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Augmentation index is associated with B-type
natriuretic peptide in patients with paroxysmal

atrial fibrillation

Youko Kajil, Toru Miyoshiz, Masayuki Doil, Satoshi Hirohata?, Shigeshi Kamikawa?2, Kosuke Sakane!l,
Tomoki Kitawaki®, Shozo Kusachi?, Kengo Fukushima Kusano* and Hiroshi Ito*

B-type natriuretic peptide (BNP) levels have been shown to be elevated in patients with paroxysmal atrial fibrillation (PAF);
however, the underlying mechanisms have not been fully elucidated. Earlier, we reported that an increase in the augmentation
index (Al), which is an index of wave reflection and arterial stiffness, is associated with PAF. In this study, we investigate the
relationship between the BNP level and Al in patients with PAF. We enrolled 92 patients with a history of PAF and 90 age- and
gender-matched individuals without PAF. Al was calculated using applanation tonometry of the radial artery when all patients
were on sinus rhythm. Plasma BNP levels were measured simultaneously. An arterial stiffness parameter, the cardio-ankle
vascular index (CAVI), was also evaluated. The increased Al in patients with PAF correlated with the elevation of the BNP level
(r=0.47, P<0.01). When PAF patients were classified into tertiles on the basis of the BNP level, the left atrial volume index,
left ventricular mass index, Al and CAVI increased, and mitral annular e’ velocity (e’), as an index of left ventricular diastolic
pressure, decreased with BNP tertiles. Al was also associated with ¢” and left ventricular mass index. Multiple regression
analysis showed that the Al in PAF patients independently correlated with BNP levels. This study showed that Al was an
independent correlate of the BNP level in PAF patients. Left ventricular diastolic dysfunction, which linked to an increase in

arterial stiffness, may be involved in the elevated BNP level.
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INTRODUCTION

The B-type natriuretic peptide (BNP) is a neurohormone secreted
from cardiac ventricles in response to ventricular volume and pressure
overload.! The BNP level does not only significantly correlate with the
left ventricular (LV) filling pressure but also reflects symptomatic LV
dysfunction and prognosis.? Although BNP has been reported to be an
excellent screening tool for LV dysfunction, some patients with
paroxysmal atrial fibrillation (PAF) or coronary artery disease have
been shown to have a high BNP level, independent of LV systolic
function;>* however, the underlying mechanisms of the increase in
BNP level in patients with PAF have not been fully elucidated.

Our recent study showed that the augmentation index (AI)
obtained from the radial artery is increased in patients with PAE>
Al, determined from either a directly measured or derived central
arterial pressure wave form, has been proposed as a measure of aortic
stiffness and wave reflection.® Earlier studies have shown that Al is
closely related to several risk factors for atherosclerosis’ and cardio-
vascular diseases.® Al can be determined noninvasively by pulse wave

analysis of the radial artery, and provides information on cardiac load
and vascular properties.>!? The usefulness of Al measured from radial
pressure waveform has been shown in earlier studies.!®!! As another
parameter of arterial stiffness, the cardio-ankle vascular index (CAVI),
which reflects the stiffness of the aorta independently of blood
pressure, has been developed recently.!> CAVI was reported to be
associated with atherosclerosis,!> cardiovascular risk factors!* and LV
diastolic dysfunction.'®

From this evidence, we hypothesized that Al is associated with the
BNP level in PAF patients. Accordingly, we measured BNP in patients
with a history of PAF and analyzed its relationship with Al, along with
CAVT and echocardiographic parameters.

METHODS

Study population

We recruited 92 consecutive patients (43—80 years of age) with a history of PAF
(PAF group) and 90 age-matched individuals without a history of PAF (control
group), who visited the Sumitomo Besshi hospital from December 2006 to
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November 2007. PAF was diagnosed according to the ACC/AHA/ESC 2006
Guidelines.!® All individuals were in sinus rhythm at the time of measuring the
Al and blood sampling. Hypertension was diagnosed in accordance with the
1999 World Health Organization—International Society of Hypertension Guide-
lines for the management of hypertension.!” Diabetes mellitus was defined as a
fasting blood glucose level > 126 mg per 100 ml or that requiring antidiabetic
medication. Hyperlipidemia was defined as a total cholesterol level of >220 mg
per 100ml or that requiring antihyperlipidemic medication. Exclusion criteria
were as follows: (1) patients with cardiomyopathy; (2) patients with renal
insufficiency (serum creatinine more than 1.5mgml~!); (3) those with acute
coronary syndrome; (4) patients with prosthetic valves or mitral stenosis and
(5) those with decreased LV systolic function (LV ejection fraction <50%),
because modification of the cardiac ejection pattern owing to a low LV function
may alter AL'®!° This study protocol complied with the Declaration of
Helsinki and was approved by the ethics committee of the Sumitomo Besshi
Hospital. Informed consent was obtained from all patients before the study.?

Radial pulse wave analysis

All measurements were determined in a quiet room kept at constant tempera-
ture. First, after a 5-min rest and with the individual seated, brachial blood
pressure was measured using an automatic cuff oscillometric device (HEM-907;
Omron Healthcare Co. Ltd, Kyoto, Japan).!! The average of two readings was
used to determine systolic pressure, diastolic pressure, mean arterial pressure
and pulse pressure. Next, the radial pulse wave was determined at the
wrist using applanation tonometry with a high-fidelity micromanometer
(HEM-9000AI; Omron Healthcare Co. Ltd), as described earlier.!®!>

Cardio-ankle vascular index

The CAVI in patients with PAF was simultaneously measured. CAVI was
measured automatically using a VaSera VS-1000 (Fukuda Denshi, Tokyo,
Japan) from the measurement of blood pressure and pulse wave velocity
(PWV), while monitoring the electrocardiogram and heart sounds.'>!> PWV
was calculated by dividing the distance from the aortic valve to the ankle artery
by the sum of the time between the aortic valve closing sound and the notch of
the brachial pulse wave, and the time between the rise of the brachial pulse
wave and the ankle pulse wave. CAVI was determined using the following
equation: CAVI=a((2p/AP) xIn(Ps/Pd) x PWV?)+b, where Ps and Pd are systolic
and diastolic blood pressures, respectively, PWV is the pulse wave velocity
between the heart and ankle, AP is Ps—Pd, where p is blood density and a and b
are constants. The average of right and left CAVI was used for analysis.

B-type natriuretic peptide measurement

Blood for measuring the BNP level was collected in the fasting state in EDTA-
treated tubes on the day when echocardiography was carried out. After
centrifugation at 2500 r.p.m. and 4°C, the plasma was stored at —80°C.
Plasma BNP was determined by immunoradiometric assay (non-extracted)
using an antibody to human BNP (Shionogi Co. Ltd, Tokyo, Japan), as
described earlier.!” The precision, analytical sensitivity and stability character-
istics of the system have been described earlier.!

Transthoracic echocardiography

Comprehensive transthoracic echocardiography was carried out using com-
mercially available equipment (iE33; Philips, Andover, MA, USA). Standard M
mode, two dimensional and color Doppler imaging were carried out in
parasternal and apical views. Measurements were made according to the
guidelines laid down by the American Society of Echocardiography.?! The left
atrial volume index (LAVI) was assessed by the modified biplane area—length
method?? and was indexed to the body surface area. LV ejection fraction was
measured using the modified Simpson rule. LV mass was calculated using the
Penn convention.?> The left ventricular mass index (LVMI) was calculated by
dividing LV mass by the body surface area. The LV diastolic filling pattern was
recorded from the apical transducer position, with the sample volume situated
between the mitral leaflet tips. Peak early diastolic velocity (E velocity) and peak
atrial diastolic velocity (A velocity) were recorded, and the ratio of E to A (E/A)
was calculated. The deceleration time of E velocity (DcT) was measured as the
time interval from the E-wave peak to the decline of velocity to baseline values.
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The tissue Doppler-derived diastolic mitral annular velocity (e”) was also
obtained.

Statistical analysis

Categorical variables were compared between groups by y?-analysis. The
unpaired Student’s test was used for continuous variables between groups.
Differences in characteristics across BNP tertiles were compared by one-way
ANOVA (analysis of variance), followed by Bonferroni’s post hoc test for
continuous variables. Differences in parameters between PAF and control
groups or among BNP tertiles were also evaluated after adjustment for several
factors by ANCOVA (analysis of covariance). The correlation between the Al or
the BNP level and other clinical parameters was examined by univariate and
multivariate linear regression analysis. As the BNP level was not normally
distributed, the log-transformed BNP level (log BNP) was used in linear
regression analysis. Differences at P<0.05 were considered significant. Data
were analyzed using SPSS 11.0 for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS

BNP level and Al in patients with and without PAF

Table 1 shows the characteristics of all patients in this study, according
to their PAF history. There were no differences in the prevalence of
hypertension and diabetes, although hyperlipidemia was more pre-
valent in patients without PAE Patients with PAF used [-blockers,
digitalis and antiarrythmic drugs more frequently than did indivi-
dualss without PAE Left atrial diameter and LVMI in patients with
PAF were significantly greater than those in patients without PAF. The
crude Al in PAF patients showed a significantly higher value than that

Table 1 Comparison of clinical characteristics in patients with or
without PAF

Control (n=90) PAF (n=92) P-value
Age (years) 69+7 70+8 0.27
Men (n, %) 50 (57) 55 (60) 0.56
Height (cm) 159+8 1607 0.18
BMI (kgm—2) 23.6+3.1 23.5+3.4 0.79
Heart rate (b.p.m.) 7010 64110 <0.01
Hypertension (n, %) 57 (63) 49 (53) 0.16
Hyperlipidemia (n, %) 44 (49) 27 (29) 0.01
Diabetes (n, %) 14 (16) 16 (17) 0.74
History of CAD (n, %) 15(17) 9 (10) 0.16
History of smoking (n, %) 14 (16) 11 (12) 0.56
SBP (mm Hg) 135+14 135+18 0.97
DBP (mm Hg) 73%10 73%10 0.95
Pulse pressure (mm Hg) 63+11 62+15 0.85
Creatinine (mg per 100 ml) 0.8£0.3 0.8£0.2 0.17
Medications (n, %)
ACEI/ARB 35 (39) 30 (33) 0.38
CCB 27 (30) 35 (38) 0.25
B-Blockers 5 (6) 20 (22) <0.01
Digitalis 2(2) 15 (16) <0.01
Antiarrythmic drugs 1(1) 51 (55) <0.01
LVEF (%) 718 718 0.63
LAD (mm) 34.7+4.8 38.1+5.6 <0.01
LVMI (gm~2) 91.3+20.1 99.8+25.5 0.02
Al (%) 81.0+10.4 89.1+11.5 <0.01
BNP (pgml~1) 26.3+£27.4 54.2+57.9 <0.01

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; Al, augmentation index; ARBs,
angiotensin receptor blockers; BNP, B-type natriuretic peptide; BMI, body mass index; CAD,
coronary artery disease; CCBs, calcium channel blockers; DBP, diastolic blood pressure; LVEF,
left ventricular ejection fraction; LVMI, left ventricular mass index; SBP, systolic blood pressure.
Values are expressed as numbers with percentages in parentheses or as the mean +s.d.



in individuals without PAF. This difference remained significant after
adjustment for confounding factors such as age, gender, height, heart
rate, use of antiarrythmic drugs and the presence of hyperlipidemia
(88.0£ 1.1 and 82.1 £ 1.1%, respectively, expressed as the mean * s.e.,
P<0.01). The crude BNP level in patients with PAF was shown to be
higher than that in individuals without PAF, even after adjustment
for the confounding factors mentioned above (51.6%+4.7 and
28.9+4.8pgml~!, respectively, expressed as the meants.e.,
P<0.01). Next, we carried out an additional analysis by excluding
patients on B-blockers and on digitalis, because it is well known that
slowing of the heart rate may increase Al In the comparison between
individuals with PAF (n=59) and those without PAF (n=89), the
difference in Al between the two groups was shown to be significant
even after adjustment of age, gender and height (87.8+1.3 vs.
81.6 + 1.0%, respectively, expressed as the mean £ s.e., P<0.01).

Relationship between AI and clinical characteristics

To assess the factors affecting AT and BNP, univariate and multivariate
linear regression analyses were carried out according to the history of
PAF (Table 2 and Figure 1). Multivariate analysis showed that the Al in
patients with PAF, and not in individuals without PAE was positively
correlated with log BNP, besides systolic blood pressure (SBP), heart
rate and E/A. Furthermore, we carried out an analysis by excluding
PAF patients on B-blockers and on digitalis (n=59). In PAF patients
who were not on B-blockers and digitalis, univariate analysis showed
that the AI was correlated with log BNP (r=0.31, P<0.01). Multi-
variate analysis showed again the significant relationship between Al
and log BNP, even after adjusting for covariates such as age, gender,
height, heart rate, SBP, left atrial diameter, LVMI and E/A (f=0.16,
P=0.03). Next, as CAVI values were available only in PAF patients, the
relationship between CAVI and clinical characteristics in PAF patients
was analyzed. Univariate analysis showed that CAVI was significantly
correlated with age (r=0.41, P<0.01), SBP (r=0.26, P<0.01), pulse
pressure (r=0.35, P<0.01), E/A (r=—0.35, P<0.01) and log BNP

Table 2 Univariate and multivariate relation between Al and clinical
characteristics

Patients without PAF Patients with PAF

Dependent Univariate Multivariate Univariate Multivariate

variable:

Al vy P-value B P-value vy P-value B  P-value
Age 0.25 0.02 -0.05 0.70 0.13 0.20 -0.11 0.26
Male -0.08 043 — — -0.15 0.16 — —

Height -0.22 0.04 -0.24 0.03 -0.26 0.01 -0.17 0.10
BMI 0.01 093 — — =014 020 — —

SBP 0.43 <0.01 0.39 <0.01 0.28 <0.01 0.22 0.02
DBP 0.05 064 — — =001 099 — —

Pulse pressure  0.23 0.03 — — 0.15 0.16 — —

Heart rate -0.40 <0.01 -0.40 <0.01 -0.43 <0.01 -0.31 <0.01
LVEF -0.13 025 — — -003 076 — —

LAD 0.23 003 0.02 0.8 026 001 -0.02 087
LvmI 0.23 003 -0.11 032 0.29 <001 0.06 0.96
E/A -0.26 0.02 -0.28 0.01 -0.28 <0.01 -0.22 0.03
DcT 0.15 017 — — 0.04 070 — —

Log BNP 0.15 0.17 — — 0.47 <0.01 0.37 <0.01

Abbreviations: A, peak late diastolic transmitral velocity; BNP, B-type natriuretic peptide;
BMI, body mass index; DcT, deceleration time of E velocity; E, peak early transmitral velocity;
Al, augmentation index; DBP, diastolic blood pressure; LAD, left atrial diameter; LVEF, left
ventricular ejection fraction; LVMI, left ventricular mass index; SBP, systolic blood pressure.
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(r=0.39, P<0.01), and tended to be associated with height (r=—0.20,
P=0.06) and LVMI (r=0.21, P=0.05). Multivariate linear regression
analyses showed that E/A was significantly correlated with CAVI,
although the associations between CAVI and age (=0.20, P=0.07),
height (f=0.10, P=0.46), pulse pressure (//=0.20, P=0.06), LVMI
(f=0.16, P=0.06) and log BNP (/=0.15, P=0.20) were not signifi-
cant. The correlation between AI and CAVI was significant in PAF
patients (r=0.28, P<0.01).

Clinical characteristics of PAF patients

To assess the factors determining BNP levels in PAF patients, the
patients were classified on the basis of tertiles of BNP level (Table 3).
Women were most prevalent in the highest BNP tertile. There were no
differences in the prevalence of hypertension, hyperlipidemia and
diabetes, and in the medication for hypertension and arrhythmia
among tertiles. Regarding the parameters of blood pressure, there were
no differences in SBP and DBP (diastolic blood pressure); however,
pulse pressure was significantly greater in the highest BNP tertile than
in other tertiles. As for echocardiographic parameters, there were no
differences in the LV ejection fraction among groups, whereas the
patients in the highest tertile group had a significantly larger LAVI and
LVM]I, and smaller e’. The linear regression analysis also showed that
log BNP was correlated with pulse pressure (r=0.28, P<0.01) LAVI
(r=0.37, P<0.01), LVMI (r=0.35, P<0.01) and ¢ (r=-0.39,
P<0.01) (Figure 1). The crude AI increased with BNP tertiles, and
this difference remained significant after adjusting for age, gender and
pulse pressure among the lowest, middle and the highest BNP tertiles
(84.912.0, 87.51 1.9 and 94.9 £ 2.0%, respectively, expressed as the
means * s.e., P<0.01). Crude CAVI significantly increased with BNP
tertiles, whereas the difference in CAVI after adjustment for con-
founding factors did not reach statistical significance (P=0.07).

Assessments of clinical characteristics affecting BNP level in
patients with PAF

Stepwise multiple linear regression analyses showed that among
variables, Al, LVMI and male gender were independent correlates of
increased BNP levels in PAF patients (Table 4).

Comparisons of BNP levels, CAVI, Al and clinical and
echocardiographic parameters between patients with normal
LAVI and those with increased LAVI

Increased LAVI was defined as greater than or equal to 28 mlm 2. Age,
¢/, E/A, DcT, CAV], Al and BNP levels showed significant differences
between patients with normal LAVI and those with increased LAVI
(Table 5). There were no differences in SBP, DBP, heart rate and LVMI.

DISCUSSION
In this study, we showed that an elevated Al was independently
associated with the increase in BNP levels in patients with a history
of PAFE. Taken together with the echocardiographic finding that Al was
correlated with the parameters of diastolic function, the BNP level in
PAF patients may reflect LV diastolic dysfunction linked to an increase
in arterial stiffness. In addition, AT and CAVI in patients with larger
LAVI were greater than those in patients with normal LAVI, even
though the LVMI was not different between groups. These findings
suggest that arterial stiffness is more severe in PAF patients and the
development of PAF may be involved in increased arterial stiffness.
In our study, a significant association between the Al and BNP level
was observed in PAF patients, but not in individuals without PAF,
although earlier studies showed a significant correlation between the
BNP level and Al in hypertensive patients.?* One explanation for this
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Figure 1 The correlation between the augmentation index (Al) and log-transformed BNP (a), ¢’ (b) and LAVI (c), and the correlation between log-transformed

BNP and e’ (d), in patients with PAF.

discrepancy is that our control group included around 40% non-
hypertensive patients. Another explanation is that a relatively older
population was enrolled in this study. An earlier large cohort study in
healthy individuals suggested that the increase in Al with age became
obscure after the age of 60 years.?> Despite the factors influencing Al,
we found a significant association between BNP and AI in PAF
patients.

Augmentation index has been shown to be affected by various
clinical factors, such as heart rate, LV function, gender, age and
antihypertensive medicines.!®?>2 In this study, even after adjustment
for those factors, the difference in Al between patients with or without
PAF remained significant. In the analysis of PAF patients, heart rate,
age and medications did not differ among the tertiles of the BNP level,
and this study did not include patients with a decreased LV ejection
fraction. Therefore, age, medication and LV systolic function were thus
not responsible for the present finding of a relationship between Al
and the BNP level. Multivariate analysis finally selected Al as an
independent factor associated with BNP level in PAF patients, as LV
diastolic function representing ¢’ differed among the tertiles of the
BNP level.

Regarding the underlying mechanisms of the association between
Al and BNP level, an explanation is that Al may contribute to diastolic
dysfunction and lead to the elevation of the BNP level. An enhanced
arterial stiffness increases the velocity of the pulse wave generated by
LV ejection (pulse wave velocity), and the reflected wave returns early
to the heart, which enhances pressure augmentation. An increase in
the afterload may then result in myocardial structural changes in the
LV, such as hypertrophy and diastolic dysfunction. In fact, earlier
studies showed that an increase in AI, which increases with late systolic
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peak pressure, was associated with echocardiographic parameters
regarding LV relaxation in individuals with a preserved LV ejection
fraction.?#?”28 Another explanation is that an increase in Al was
involved in LV hypertrophy, which elevates the LV pressure and leads
to the elevation of BNP level. Consistant with this relationship, several
reports have shown that Al is an important determinant of LV mass.?’

In this study, the BNP level in PAF patients was significantly
correlated with Al and CAVI. Both the parameters may be affected
by arterial structure and function, whereas the theoretical concept and
the confounding factors of the two measurements are not the same. Al
is considered as a parameter of peripheral wave reflection as well as of
large-artery stiffness. The important factors for Al are not only fast
pulse wave velocity through stiff arteries, but also sites of impedance
mismatch at the periphery. On the other hand, CAVI essentially
represents stiffness of the aorta, the femoral artery and the tibial
artery as a whole.!> There are emerging clinical evidences for a
theoretical rationale for CAVI in determining vascular function, as
CAVT was shown to be correlated with the stiffness parameter beta of
the thoracic descending aorta obtained with transesophageal echocar-
diography.>® Hence, with regard to large artery stiffness, CAVI could
support, at least in part, the preset result regarding the relationship
between BNP level and Al in patients with PAE

In this study, we showed that increased LAVI in PAF patients was
correlated with enhanced arterial stiffness presented by AI and CAVI.
An earlier study showed that left atrial enlargement was an important
precursor of atrial fibrillation (AF).>! We have also reported the
increase in Al and LA sizes as a potential risk for PAE> Increased Al
would result in anatomical changes and electrophysiological altera-
tions in LA, which may provide a basis for the increased incidence



Table 3 Association between plasma BNP level and covariates among
study groups
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Table 5 Comparison of clinical characteristics in PAF patients with
normal or increased left atrial volume index

BNP (pgmi=1) Normal LAVl (h=59)  Increased LAVl (h=33)  P-value
T1(=30) T2Mm=31) T3(=31) Pvalue Age(ears) 69+8 727 0.04
SBP (mmHg) 134+19 138+17 0.34
Age (years) 67+9 717 72+7 0.07 DBP (mm Hg) 74+10 73+11 0.61
Men (n, %) 23 (77) 19 (61) 13 (42) 0.02  Heart rate (b.p.m.) 65+ 10 639 0.18
Height (cm) 162+6 1607 160+7 0.27 ¢ (cms™1) 7.3+18 6.2+1.8 <0.01
BMI (kgm~—2) 24.2+2.7 22.8+3.8 23.5+3.4 0.26 E/A 0.84%0.18 0.76+0.14 0.03
Hypertension (n, %) 15 (43) 17 (55) 17 (61) 0.90  DcT (ms) 196 +£32 206+ 40 0.23
Hyperlipidemia (n, %) 12 (40) 7 (23) 8 (26) 0.28  LVEF (%) 71t8 71%6 0.92
Diabetes (n, %) 4 (13) 6 (19) 6 (19) 0.77  LYMI (gm~3) 96.9+26.3 105.0+£23.7 0.15
History of CAD (n, %) 4(13) 2(7) 3 (10) 0.66  CAVI 8.7+1.0 9.3+1.1 0.03
History of smoking (n, %) 6 (20) 3 (10) 5(16) 0.52 Al (%) 86.9+11.2 93.2+11.2 0.01
SBP (mmHg) 132+16 135+12 139+22 0.28  BNP (pgml~1) 40.5+44.7 78.5+£70.5 <0.01
DBP (mm Hg) 76+11 7319 7111 0.11 Abbreviations: A, peak late diastolic transmitral velocity; Al, augmentation index; BNP, B-type
Pulse pressure (mm Hg) 56+12 62+13 68+19 <0.01 natriuretic peptide; CAVI, cardio-ankle vascular index; DBP, diastolic blood pressure; DcT,
ertite bpm) G659 E6:1l 6258 013 Emonimeotcumnty ¢ bk i oot WEF i it
Medications (n, %)
ACEIARB 723 1139 12(39) 0.40 required to clarify the mechanisms. Third, it is well known that
CCB 7 (23) 16 (51) 12 (39) 0.08 . . . .
8 Blockers & (20) 4013) 10 32) 017 antlhyperten§lve agents influence Al, BNI? and. cardiovascular para-
Digitalis 4(13) 8 (26) 3(10) 0po meters. In this sFu.dy, we evaluated the relationship between‘A.I .and the
Antiarrythmic drugs 16 (53) 16 (52) 19 (61) 071 BNP level receiving pharmac019g1cal therapy. The p0551b111.ty th.at
LVEF (%) 70+8 7049 7047 075 Pharmacological therapy has different effects on the relationship
LAVI (ml m-2) 20.7+8.2 2574120 306+133 001 Petween Al and BNP level cannot be excluded.
LVMI (gm-2) 90.3+24.0 100.8+26.0 108.1+24.1 0.02 In conclusion, this study showed that, in PAF patients, an increased
¢ ems-1) 78420 69+1.7 61+16 <001 AL which is an index of wave reflection and arterial stiffness, was
E/A 0.84+0.19 081+0.17 0.78+0.15 0.34 independently associated with the elevation of BNP level. LV diastolic
CAVI 85+1.1 9.7+0.9 95+08 <001 dysfunction, which was linked to an increase in AL, may be involved in
Al (%) 83.7+10.6 87.5+10.3 96.0£10.3 <0.01 the BNP level. Furthermore, patients with greater LA size reflecting the
BNP (pgmi~1) 12.8+5.1 35.1+9.3 113.2%66.1 <0.01 progress of PAF showed greater arterial stiffness, suggesting that the

Abbreviations: A, peak late diastolic transmitral velocity; ACEls, angiotensin-converting enzyme
inhibitors; Al, augmentation index; ARBs, angiotensin receptor blockers; BNP, B-type natriuretic
peptide; BMI, body mass index; CAD, coronary artery disease; CCBs, calcium channel blockers;
DBP, diastolic blood pressure; E, peak early transmitral velocity; LVEF, left ventricular ejection
fraction; LVMI, left ventricular mass index; SBP, systolic blood pressure.

Table 4 Stepwise multiple regression analysis variables associated
with BNP level in PAF patients

Dependent Explanatory Standardized regression

variable variable coefficient t P-value

Log BNP Al 0.356 3.47 0.001
LVMI 0.248 2.50 0.015
Gender (male) -0.227 -2.30 0.024

Abbreviations: Al, augmentation index; BNP, B-type natriuretic peptide; LVMI, left ventricular
mass index; PAF, paroxysmal atrial fibrillation.
Multiple regression coefficient r=0.584, P<0.01.

of AF. Thus, AI would be clinically useful to some extent for assessing
PAF patients in connection with LA size, as Al measurement is easy
and noninvasive.

This study has several limitations. First, because patients were
recruited from the outpatient cardiology clinic, invasive hemodynamic
measurement to obtain precise data, including cardiac catheterization,
was not carried out. To make up for this limitation, extensive Doppler
echocardiographic assessments and measurement of atrial volume
were carried out. Second, because this is a cross-sectional study, the
causal relationship could not be clarified. A prospective study is

development of PAF may be involved in the increase in arterial
stiffness.
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