
Int. J. Med. Sci. 2013, Vol. 10 
 

 
http://www.medsci.org 

1437 

IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  MMeeddiiccaall  SScciieenncceess  
2013; 10(11):1437-1444. doi: 10.7150/ijms.5753 

Research Paper 

Association of Increased Arterial Stiffness and P Wave 
Dispersion with Left Ventricular Diastolic Dysfunction 
Wei–Chung Tsai1,2, Kun–Tai Lee1,3, Hsuan-Fu Kuo1, Wei-Hua Tang1, Shih-Jie Jhuo1, Chih–Sheng Chu1,3, 
Tsung–Hsien Lin1,3, Po–Chao Hsu1, Ming-Yen Lin4, Feng-Hsien Lin2, Ho–Ming Su1,2,3, Wen-Chol Voon1,3, 
Wen–Ter Lai1,3, Sheng–Hsiung Sheu1,3  

1. Division of Cardiology, Department of Internal Medicine, Kaohsiung Medical University Hospital, Kaohsiung Medical University, 
Kaohsiung, Taiwan; 

2. Department of Internal Medicine, Kaohsiung Municipal Hsiao-Kang Hospital, Kaohsiung Medical University, Kaohsiung, Taiwan; 
3. Faculty of Medicine, College of Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan; 
4. Department of Public Health, Kaohsiung Medical University, Kaohsiung, Taiwan.  

 Corresponding author: Ho–Ming Su, Division of Cardiology, Department of Internal Medicine; Kaohsiung Medical University Hospital, 
No.100, Ziyou 1st Rd., Kaohsiung City 807, Taiwan. Tel: (886)(7) 3121101 EXT. 7742 Fax: (886)(7) 3234845 E-mail: cobeshm@seed.net.tw. 

© Ivyspring International Publisher. This is an open-access article distributed under the terms of the Creative Commons License (http://creativecommons.org/ 
licenses/by-nc-nd/3.0/). Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited. 

Received: 2012.12.21; Accepted: 2013.08.12; Published: 2013.08.26 

Abstract 

Background: The association between increased arterial stiffness and left ventricular diastolic 
dysfunction (LVDD) may be influenced by left ventricular performance. P wave dispersion is not 
only a significant determinant of left ventricular performance, but is also correlated with LVDD. 
This study is designed to compare left ventricular diastolic function among patients divided by 
brachial-ankle pulse wave velocity (baPWV) and corrected P wave dispersion (PWDC) and assess 
whether the combination of baPWV and PWDC can predict LVDD more accurately. 
Methods: This cross-sectional study enrolled 270 patients and classified them into four groups 
according to the median values of baPWV and PWDC. LVDD was defined as impaired relaxation 
and pseudonormal/restrictive mitral inflow patterns. 
Results: The ratio of transmitral E wave velocity to early diastolic mitral annulus velocity (E/Ea) 
was higher in group with higher baPWV and PWDC than in the other groups (all p <0.001). The 
prevalence of LVDD was higher in group with higher baPWV and PWDC than in the two groups 
with lower baPWV (p ≤ 0.001). The baPWV and PWDC were correlated with E/Ea and LVDD in 
multivariate analysis (p ≤ 0.030). The addition of baPWV and PWDC to a clinical mode could 
significantly improve the R square in prediction of E/Ea and C statistic and integrated discrimination 
index in prediction of LVDD (p ≤ 0.010).  
Conclusions: This study showed increased baPWV and PWDC were correlated with high E/Ea 
and LVDD. The addition of baPWV and PWDC to a clinical model improved the prediction of high 
E/Ea and LVDD. Screening patients by means of baPWV and PWDC might help identify the high 
risk group of elevated left ventricular filling pressure and LVDD. 

Key words: brachial-ankle pulse wave velocity; P wave dispersion; left ventricular diastolic dys-
function. 

Introduction 
Assessment of left ventricular diastolic function 

is useful in risk stratification for patients with cardi-
ovascular disease and can provide a diagnostic clue 

for heart failure with preserved ejection fraction. The 
cardiac mortality and morbidity were increased in 
heart failure patients with left ventricular diastolic 
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dysfunction (LVDD) [1, 2].  
Although there were several parameters using in 

the assessment of arterial stiffness, the gold standard 
of non-invasive arterial stiffness measurement is ca-
rotid-femoral pulse wave velocity [3]. The carot-
id-femoral pulse wave velocity directly reflected aor-
tic pulse wave velocity [4, 5]. In contrast, brachi-
al-ankle pulse wave velocity (baPWV) reflected a 
composite of several arterial segments, some of which 
were prone to arteriosclerosis alone (brachial and 
distal arteries) and some to both atherosclerosis and 
arteriosclerosis (aorta and femoral arteries). However, 
Tanaka et al. compared carotid-femoral pulse wave 
velocity and baPWV in 2287 patients and found a 
strong correlation between them [6]. Therefore, it is 
reasonable to use baPWV as a marker of arterial 
stiffness. In addition, increased baPWV is associated 
with LVDD [7, 8]. However, our group and others 
[9-12] recently found that left ventricular systolic 
performance also influenced the pulse wave velocity.  

The 12-lead electrocardiogram (ECG) is a com-
monly using noninvasive tool to access cardiac elec-
trophysiological properties. P wave dispersion in 12 
lead ECG is a useful tool to assess the risk of atrial 
fibrillation and our recent study along with previous 
studies also demonstrated increased P wave disper-
sion had a significant correlation with LVDD [13-15]. 
P wave dispersion was also found to be related to 
some echocardiogrphic parameters, including left 
atrial diameter, interventricular septum thickness, left 
ventricular posterior wall thickness and left ventricu-
lar mass [16, 17]. Besides, increased P wave dispersion 
may be a significant determinant of impaired left 
ventricular performance [18-22]. Therefore, P wave 
dispersion may have a significant influence on the 
relationship between pulse wave velocity and left 
ventricular diastolic function. Accordingly, the aims 
of this study are to compare the left ventricular dias-
tolic function among patients divided by the median 
values of baPWV and corrected P wave dispersion 
(PWDC) and to assess whether the combination of 
baPWV and PWDC can predict LVDD more accu-
rately. 

Methods 
Study subjects 

Study subjects were randomly included from a 
group of patients arranged for echocardiographic 
examinations in a local hospital because of suspecting 
coronary artery disease, heart failure, hypertension, 
abnormal cardiac physical examination, survey for 
dyspnea and the pre-operative cardiac function sur-
vey. We excluded the patients with significant aortic 
or mitral valve diseases, atrial fibrillation or inade-

quate image visualization. In total, 270 patients were 
included in this study. Study patients were further 
classified into four groups according to the median 
values of baPWV and PWDC. All patients were in 
sinus rhythm. The protocol was approved by our In-
stitutional Review Board and all enrolled patients 
gave written, informed consent. 

Collection of demographic, medical and la-
boratory data 

Demographic and medical data including age, 
gender, smoking history, medication history and 
co-morbidity were obtained from chart review and 
interviews with patients. The body mass index was 
calculated as the ratio of weight in kilograms divided 
by square of height in meters. Coronary artery disease 
was defined as a history of typical angina with posi-
tive stress test, angiographically documented coro-
nary artery disease, old myocardial infarction, or 
having undergone coronary artery bypass surgery or 
angioplasty. Clinical heart failure was defined as a 
history of symptoms such as fatigue, shortness of 
breath, dyspnea, tachypnea, diminished exercise ca-
pacity, orthopnea, paroxysmal nocturnal dyspnea, 
bilateral pitting edema, increasing abdominal girth 
and Cheyne-Stokes respiratory pattern during sleep. 
Laboratory data were measured from fasting blood 
samples using an autoanalyser (COBAS Integra 400; 
Roche Diagnostics GmbH, Mannheim, Germany). 
Blood samples were obtained within 1 month of en-
rollment. 

Echocardiographic assessment 
The echocardiographic examinations were per-

formed by one experienced cardiologist using trans-
thoracic echocardiography (Vivid 7, General Electric 
Medical Systems, Horten, Norway), with the partici-
pant respirating quietly in the left decubitus position. 
Two-dimensional and two-dimensionally guided 
M-mode images were recorded from the standardized 
views. The Doppler sample volume was placed at the 
tips of the mitral leaflets to obtain the left ventricular 
inflow waveforms from the apical 4-chamber view. 
All sample volumes were positioned with ultrasonic 
beam alignment to flow. Pulsed tissue Doppler im-
aging was obtained with the sample volume placed at 
the lateral corner of the mitral annulus from the apical 
4-chamber view. The wall filter settings were adjusted 
to exclude high-frequency signals and the gain was 
minimized. A normal mitral inflow pattern was rec-
ognized if the ratio of transmitral E wave velocity (E) 
to transmitral A wave velocity (A) was ≥0.75, early 
diastolic mitral annulus velocity (Ea) ≥ 8 cm/s and 
E/Ea ≤ 10, impaired relaxation mitral inflow pattern if 
the E/A ratio was <0.75 and pseudonor-
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mal/restrictive mitral inflow pattern if the E/A ratio 
was ≥ 0.75, Ea <8 cm/s or E/Ea>10 [23, 24]. In this 
study, LVDD was defined as impaired relaxation and 
pseudonormal/restrictive mitral inflow patterns. The 
left ventricular ejection fraction was measured by the 
modified Simpson’s method. The left atrial volume 
(LAV) was measured by the biplane area–length 
method [25]. Apical 4- and 2-chamber views were 
obtained to determine the left atrial area and length 
(from the middle of the plane of the mitral annulus to 
the posterior wall). The maximal left atrial chamber 
area and length were measured before mitral valve 
opening, excluding the left atrial appendage and 
pulmonary veins. The LAV was calculated and in-
dexed to the body surface area. The raw ultrasonic 
data were recorded and analyzed offline with soft-
ware (EchoPAC, GE Medical Systems) by a cardiolo-
gist blinded to the other data. 

Assessment of baPWV 
Within 10 minutes after the completion of the 

echocardiographic examination, baPWV was assessed 
using an ABI-form device, which automatically and 
simultaneously measures blood pressure in both arms 
and ankles using an oscillometric method [26, 27]. For 
measuring baPWV, pulse waves that were obtained 
from the brachial and tibial arteries were recorded 
simultaneously and the transmission time, which was 
defined as the time interval between the initial in-
crease in brachial and tibial waveforms, was deter-
mined. The transmission distance from the arm to 
each ankle was calculated according to body height. 
The value of baPWV was automatically computed as 
the transmission distance divided by the transmission 
time. After obtaining bilateral baPWV values, the av-
erage of two values was used for analysis. Systolic 
and diastolic blood pressures were measured by the 
same device. The averages of systolic and diastolic 
blood pressures of bilateral arms were used for anal-
ysis. 

Assessment of PWDC 
Within 10 minutes after the completion of echo-

cardiographic examination, the standard 12-lead sur-
face ECG (25-mm/s, 1-mV/cm, and 100-Hz) was rec-
orded. ECGs were measured quantitatively for inter-
vals and height and qualitatively for morphology. 
Quantitative assessments were performed by using 
image analysis software system (Image Tool 3.0). 
Qualitative assessments of ECG recordings were 
performed by 2 cardiologists with disagreement re-
solved by adjudication from a third cardiologist. The 2 
cardiologists were blinded to the clinical details. The P 
wave dispersion was calculated by the difference 
between maximum and minimum P wave durations 

[28]. The P wave dispersion was corrected for heart 
rate by Bazett’s formula [29].  

Statistical analysis  
SAS 9.1 statistics software was used for statistical 

analysis. Data were expressed as mean ± standard 
deviation or percentage. After we had determined 
normality using a Kolmogorov–Smirnov test for all 
continuous variables, appropriate parametric and 
nonparametric tests were used. One-way analysis of 
variance and the Kruskal-Wallis (nonparametric) tests 
were utilized for comparisons of more than two 
groups, and Bonferroni post hoc tests were per-
formed. The relationships between normally and 
nonnormally distributed continuous variables were 
assessed by Pearson’s and Spearman`s correlation, 
respectively. Categorical variables between groups 
were compared by chi-square analysis. The significant 
variables in the univariate analysis except medica-
tions were selected for multivariate analysis. The 
multivariate linear and logistic regression analyses 
were employed to identify the determinants of E/Ea 
and LVDD, respectively. To quantify discriminatory 
improvement for models with and without the 
baPWV and PWDC, we computed the adjusted R 
square, C statistic and integrated discrimination index 
according to the methods of Pencina et al. [30, 31]. All 
tests were 2-sided and the level of significance was 
established as P < 0.05. 

Results 
The comparison of clinical characteristics among 

the study groups was shown in Table 1. Patients were 
classified to four groups, lower baPWV and PWDC (n 
= 71), lower baPWV and higher PWDC (n = 64), 
higher baPWV and lower PWDC (n = 64), and higher 
baPWV and PWDC (n = 71). The median values of 
baPWV and PWDC were 1706 cm/s and 68 ms, re-
spectively. There was no correlation between baPWV 
and PWDC (r = 0.002, p = 0.969). There were signifi-
cant differences among the four groups in age, prev-
alence of diabetes mellitus and hypertension, using of 
angiotensin II receptor antagonists and calcium 
channel blockers, heart rate, systolic and diastolic 
blood pressures, hematocrit and albumin. The pa-
tients with higher baPWV were older and had higher 
prevalence of diabetes and hypertension, higher fast-
ing glucose and systolic and diastolic blood pressure, 
and higher using rate of angiotensin II receptor an-
tagonists and calcium channel blockers. 

The echocardiographic characteristics, baPWV 
and PWDC were compared among the study groups 
(Table 2). There were significant differences among 
four groups in LAV index, left ventricular 
end-diastolic and end-systolic dimensions, left ven-
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tricular ejection fraction, E, A, E/A, E-wave decelera-
tion time, Ea, E/Ea, late diastolic mitral velocity, 
PWDC, baPWV, prevalence of normal mitral inflow, 
impaired relaxation mitral inflow and pseudonor-
mal/restrictive mitral inflow patterns and LVDD.  

When comparing the patients with lower 
baPWV, the baseline characteristics including age, 
prevalence of diabetes, hypertension and coronary 
artery disease, body mass index, medication use, 
blood pressure, pulse pressure, fasting glucose and 
lipid profiles were similar between patients with 
lower and higher PWDC. However, LAV index and 
left ventricular end-diastolic and end-systolic dimen-
sions were larger and left ventricular ejection fraction, 
Ea, E/Ea and prevalence of LVDD were more im-
paired in patients with higher PWDC than with in 
patients with lower PWDC. 

When comparing the patients with higher 
baPWV, the baseline characteristics including age, 
prevalence of diabetes and coronary artery disease, 
body mass index, medication use, heart rate, blood 
pressure, pulse pressure, fasting glucose and lipid 
profiles were comparable between patients with low-
er and higher PWDC. However, LAV index and left 
ventricular end-diastolic and end-systolic dimensions 
were larger and E/Ea was higher in patients with 

higher PWDC than in patients with lower PWDC.  
The determinants of E/Ea were showed in Table 

3. Age, diabetes, hematocrit, baPWV and PWDC were 
significantly correlated to E/Ea in univariate analysis. 
After multivariate analysis, baPWV and PWDC were 
still significantly correlated with E/Ea. 

Table 4 showed the determinants of LVDD in 
our study. The significant determinants in univariate 
analysis were age, diabetes, hypertension, baPWV 
and PWDC. After multivariate analysis, age, diabetes, 
baPWV and PWDC were still the major significant 
determinants of LVDD.  

The adjusted R square in prediction of E/Ea was 
significantly improved after addition of baPWV and 
PWDC to a model including age, diabetes and hemo-
crit from 0.070 to 0.110 (p = 0.003). To assess the effect 
of addition of baPWV and PWDC to clinical model for 
predicting of LVDD, C statistic and integrated dis-
crimination index were calculated. The addition of 
baPWV and PWDC to a clinical model including var-
iables of age, diabetes and hypertension resulted in 
significant improvements in C statistic and integrated 
discrimination index for prediction of LVDD. The C 
statistic was improved from 0.76 to 0.81 (p = 0.010). 
The integrated discrimination index was 0.08 (p 
<0.001). 

 
 

Table 1. Comparison of clinical characteristics among study groups. 

 Lower baPWV Higher baPWV P value 
 Lower PWDC Higher PWDC Lower PWDC Higher PWDC  
Number 71 64 64 71  
Age (years)  51 ± 10 48 ± 13 65 ± 11*# 63 ± 12*# < 0.001 
Gender (M/F) 37/34 41/23 34/30 40/31 0.506 
Diabetes 8 (11.3%) 15 (23.4%) 20 (31.3%)* 27 (38%)* 0.002 
Hypertension 29 (40.8%) 29 (45.3%) 52(81.3%)*# 54(76.1%)*#+ < 0.001 
CAD 7 (10.4%) 9 (14.1%) 15 (24.6%) 14 (20.3%) 0.146 
BMI (kg/m2) 25.3 ± 4.2 26.0 ± 4.0 25.4 ± 3.8 25.1 ± 3.4 0.6 
Medications      

ACEIs 11 (15.5%) 13 (20.3%) 12 (18.8%) 13 (18.3%) 0.907 
ARBs 16 (22.5%) 12 (18.8%) 27 (42.2%)*# 30 (42.3%)*# 0.002 

β Blockers 28 (39.4%) 29 (45.3%) 29 (45.3%) 28 (39.4%) 0.813 
CCBs 11 (15.5%) 6 (9.4%) 22 (34.4%)*# 26 (36.6%)*# < 0.001 

Diuretics 14 (20.6%) 13 (20.3%) 10 (16.4%) 12 (17.1%) 0.898 
 Nitrate 16 (23.9%) 20 (31.3%) 27 (44.3%) 28 (40.0%) 0.068 
HR (/min)  67 ± 10 74 ± 14* 69 ± 12 75 ± 15* 0.001 
SBP (mmHg)  128 ± 16 126 ± 17 150 ± 20*# 148 ± 23*# < 0.001 
DBP (mmHg) 77 ± 10 77 ± 12 84 ± 12*# 84 ± 12*# < 0.001 
Hematocrit (%) 41.9 ± 5.3 42.5 ± 6.1 41.3 ± 4.9 39.5 ± 6.0*# 0.021 
Fasting glucose (mg/dL)  101 ± 25 113 ± 41 120 ± 48* 132 ± 53*# <0.001 
Total cholesterol (mg/dL)  204 ± 58 206 ± 65 196 ± 45 189 ± 35 0.517 
Triglyceride (mg/dL)  215 ± 399 194 ± 339 162 ± 86 178 ± 261 0.595 
ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor antagonists; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; CAD, 
coronary artery disease; CCBs, calcium channel blockers; DBP, diastolic blood pressure; F, female; HR, heart rate; M, male; PWDC, corrected P wave dispersion; PP, pulse 
pressure; SBP, systolic blood pressure.*P < 0.05 compared with lower PWDC and baPWV; #P < 0.05 compared with higher PWDC and lower baPWV; +P < 0.05 compared with lower 
PWDC and higher baPWV.  
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Table 2. Comparison of echocardiographic characteristics, baPWV and PWDC among study groups 

1 Lower baPWV Higher baPWV P value 
 Lower PWDC Higher PWDC Lower PWDC Higher PWDC  
Number 71 64 64 71  
LAV index (ml/m2)  32 ± 15 37 ± 18* 35 ± 12 45 ± 17*#+ < 0.001 
LVEDD (mm)  51 ± 7 56 ± 11* 51 ± 8# 56 ± 9*+ 0.001 
LVESD (mm)  33 ± 9 39 ± 15* 33 ± 11# 39 ± 12*+ 0.002 
EF (%) 62 ± 13 53 ± 20* 58 ± 16 52 ± 19* 0.014 
E (cm/s) 85 ± 19 85 ± 22 73 ± 21*# 82 ± 30+ 0.013 
A (cm/s)  72 ± 19 70 ± 24 86 ± 16*# 82 ± 22*# < 0.001 
E/A  1.27 ± 0.48 1.45 ± 0.92 0.90 ± 0.3*# 1.13 ± 0.69#+ < 0.001 
EDT (ms)  179 ± 36 169 ± 66 204 ± 52*# 192 ± 73# 0.001 
Ea (cm/s)  11.6 ± 3.5 9.8 ± 3.8* 7.4 ± 2.6*# 7.1 ± 2.9*# < 0.001 
E/Ea  8.0 ± 3.2 10.7 ± 6.5* 11.1 ± 5.0* 13.8 ± 8.3*#+ < 0.001 
Aa (cm/s)  9.3 ± 2.6 8.6 ± 3.3 10.2 ± 3.3# 9.1 ± 3.3+ 0.057 
PWDC (ms) 50 ± 11 85 ± 17* 49 ± 11# 89 ± 17*+ < 0.001 
baPWV (cm/s)  1403 ± 137 1387 ± 135 2034 ± 478*# 2001 ± 333*# < 0.001 
LVDD 22(31.0%) 31(48.4%)* 47(73.4%)*# 59(83.1%)*# <0.001 
Diastolic function      

Normal mitral inflow pattern 49(69.0%) 33(51.6%)* 17(26.6%)* 12(16.9%)*# < 0.001 
Impaired relaxation mitral inflow pattern 7(9.9%) 8(12.5%) 28(43.7%) *# 27(38.0%)*#  

Pseudonormal/restrictive mitral inflow pattern 15(21.1%) 23(35.9%)* 19(29.7%) 32(45.1%)*  
A, transmitral A wave velocity; Aa, late diastolic mitral velocity; baPWV, brachial-ankle pulse wave velocity; E, transmitral E wave velocity; Ea, early diastolic mitral annulus 
velocity; EDT, E-wave deceleration time; EF, ejection fraction; LAV, left atrial volume; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic 
dimension; PWDC, corrected P wave dispersion. *P < 0.05 compared with lower PWDC and baPWV; #P < 0.05 compared with higher PWDC and lower baPWV; +P < 0.05 compared with 
lower PWDC and higher baPWV.  

 
Table 3. Determinants of E/Ea in study patients. 

Parameters Univariate Multivariate 
Unstandardized coefficient β P Unstandardized coefficient β P 

Age (years)  0.118 (0.064, 0.172) <0.001 0.065 (-0.005, 0.136) 0.069 
Female gender -0.452 (-1.997, 1.093) 0.565   
Diabetes 1.903 (0.168, 3.638) 0.032 0.839 (-1.172, 2.850) 0.412 
Hypertension 1.422 (-0.139, 2.983) 0.074   
CAD 1.904 (-0.166, 3.974) 0.071   
BMI 0.012 (-0.187, 0.212) 0.903   
Hematocrit (%) -0.179 (-0.329, -0.028) 0.020 -0.079 (-0.231, 0.073) 0.309 
Total cholesterol (mg/dL)  -0.009 (-0.026, 0.008) 0.318   
Triglyceride (mg/dL)  0.001 (-0.002, 0.004) 0.544   
baPWV (cm/s)  0.004 (0.003, 0.006) <0.001 0.003 (0.001, 0.006)  0.019 
PWDC (ms) 0.049 (0.017, 0.081) 0.003 0.042 (0.007, 0.077)  0.019 
ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor antagonists; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; CAD, 
coronary artery disease; CCBs, calcium channel blockers; E, transmitral E wave velocity; Ea, early diastolic mitral annulus velocity; PP, pulse pressure; PWDC, corrected P 
wave dispersion. 

 
Table 4. Determinants of LVDD in study patients. 

Parameters Univariate Multivariate 
OR (95% CI) P OR (95% CI) P 

Age (years)  1.063(1.041-1.086) <0.001 1.036(1.010-1.063) 0.007 
Female gender 0.711(0.436-1.159) 0.172   
Diabetes 3.385(1.794-6.385) <0.001 2.422(1.200-4.886) 0.014 
Hypertension 2.890(1.741-4.797) <0.001 1.512(0.824-2.775) 0.182 
CAD 1.154(0.596-2.235) 0.670   
BMI 1.048(0.982-1.118) 0.156   
Hematocrit (%) 0.953(0.908-1.000) 0.050   
Total cholesterol (mg/dL)  0.998(0.993-1.003) 0.432   
Triglyceride (mg/dL)  1.001(0.999-1.003) 0.312   
baPWV (cm/s)  1.003(1.002-1.004) <0.001 1.002(1.001-1.003) <0.001 
PWDC (ms) 1.017(1.006-1.028) 0.002 1.023(1.009-1.036) 0.001 
ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor antagonists; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; CAD, 
coronary artery disease; CCBs, calcium channel blockers; CI, confidence interval; LVDD, left ventricular diastolic dysfunction; OR, odds ratio; PP, pulse pressure; PWDC, 
corrected P wave dispersion. 
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Subgroup analysis of the group with left ven-
tricular ejection fraction >50% (n = 197) showed that 
the baPWV, but not PWDC, was significantly associ-
ated with LVDD in the multivariate analysis (p = 
0.017). Subgroup analysis of patients without clinical 
heart failure (n = 235) showed that both the baPWV 
and PWDC were predictors of LVDD in the multi-
variate analysis (p ≤ 0.029).  

Discussion  
In the present study, we evaluated the associa-

tion of baPWV and PWDC with LVDD and found 
both of them were independently associated with 
E/Ea and LVDD. Patients with higher PWDC and 
baPWV had the highest E/Ea and higher prevalence 
of LVDD. Dividing patients into four groups using 
baPWV and PWDC might be useful in identifying the 
high risk group of elevated E/Ea and LVDD. In addi-
tion, the addition of baPWV and PWDC to a clinical 
model could significantly improve the adjusted R 
square in prediction of E/Ea and C statistic and inte-
grated discrimination index in prediction of LVDD. 
Hence, concurrent consideration of baPWV and 
PWDC may be helpful in improving the prediction of 
patients with high E/Ea and LVDD. 

When comparing the patients with lower 
baPWV, the baseline clinical risk factors were not 
different, but many echocardiographic parameters 
such as LAV index, left ventricular end-diastolic and 
end-systolic dimensions, left ventricular ejection frac-
tion, Ea, E/Ea and prevalence of LVDD were signifi-
cantly different between patients with lower and 
higher PWDC. Hence, in patients with lower baPWV, 
the increased PWDC might be a useful parameter 
indicating large left atrial and left ventricular cham-
bers and depressed left ventricular systolic and dias-
tolic function. 

When comparing the patients with higher 
baPWV, the baseline clinical risk factors were similar 
but many echocardiographic parameters such as LAV 
index, left ventricular end-diastolic and end-systolic 
dimensions were different between patients with 
lower and higher PWDC. Hence, in patients with 
higher baPWV, the increased PWDC was also a useful 
parameter suggesting large left atrial and left ventric-
ular chambers and high left ventricular filling pres-
sure. 

The P wave dispersion measured by 12-lead 
ECG was found to be associated with the occurrence 
of atrial fibrillation [21, 28, 32-34], left atrial enlarge-
ment and increased LAV index [16, 35]. Higher P 
wave dispersion was associated with LVDD in pre-
vious studies [18, 20, 35]. After the multivariate anal-
ysis, our study consistently demonstrated that in-
creased PWDC was significantly associated with in-

creased E/Ea and LVDD. 
The increased arterial stiffness was reported to 

be associated with increased LAV and LVDD [36-39]. 
The baPWV was also reported to be associated with 
mild LVDD in patients with hypertension [39]. Ab-
hayaratna et al. evaluated the association between the 
aortic pulse wave velocity and left ventricular dias-
tolic function in the elderly and found that the in-
creased LAV and advanced LVDD were associated 
with increased arterial stiffness [38]. Roes et al. also 
reported the increased aortic pulse wave velocity was 
associated with LVDD in patients with metabolic 
syndrome regardless of hypertension [40]. Chung et 
al. found that quantification of aortic stiffness could 
predict the degree of LVDD [36]. Our result consist-
ently found increased baPWV was correlated with 
high E/Ea and LVDD. 

Subgroup analysis of the group with left ven-
tricular ejection fraction >50% showed that the 
baPWV, but not PWDC, was significantly associated 
with LVDD in the multivariate analysis, which was 
compatible with previous studies [7, 8]. Hence, in 
patients with preserved left ventricular ejection frac-
tion, in addition to clinical variables, additional con-
sideration of baPWV might be useful in identifying 
patients with LVDD. However, in daily clinical prac-
tice, it was difficult to know the left ventricular ejec-
tion fraction without echocardiographic examination. 
Therefore, concurrent consideration of baPWV and 
PWDC might be helpful in improving the prediction 
value for LVDD in patients with unknown left ven-
tricular systolic function. 

There were several possible reasons for explain-
ing the combination of increased baPWV and PWDC 
was associated with LVDD. Increased arterial stiffness 
could decrease diastolic blood pressure, impair the 
coronary blood supply, induce cardiac hypertrophy 
and increase cardiac stiffening [41, 42] and then cause 
LVDD. The increased PWDC represented the hetero-
geneous and different atrial conduction which might 
be secondary to the increased left atrium diameter, 
volume and strain caused by LVDD [19-21]. In the 
present study, although baPWV and PWDC had a 
significant correlation with E/Ea and LVDD, there 
was no correlation between them, which suggested 
these two parameters might be complementary in 
predicting increased E/Ea and LVDD. In fact, our 
patients with the coexistence of increased baPWV and 
PWDC had the highest E/Ea and higher prevalence of 
LVDD. Furthermore, the addition of baPWV and 
PWDC to a clinical model could significantly improve 
the adjusted R square in prediction of E/Ea and C 
statistic and integrated discrimination index in pre-
diction of LVDD. Hence, concurrent consideration of 
baPWV and PWDC might be useful in identifying the 
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high risk group of elevated E/Ea and LVDD. 
The majority of our patients were treated chron-

ically with antihypertensive drugs. We did not with-
draw these medications for ethical reasons. Therefore, 
we could not exclude the influence of antihyperten-
sive agents on the present findings. The classification 
of LVDD was based on non-invasive echocardio-
graphic parameters but not on invasive data. Hence, 
the result might be different if invasive data were 
used. In addition, this study only included patients 
referred for echocardiographic examination, so the 
prevalence of pseudonormal/restrictive mitral inflow 
pattern was relatively high. Therefore, the present 
findings were not necessarily applicable to the other 
population.  

In conclusion, our study showed the increased 
baPWV and PWDC were significantly correlated with 
high E/Ea and LVDD. Patients with higher baPWV 
and PWDC had the highest level of E/Ea and rela-
tively higher prevalence of LVDD. The addition of 
baPWV and PWDC to a clinical model could signifi-
cantly improve the adjusted R square in prediction of 
E/Ea and C statistic and integrated discrimination 
index in prediction of LVDD. Therefore, screening 
patients by means of baPWV and PWDC may be 
helpful in identifying the high risk patients of ele-
vated E/Ea and LVDD. 
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