:00) and mixed type (any time) (13). Chronic obstructive
pulmonary disease was defined as a forced expiratory vol-
ume in 1 second of <70%, as measured by a lung function
test.
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Protocols and antiarrhythmic drug therapy

Paroxysmal and chronic AF patients were treated with
rhythm or rate control therapy. Antiarrhythmic drugs were
prescribed to maintain a normal SR in patients with parox-
ysmal AF as reported in our previous study (14). To confirm
the clinical course of AF, symptoms were assessed by inter-
view, and a standard 12-lead ECG was recorded after the
commencement of antiarrhythmic drugs or at 2-4 weeks af-
ter changing those drugs, while an ECG was recorded with
a portable monitor at the time of the medical examination.
Whenever palpitations occurred, ambulatory 24-h monitoring
was conducted at the discretion of the attending physician to
determine whether or not AF had recurred. In patients with
chronic AF, B-blockers, Ca antagonists or digitalis were ad-
ministered orally to control the heart rate.

Antithrombotic therapy protocols

Antithrombotic therapy was generally performed accord-
ing to the 2013 the Japanese Circulation Society (JCS)
guidelines (8), but the decision to administer antithrombotic
therapy was left to the physician. Warfarin was administered
according to guidelines regulating international normalized
ratios (INRs; target: 1.6-3.0), and direct oral anticoagulants
were also prescribed on the basis of the patient’s back-
ground.

Protocols for FMD and NMD measurement

FMD was measured in the morning after 12 hours of fast-
ing and no medications using standard techniques (7). All
subjects were asked to refrain from smoking and consuming
alcohol or beverages containing caffeine for at least 24
hours prior to the study. Subjects were asked to rest in a su-
pine position on a bed for at least 10 minutes. The right bra-
chial artery was visualized via high-resolution ultrasound on
the anterior aspect of the arm (Unex, Nagoya, Japan; using a
handheld 10-mHz vascular ultrasound probe). The position
of the transducer relative to the antecubital fossa was re-
corded. The center of the artery was defined as the location
with the clearest picture of both the anterior and posterior
intimal layers. The focus zone was then adjusted to the
depth of the anterior wall of the right brachial artery. Al-
though images were subsequently magnified, no operating
parameters were changed during the study. For arterial di-
ameter measurements, the clearest defined section of the ar-
tery was identified via B-mode imaging, and an M-mode
cursor was positioned over this location at an angle of 90°
from the arterial lumen. The arterial diameter was then
measured from the anterior to posterior “m” line (media-
adventitia interface).

After baseline images were obtained, a pneumatic cuff
was inflated to at least 30 mmHg greater than the subject’s
measured systolic pressure in order to occlude the arterial
inflow for 5 minutes. Arterial image acquisition for diameter
measurement was then performed at baseline and continu-
ously from 30 seconds to 2 minutes after cuff deflation.

FMD was expressed as the percent change in the brachial
artery diameter at end diastole, coincident with the R wave
onset. After a 30-minute rest period in the supine position,
new baseline images were obtained, and sublingual nitro-
glycerin (0.3 mg) was administered to facilitate the evalu-
ation of endothelium-independent vasomotor responsiveness.
NMD was recorded 4 minutes after drug administration. In
this study, NMD was also measured in 185 (58%) of 316
subjects after obtaining their informed consent. For each in-
dividual, the baseline brachial artery diameter and response
to FMD and NMD were calculated using the mean of five
recordings during five cardiac cycles.

To assess the repeatability of this method, FMD and
NMD were also measured twice in patients with sinus nodal
rhythm (n=48). Changes in diameter were recorded continu-
ously, and then vasodilatation was estimated as the percent
change in diameter over the baseline value at the maximum
dilatation after reactive hyperemia (FMD) and after the sub-
lingual application of nitroglycerin. To assess the repeatabil-
ity of the method used during AF, FMD and NMD were
measured 5 times at end-diastole coincident with the R wave
and 600 ms after the R wave, and 95% Bland-Altman
bounds were obtained.

Statistical analyses

The obtained values were expressed as the mean +1 stan-
dard deviation. For the comparison of the patient character-
istics and the FMD and NMD values among the three
groups, a one-way analysis of variance (ANOVA) was used,
followed by the post-hoc Bonferroni test. Patient percent-
ages were compared with the chi-squared test. We used the
SPSS 13.0 statistical software package (SPSS Japan, Tokyo,
Japan) for the statistical analyses, with the level of signifi-
cance set at p<0.05.

Ethical issues

The ethics committee at Iwate Medical University School
of Medicine granted approval for this study, and all of the
patients gave their informed consent.

Results

A comparison of the clinical profiles among the SR,
paroxysmal AF and chronic AF groups (Table 1)

The left ventricular end diastolic dimension (LVDd) and
left atrial dimension (LAD) were significantly higher in the
chronic AF group than in the SR and paroxysmal AF groups
(p<0.01). The left ventricular ejection fraction (LVEF) was
significantly lower in the chronic AF group than in the SR
and paroxysmal AF groups (p<0.01). There were otherwise
no significant differences in demographic data among the
three groups, including the percentage of administration of
renin-angiotensin-aldosterone system (RAAS)
statins, Ca antagonist, B-blockers and organic heart disease
(Table 1).

inhibitors,
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Table 1. Clinical Profiles among SR, PAF and CAF.

SR PAF CAF p value
Number 79 184 53
Age (yrs) 64x11 64+10 64+8 0.823
Male : female 53:26 120:64 35:18 0.799
Hypertension 38 (48%) 93 (51%) 18 (34%) 0.102
Diabetes mellitus 8 (10%) 26 (14%) 5 (9%) 0.194
Dyslipidemia 23 (29%) 57 (31%) 16 (30%) 0.263
Smoking 10 (13%) 20 (11%) 6 (11%) 0.990
Alcohol habits 22 (28%) 51 (28%) 19 (36%) 0.268
Hyperuricemia 8 (10%) 14 (8%) 4 (8%) 0.945
Organic heart disease 17 22%) 23 (13%) 16 (30%) 0.071
Organic pulmonary disease 3 (4%) 5 (3%) 0 (0%) 0.436
TTE parameters;
LVDd (mm) 45759  459+4.4  48.3+5.1 0.005
LAD (mm) 38.1£7.0  41.1%6.5 46.8+6.0  <0.001
LVEF (%) 68.3+9.8 68.2+7.3 63.7+9.6 0.002
RAAS inhibitors 23 (29%) 67 (36%) 19 (36%) 0.151
Statin 19 (24%) 53 (29%) 10 (19%) 0.232
Ca antagonist 21 (27%) 47 (26%) 16 (30%) 0.318
B-blocker 17 (22%) 51 (28%) 17 (32%) 0.209
CHA2DS2-VASc score 1.8+1.3 1.8+1.5 1.8+1.4 0.703

Continuous values are presented as the mean+SD. The values in parentheses are percent-
ages.

SR: sinus rhythm, PAF: paroxysmal atrial fibrillation, CAF: chronic atrial fibrillation,
TTE: transthoracic echocardiography, LVDd: left ventricular end-diastolic dimension,
LAD: left atrial dimension, LVEF: left ventricular ejection fraction, RAAS: renin-angio-
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Figure 1. Relationship between the heart rhythm status and flow-mediated dilatation/nitroglycer-
in-induced dilatation. SR: sinus rhythm, PAF: paroxysmal atrial fibrillation, CAF: chronic atrial fi-
brillation

AF group, showing significant differences among the 3
groups (p<0.05). The NMD was 12.7%+5.9% in the SR
group, 14.6%+6.5% in the paroxysmal AF group and 16.5%

The FMD was 6.5%+3.5% in the SR group, 5.4%+2.6% +9.1% in the chronic AF group, with no significant differ-
in the paroxysmal AF group and 4.3%+2.1% in the chronic ences among the 3 groups (p=NS) (Fig. 1).

Relationship between heart rhythm status and flow
mediated dilatation/nitroglycerin induced dilatation
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Figure 3. Relationship between the CHA2DS:-VASc score and flow-mediated dilatation in the par-

oxysmal AF group. PAF: paroxysmal atrial fibrillation

Relationship between the CHA:DS2-VASc score and
FMD

In the SR group, the FMD was 6.1%+2.7% in the score 0
group, 5.9%+2.0% in the score 1 group, 5.4%+2.5% in the
score 2 group, 4.2%=+2.3% in the score 3 group and 3.7%=
1.8% in the score >4 group based on the CHA,DS.-VASc
score, showing significant differences among the 5 groups
(p<0.01). There were also significant negative correlations
between the CHA.DS>-VASc scores and the FMD (r=-0.326,
p<0.01) (Fig. 2).

In the paroxysmal AF group, the FMD was 6.1%+2.7% in
the score O group, 5.9%+2.0% in the score 1 group, 5.4%=
2.5% in the score 2 group, 4.7%=+2.3% in the score 3 group,
4.1%+1.8% in the score 4 group, and 3.6%+2.0% in the
score 5 group based on the CHA,DS,-VASc score, showing
significant differences among the 6 groups (p<0.01). The re-
lationships between the CHA,DS,-VASc scores and the
FMD were significant in this group (r=-0.322, p<0.01)
(Fig. 3).

In the chronic AF group, the FMD was 5.3%+2.2% in the
score O group, 4.7%=+2.1% in the score 1 group, 4.4%=3.0%
in the score 2 group, 4.0%+2.1% in the score 3 group, and
34+2.2% in the score >4 group based on the CHA.DS.-
VASc score, showing significant differences among the 5
groups (p<0.01). Once again, higher CHA,DS,-VASc scores
were correlated with lower FMD values in the chronic AF
group. CHA,DS,-VASc scores also had a significant negative
correlation with the FMD (r=-0.291, p<0.05) (Fig. 4).

Relationship between individual risk factors com-
prising the CHA2DS2-VASc score and the FMD in pa-
tients with AF

In the paroxysmal AF group, the FMD was 4.6%+2.5% in
those 265 years of age and 6.2%=+2.5% in those <65 years
of age, 4.6%+2.6% in those with hypertension and 6.3%=*
24% in those without hypertension, 2.9%=*1.7% in those
with diabetes mellitus and 5.5%+2.6% in those without dia-
betes mellitus and 2.8%=+1.6% in those with vascular disease
and 5.6%+2.7% in those without vascular disease, showing
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Figure 4. Relationship between the CHA:2DS:-VASc score and flow-mediated dilatation in the
chronic AF group. CAF: chronic atrial fibrillation
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Figure 5. Relationship between individual risk factors comprising the CHA2DS>-VASc score and

flow-mediated dilatation in patients with paroxysmal AF.

significant differences between each pair of individual risk
factors comprising the CHA.DS,-VASc scores (p<0.05)
(Fig. 5).

In the chronic AF group, the FMD was 3.2%=+1.6% in the
group with hypertension and 5.0%=+2.2% in those without
hypertension and 4.2%=+2.1% in those with heart failure and
5.9%+0.7% in those without heart failure, showing signifi-
cant differences between each pair of individual risk factors
comprising the CHA.DS,-VASc scores (p<0.05) (Fig. 6).

In a multivariate logistic regression analysis, hypertension
[odds ratio (OR) 0.221, 95% confidence interval (CI) 0.114-
0.428, p<0.001] and vascular disease (OR 0.112, 95% CI
0.016-0.776, p=0.027) were associated with vascular endo-
thelial dysfunction (VED) among individual risk factors
comprising the CHA,DS,-VASc scores when VED was de-
fined as an FMD of <3.0% (Table 2).

Discussion

Major findings

The present study found that AF episodes appear to cause
deterioration in the vascular endothelial function compared
with SR, and a long AF duration also seems to impair the
endothelium-dependent vasodilatation when matched for
age, gender and CHA.DS,-VASc score. In addition, higher
CHA.DS,-VASc scores were found to be correlated with
lower endothelium-dependent vasodilatation among SR and
paroxysmal and chronic AF patients.
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Figure 6. Relationship between individual risk factors comprising the CHA2DS>-VASc score and
flow-mediated dilatation in patients with chronic AF.

Table 2. Predictors for Detecting Vascular Endothelial Dys-
function among Individual Risk Factors Comprising the CHA:DS:-

VASc Score.

(N=237, mean age 65+10 years)

Variable B Odds ratio (95%CI) p value
Hypertension -1.510 0.221 (0.114 - 0.428) <0.001
Vascular disease -2.186 0.112 (0.016 - 0.776) 0.027
Female -0.468 0.626 (0.332 - 1.217) 0.167
Age 2 65 years -0.508 0.602 (0.282 - 1.217) 0.189
Diabetes mellitus 0.446 2.535 (0.659 - 3.706) 0.311
Prior stroke/TIA 0.710 2.034 (0.318 - 12.98) 0.453
Congestive heart failure 19.82 406.1 (0.001 - 65,478) 0.998

CI: confidence interval, TIA: transient ischemic attack

Relationship between CHA2DS2-VASc scores and en-
dothelial dysfunction in patients with non-valvular
AF

Previous studies have reported that an irregular blood
flow due to AF reduces the expression of endocardial nitric
oxide (NO) production enzyme and nitric oxide synthase
(NOS) gene originating from the left atrium and append-
age (15). It has also been reported that longstanding AF in-
creases the oxidative stress and inflammation of atrial endo-
thelial cells (16). The formation of atrial thrombus may be
accelerated by this malignant cycle. In addition, the NO sys-
tem is known to perform various anti-arteriosclerotic actions,
including not only vasodilation but also the inhibition of
platelet aggregation, inhibition of vascular smooth muscle
cell growth, elimination of superoxides and suppression of
adhesion factor (17). However, risk factors for cardiovascu-
lar disease, such as aging, diabetes mellitus, hypertension
and heart failure (CHA.DS.-VASc score) further attenuate
the vascular NO system (18-21).

In contrast, in an animal model of rapid pacing, AF re-
duced the expression of thrombomodulin (TM), which is a
control factor for blood coagulation produced by vascular
endothelial cells, and tissue factor pathway inhibitor
(TFPI) (22) and increased the blood concentrations of plas-
minogen activator inhibitor (PAI-1) (16). There are several
experimental reports that AF easily causes thrombogenesis.
Furthermore, reports based on clinical practice indicate that
paroxysmal AF accelerated the local platelet aggregation de-
rived from vascular endothelial damage (23) and activation
of coagulation factor (24). In addition, some studies have
shown that chronic AF accelerated the infiltration of leuko-
cytes and the expression of von Willebrand factor (VWF)
and tissue factor (TF) based on pathologic specimens of
atrium obtained from surgery (25, 26). Taken together, these
findings suggest the acceleration of the intra-cardiac throm-
bogenetic system, with endothelial damage in patients with
AF possibly leading to the deterioration of both
endothelium-dependent vasodilatation and anti-thromboge-
netic activity.
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Previous studies have shown that the FMD values in pa-
tients with AF were lower than those in patients with
SR (27, 28). To our knowledge, however, the relationship
between the degree of vascular endothelial damage and the
CHA,DS,-VASc score reflecting risk stratification for stroke
remains unclear in patients with non-valvular AF. In the pre-
sent study, a significant negative correlation was noted be-
tween the FMD and the CHA.DS,-VASc score in subjects
with non-valvular AF. Based on our findings, the frequency
and duration of AF episode appear to cause deterioration in
the vascular endothelial function. In addition, hypertension
and vascular disease seemed to be significant independent
predictors for VED among individual risk factors comrpising
the CHA.DS,-VASc score in our study. These findings sug-
gest that not only hypertension but also CHA.DS.-VASc
scores are required to evaluate VED in subjects with non-
valvular AF.

Further studies are needed to clarify whether or not the
endothelial function index can improve the risk stratification
value for stroke in patients with non-valvular AF.

Limitations

Several limitations associated with the present study war-
rant mention. First, the relationship between FMD and the
cardiovascular prognosis in patients with non-valvular AF
remains unclear. According to previous studies in Europe
and the U.S., there is a close relationship between the FMD
values and ischemic heart disease (29) and peripheral vascu-
lar disease (30). Second, we did not measure the levels of
inflammation biomarkers in patients with non-valvular AF.
However, endothelium-dependent vasodilatation is generally
considered to be an index indicating the degree of arterio-
sclerosis caused by chronic inflammation of blood vessels.
A previous study showed that the blood C-reactive protein
values were related to endothelium-dependent vasodilatation,
as chronic inflammation is related to the development of
atherosclerosis (31). Third, the reliability of blood flow
measurements in AF may be questionable, given the known
beat-to-beat variations associated with AF rhythm. However,
because each point on the FBF curve is based on the angle
of the plethysmographic curve over five cardiac cycles, this
averaging effect may attenuate the beat-to-beat variations
and limit their influence. Fourth, the types of antihyperten-
sive (32) and antiarrhythmic drugs (33) and the dosage of
statins (34) may have influenced the FMD values in patients
with non-valvular AF. Fifth, the present study is a retrospec-
tive study analyzing the FMD, and we cannot completely
exclude the possibility of bias despite carefully matching for
age, gender and CHA,DS,-VASc scores among the three
groups. Finally, the patient population in this study was rela-
tively small. A large, multicenter, prospective study will be
required to determine whether or not including the FMD
might improve the predictive abilities of the score for sys-
temic thromboembolism in patients with non-valvular AF.

Conclusion

The present study found that the frequency and duration
of AF episodes appeared to cause deterioration in the endo-
thelial function compared with SR and that the CHA.DS,-
VASc score in not only patients with non-valvular AF but
also those with SR seemed to affect the impairment of
endothelium-dependent vasodilatation.
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