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Abstract: Objectives: To investigate the relationship between brachial-ankle pulse wave velocity (baPWV) and early 
mild diastolic heart failure (DHF) in elderly patients with hypertension. Material and Methods: 32 healthy individu-
als (control group), 44 hypertensive patients without diastolic heart failure (HT group), and 40 hypertensive with 
diastolic heart failure (HT-DHF group) were retrospectively compared. Risk factors for DHF and baPWV’s predictive 
value were assessed. Results: There were no statistical differences in age, smoking history, left ventricular ejection 
fraction (LVEF), left ventricular end diastolic diameter (LVDd), left ventricular end systolic diameter (LVSd) in the 
three groups. Significantly more females, subjects with hyperlipidemia, diabetes patients were found in the HT-DHF 
group compared with HT individuals. In the HT-DHF group, baPWV was correlated with pulse pressure, brain natri-
uretic peptide, LVMI, E/A ratio, DT, E/E’ velocity ratio, with baPWV showing the largest odd ratio (OR) of 2.709. The 
area under ROC curve was 85.6% for a baPWV value ≥ 1504 cm/s. Finally, the sensitivity and specificity of diagnos-
ing early mild DHF were 75 and 73%, respectively. Conclusions: Arterial stiffness is an independent risk factor for 
early mild DHF in elderly patients with hypertension. The baPWV may be a prospective means to diagnose early mild 
DHF in elderly hypertensive Chinese individuals.
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Introduction

China is a country with a large population and 
high incidence of hypertension. While hyperten-
sion shows obvious vascular wall function and 
structural changes at early stage, vascular scle-
rosis can decrease the distensibility and com-
pliance of blood vessels, which plays an impor-
tant role in the underlying diseases and consti-
tutes risk factors for cardiovascular diseases. 
Importantly, arteriosclerosis is associated with 
ventricular hardening, which in turn is related  
to the pathogenesis of diastolic heart failure 
(DHF) [1-3]. Epidemiology studies have report-
ed that between a third and one-half of all 
patients with heart failure have DHF, showing 
similar morbidity and mortality to systolic heart 
failure [4]. Although heart ultrasonic testing is 
commonly used for evaluating the heart func-
tion, it produces multiple parameters, which 

are sometimes inaccurate: the measured val-
ues are greatly influenced by the operator’s 
technique and measurement method, render-
ing it not suitable for large-scale epidemiologi-
cal surveys [5, 6]. The brachial-ankle pulse 
wave velocity (baPWV) is an index to measure 
arterial stiffness [7]; this method is simple, eco-
nomic, effective, noninvasive, reproducible and 
does not require special technical training. It 
has been shown that baPWV associated with 
NYHA grading, can be used as an index to eval-
uate the heart function, [6] predict the occur-
rence of cardiovascular and cerebrovascular 
diseases, and determine risk assessment and 
prognosis [8, 9]. Age is known as an important 
factor in ventricular-vascular stiffening [3]. It 
has been proposed that baPWV is associated 
with early mild DHF in general, middle and aged 
population [10]. However, there are no repor- 
ts on elderly patients with hypertension. This 
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study aimed to explore the efficiency of baPWV 
in diagnosing mild DHF at early stage in elderly 
patients with hypertension, in order to provide 
a new, suitable, and handy tool in DHF diag-
nosis, including in large-scale epidemiological 
surveys.

Material and methods

Subjects

Forty outpatients or inpatients enrolled in th- 
is retrospective case-control study were diag-
nosed with hypertension [11] and diastolic 
heart failure [12] in Yangzhou University College 
of Clinical Medicine from May 2010 to May 
2011. They constituted the HT-DHF group. The 
inclusion criteria were: 1) 60 years of age or 
older, 2) hypertension and antihypertensive 
drug therapy, 3) no obvious or mild symptoms 
or signs of congestive heart failure, 4) normal 
left ventricular systolic function (ejection frac-
tion) ≥ 50%, 5) E/A < 0.8, DT > 200 ms, E/E’ ≤ 
00 [12], and 6) sinus arrhythmia. Patients were 
excluded, with secondary hypertension, valvu-
lar heart disease, cardiomyopathy, pericardial 
disease, nephropathy (serum creatinine > 3 
mg/DL, or relying on long-term dialysis), chronic 
obstructive pulmonary disease or pulmonary 
hypertension. In parallel, 32 age-matched he- 
althy individuals were selected as controls, and 
44 cases diagnosed with hypertension in the 
clinic were treated as HT group. For the latter 
group, inclusion criteria were: 1) no complex 
antihypertensive therapy, 2) other exclusion cri-
teria as the HT-DHF group. Informed consent 
was obtained from all subjects, and the study 
was approved by the ethics committee of our 
hospital.

Brachial-ankle pulse wave velocity

Arteriosclerosis was measured with automatic 
arteriosclerosis tester VP-1000 type230 (OM- 
RON COLIN Corp., Ltd, Tokyo, Japan). The pa-  
tient was placed in supine position and rested 
for 5 minutes. Then, high precision double cuff 
was used to detect limb blood pressure simul-
taneously; waveforms of radial artery and ante-
rior tibial artery were recorded with automatic 
waveform analyzer. Pressure waveforms at two 
different sites were simultaneously detected to 
determine the time intervals between the radial 
artery and anterior tibial artery waveforms at 
the rising segment (ΔTa). Body surface mea-

surement was used to determine the length 
from suprasternal notch to elbow (ΔDa), with 
the following formula: Da = 0.2195 × H (height 
in cm)-2.0734; the length from suprasternal 
notch to ankle (ΔDb) was calculated as follo- 
ws: ΔDb = (0.5643 × H-18.381) + (0.2486 × 
H+30.709). Pulse wave velocity of lower extrem-
ity was calculated with the following formula: 
(ΔDb-ΔDa)/ΔTa. The baPWV values were mea-
sured twice for each patient and by two 
observers.

Brain natriuretic peptide

For the determination of plasma brain natri-
uretic peptide (BNP) concentration, 2 ml elbow 
venous blood samples were collected in ethyl-
ene diaminetetraacetic acid (EDTA) from each 
subject after 12 h overnight fasting, in a quiet 
state. Then, plasma brain natriuretic peptide 
was measured by the TRIAGE instrument (Bio- 
site Corp., Ltd, San Diego, America) by chemilu-
minescence immediately or within 4 hours.

Cardiac ultrasound

Ultrasonic cardiograms were obtained on VI- 
VID7 (GE Vivid 7; General Motors Corporation, 
New York, USA) upon hospital admission or the 
next day thereafter. Then, conventional and 
standard measurements [13] were taken in the 
parasternal long axis view, such as two-dimen-
sional parameter, M type ultrasound parame-
ter, left atrial diameter (LAd), interventricular 
septal thickness (IVST), left ventricular posteri-
or wall thickness (LVPWT), left ventricular end 
diastolic diameter (LVDd), left ventricular end 
systolic diameter (LVSd), and left ventricular 
ejection fraction (LVEF). The left ventricular 
weight was calculated according to the recom-
mendations of the American Society of Echo- 
cardiography: LVM (g) = 1.04 × [(LVDd + IVST+ 
PVWT)3-LVDd3]-13.6 (g) [14]; body surface area 
(BSA) (m2) = 0.0061 × height (cm) + 0.0128 × 
weight (kg)-0.1529; left ventricular mass index 
(LVMI) (g/m2) = LVM/BSA [15]. From the four- 
and five chamber view of cardiac apex, pulse 
Doppler and tissue Doppler imaging were used 
to detect peak early diastolic flow velocity (E); 
peak flow velocity of atrial contraction (A), early 
mitral deceleration time (DT), early diastolic 
annular velocity (E’). Then, E/A and E/E’ values 
were calculated, with E/E’ ratio, averaging sep-
tal and lateral E’ velocities. All parameters were 
obtained from the mean of 3 consecutive car-
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diac periodic measurements; meanwhile, the 
two sonographers had at least 2 years of previ-
ous clinical experience and were blinded to 
subjects’ information.

According to the revised diagnostic criteria of 
the American Society of Echocardiography in 
2009 [12], DHF can be graded normal, DHF I 
(mild impaired relaxation) E/A < 0.8, DT > 200 
ms, E/E’ ≤ 8; DHF II (moderate pseudo-normal-
ization) E/A ≤ 0.8-1.5, DT > 160-200 ms, E/E’ = 
9-12; DHF III (severe restriction change) E/A ≥ 
2, DT < 160 ms, E/E’ ≥ 13.

Statistical analysis

Continuous variables were expressed as means 
± SD. Categorical variables were expressed as 
proportions. Statistical analysis was performed 
with the SPSS software package (SPSS 17.0, 
Chicago, USA). Differences between two groups 
were evaluated by independent sample t test. 

The variance difference among groups was 
tested with one-way analysis of variance (AN- 
OVA), followed by post-hoc test for comparison 
of multiple samples. Count data were assessed 
by chi square test. Single factor correlation 
analysis was obtained by Pearson’s method. 
The influence factor of DHF used the multiple 
logistic-regression analysis. The receiver oper-
ating curve was used to evaluate the value  
of baPWV predictive of DHF. Statistical signifi-
cance was established at P < 0.05.

Results

The clinical characteristics of subjects in the 
three groups are shown in Table 1. There were 
no statistical differences in age, smoking his-
tory, LVEF, LVDd, LVSd in the three groups (all P 
> 0.05). Significantly more females, subjects 
with hyperlipidemia, and diabetes patients we- 
re found in the HT-DHF group in comparison 
with the HT group; other parameters that were 

Table 1. The clinical characteristics of subjects in three groups 

Characteristic Control group
(n = 32)

HT group
(n = 44)

HT-DHF group
(n = 40) P value

Age (years) 64.44±2.73 65.18±3.33 65.70±3.05 0.169
Gender (%) Male 15 (46.9%) 20 (45.5%) 13 (32.5%) 0.039

Female 17 (53.1%) 24 (54.5%) 27 (67.5%)●,▲

Smoking (%) Yes 21 (65.6%) 28 (63.6%) 27 (67.5%) 0.248
No 11 (34.4%) 16 (36.4%) 13 (32.5%)

Dyslipidemia (%) Yes 17 (38.6%) 28 (70.0%) 0.009
No 27 (61.4%) 12 (30.0%)▲

Diabetes (%) Yes 23 (52.3%) 30 (75.0%) 0.012
No 21 (47.7%) 10 (25.0%)▲

BMI (kg/m2) 21.25±1.98 27.14±3.41● 29.95±3.76●,▲ 0.002
PP (mmHg) 34.38±4.62 41.27±4.62● 66.35±6.60●,▲ 0.000
baPWV (cm/s) 1092.13±213.24 1422.0±206.28● 1699.65±229.23●,▲ 0.000
LVEF (%) 61.31±6.14 61.59±6.42 62.83±4.05 0.059
Lad (mm) 32.56±1.97 32.91±2.16 37.95±2.61●,▲ 0.000
LVDd (mm) 45.69±4.03 47.32±3.48 48.10±4.13 0.084
LVSd (mm) 30.63±2.53 31.09±1.80 31.05±1.62 0.134
LVMI (g/m2) 74.13±7.97 95.45±6.53● 115.31±7.63●,▲ 0.000
BNP (pg/ml) 68.75±17.86 85.82±16.29● 171.25±27.58●,▲ 0.000
E/Aratio 1.39±0.26 1.02±0.20● 0.63±0.16●,▲ 0.000
DT (ms) 210.00±6.78 229.00±6.12 245.00±7.11▲ 0.000
E/E’ velocityratio 5.10±0.80 6.20±0.90 7.05±0.66▲ 0.000
Note: compared with the control group, ●P<0.05; compared with the HT group, ▲P < 0.05; BMI, body mass index; PP, pulse 
pressure; baPWV, brachial-ankle pulse wave velocity; LVEF, left ventricular ejection fraction; LAD, left atrium diameter; LVDd, 
left ventricular end diastolic diameter; LVSd, left ventricular end systolic diameter; LVMI, left ventricular mass index; BNP, 
brain natriuretic peptide; E, peak early diastolic flow velocity; A, peak flow velocity of atrial contraction; E/A, E/A ratio; E’, early 
diastolic annular velocity; E/E’ ratio, averaging septal and lateral E’ velocities; DT, early mitral deceleration time.
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also elevated include BMI (29.95±3.76 kg/m2), 
PP (66.35±6.60 mmHg), baPWV (1699.65± 
229.23 cm/s), Lad (37.95±2.61 mm), LVMI 
(115.31±7.63 g/m2), BNP (171.25±27.58 pg/
ml), E/A ratio (0.63±0.16), DT (245.00±7.11 
ms), and E/E’ velocity ratio (7.05±0.66), with 
statistically significant differences (all P < 

0.05). These parameters were entered into the 
logistic regression model for the assessment of 
their correlation with early mild DHF.

In the HT-DHF group, baPWV was correlated 
with PP, BNP, LVMI, E/A ratio, DT, and E/E’ 
velocity ratio as shown in Figure 1, with 

Figure 1. Correlation between brachial-ankle pulse wave velocity and PP, BNP, LVMI, E/A ratio, DT, and E/E’ ratio in 
the HT-DHF group.
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Pearson’s correlations of r = 0.669 (P = 0.001), 
0.586 (P = 0.003), 0.763 (P = 0.001), 0.617 (P 
= 0.025), 0.403 (P = 0.002), and 0.435 (P = 
0.012) respectively). However, baPWV showed 
no statistical correlation with gender, EF, LVDd 
and LVSd.

More importantly, in Table 2 multiple logistic-
regression analysis determined regression 
coefficients of 0.133, 1.009, 0.234, 0.109, 
and 0.932 for PP, baPWV, LVMI, E/A, and E/E’, 
respectively, with OR values of 1.142, 2.709, 
1.264, 1.115 and 2.540, respectively. The cor-
responding P values were less than 0.05, and 
therefore the differences were statistically sig-
nificant, indicating that PP, baPWV, LVMI, E/A, 

diagnosing DHF was 75%, with a specificity of 
73%; with baPWV values greater than or equal 
to 1590.5 cm/s, sensitivity and specificity for 
diagnosing DHF were 65 and 95%, respectively 
(Table 3).

Discussion

This study investigated the relationship be- 
tween baPWV and early mild DHF in elderly 
hypertensive patients, and found a good corre-
lation between the arterial stiffness and early 
mild DHF, pointing out that brachial-ankle pulse 
wave velocity, a convenient tool, can predict the 
occurrence of mild DHF in elderly hypertensive 
patients.

About more than half of patients with hyperten-
sive heart disease show left ventricular DHF, 
indicating that hypertension is one of the most 
common causes of DHF. The possible mecha-
nism of DHF is as follows [16-18]: posttransla-
tional changes in the sarcomeric protein titin, 
affecting titin isoform expression and phos-
phorylation, contribute to elevated cardiomyo-
cyte stiffness. Increased nitrosative or oxida-
tive stress, impaired nitric oxide bioavailability, 
and down-regulation of myocardial cyclic gua-
nosine monophosphate and protein kinase G 
signaling could trigger posttranslational modifi-
cations of titin, and elevated intrinsic cardio-
myocyte stiffness lead to high diastolic LV stiff-
ness and DHF. As mentioned above, baPWV is 
an index to diagnose arteriosclerosis at early 
time; properties and thickness of arterial wall, 
and arterial lumen diameter are the main influ-
encing factors of atherosclerosis, and mito-

Table 2. Multiple logistic-regression analysis of relevant factors 
used for differentiating DHF

Predictors B S.E. Wald df Sig. Exp 
(B)

95% C.I. for 
EXP (B)

Lower Upper
PP 0.133 0.037 12.760 1 0.000 1.142 1.062 1.229
baPWV 1.009 0.003 9.965 1 0.002 2.709 1.003 4.015
LVMI 0.234 0.087 18.560 1 0.001 1.264 1.023 1.467
E/A 0.109 0.024 21.197 1 0.005 1.115 1.065 1.168
E/E’ 0.932 0.432 4.644 1 0.031 2.540 1.088 5.927
Constant -30.503 6.253 23.797 1 0.000 0.000
Note: The regression coefficient of E/A, E/E’, PP, baPWV were 0.109, 0.932, 
0.133, 1.009, respectively; OR ratio were 1.115, 2.540, 1.142, 2.709, respec-
tively, P < 0.05. Adjust factors included age, gender, smoking, dyslipidemia, 
diabetes and BMI.

Figure 2. The ROC on predictive value of baPWV for 
DHF.

and E/E’ might have a significant 
effect on the incidence of DHF. 
The higher these value, the more 
prone to DHF. Interestingly, the 
OR obtained for baPWV was 
highest: the effect of baPWV on 
DHF was most pronounced.

The ROC was used to determine 
the value of baPWV predictive of 
DHF. As shown in Figure 2, the 
area under the ROC curve was 
85.6%, when baPWV ≥ 1410 
cm/s, and sensitivity and speci-
ficity for diagnosing DHF were 95 
and 36%, respectively. At baPWV 
≥ 1504 cm/s, the sensitivity for 
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chondrial oxidative stress, aortic smooth mus-
cle cell apoptosis over a lifetime causes aortic 
stiffening [19].

Many studies have confirmed that arterioscle-
rosis is related to left ventricular hypertrophy 
and left arterial remodeling, and significantly 
associated with ventricular septal thickness, 
and DHF can be used to evaluate left ventricu-
lar diastolic dysfunction [1, 20, 21]. The criteria 
for diagnosis of DHF vary a lot. Canada, Europe 
and America continuously introduce different 
guidelines. Some researchers have pointed out 
that diagnostic differences for left ventricular 
DHF based on these standards could reach 10 
to 59% [22]. There are many indexes such as 
invasive hemodynamic determination, Doppler 
mitral flow and pulmonary venous flow exami-
nation, biological indicators (brain natriuretic 
peptide), with even some demanding inspira-
tion and held breath to eliminate false normal 
[22] and improve accuracy. Apparently, E/A is 
not sensitive to estimate left ventricular filling 
pressure, because it is taking early diastolic 
mitral annulus velocity of E wave to reflect left 
atrioventricular pressure difference, which is 
easily influenced by preload and left ventricular 
relaxation change; and change of DT in early 
ventricular diastolic stage is later than that of 
E/A [23]; Currently, the most popular method is 
tissue Doppler imaging to detect E/E’, which 
can represent left ventricular filling pressure, 
but E’ value is reduced at the start time of ven-
tricular diastolic dysfunction, with little change 
in the other stage [24], indicating possible 
errors; the biochemical indicator BNP has low 
sensitivity and is influenced by various interfer-
ence factors; the invasive hemodynamic index 

is the most accurate parameter, but is time-
consuming, laborious and expensive. It has 
been suggested that the measures of pulsatile 
arterial hemodynamics may complement tis-
sue Doppler echocardiography (TDE) for the 
diagnosis of DHF in patients with exertional 
dyspnea [25], but the method still needs to be 
validated. In this study, we chose commonly 
used ultrasound index as control, in order to 
determine the efficacy of baPWV in diagnosing 
left ventricular diastolic dysfunction.

The study enrolled age-matched control indi-
viduals, with no difference in age and smoking 
history; however, it was further confirmed that 
sex, hyperlipidemia, diabetes mellitus, obesity 
and hypertension are factors that lead to arte-
riosclerosis, and can induce ventricular diastol-
ic dysfunction [21, 26, 27]. In this study, baPWV 
increased significantly, and was related with 
pulse pressure, left ventricular mass index, and 
brain natriuretic peptide; pulse pressure is the 
traditional index used to evaluate arteriosclero-
sis. Studies have shown that baPWV is associ-
ated with aortic PWV (APWV), which is a better 
index to predict DHF than pulse pressure index 
[28]. Herein, multiple logistic-regression analy-
sis also confirmed pulse pressure as an inde-
pendent risk factor for DHF. Interestingly, OR 
value of 2.709 was obtained for baPWV, while 
the OR value for PP was 1.142. These findings 
indicated that baPWV has a more pronounced 
effect on DHF than PP. LVMI can reflect myocar-
dial hypertrophy and DHF [29]. Considering the 
mechanisms of hypertension, anemia, and car-
dio renal syndrome, it is a better index to evalu-
ate DHF compared with BNP in patients with 
renal insufficiency [30]. The PWV value has 
more tangent points (critical value). Akira, et al. 
[31] recommended 1400 cm/s as the critical 
value to assess the degree of arteriosclerosis. 
In 2007, the European hypertension guideline 
listed APWV > 1200 cm/s as one of the risk fac-
tors for hypertension. Minoru, et al. [32] recom-
mended baPWV > 1600 cm/s as a useful tool 
for identification of mild DHF, with sensitivity 
specificity of 78 and 58%, respectively. Our 
studies not only demonstrated that baPWV is 
related to the E/A, E/E’, but also confirmed 
baPWV as an independent risk factor for DHF. 
BaPWV was 1699.65±229.23 cm/s in the DHF 
group, showing a significant difference com-
pared with control and hypertension groups; 

Table 3. The ROC on predictive value of baPWV 
for DHF

baPWV ≥ 
1410 cm/s

baPWV ≥ 
1504 cm/s

baPWV ≥ 
1590.5 cm/s

Specificity 36% 73% 95%
Sensitivity 95% 75% 65%
PPV 37% 74% 93%
NPV 88% 74% 73%
AUC 85.6%
Youden index 31% 48% 60%
Notes: PPV: positive predictive value; NPV: negative predic-
tive value; AUC: srea under curve; baPWV: brachial-ankle 
pulse wave velocity; DHF: diastolic heart failure.
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the area under the ROC curve was 85.6%; the 
critical point of baPWV was ≥ 1500 cm/s, and 
sensitivity and specificity were was 75 and 
73%. As the critical point increased to 1600 
cm/s, its specificity increased, but sensitivity 
decreased. Therefore, we recommend baPWV 
≥ 1500 cm/s as the critical point in the diag- 
nosis of hypertension with mild left ventricular 
DHF at early time in elderly Chinese population, 
which is lower than the critical point in the stud-
ies by Minoru [32], Sheng Kang [10]. However, 
considering sensitivity and specificity, this criti-
cal point is more rational.

It should be pointed out that this study has 
some limitations for its small sample size and 
age restriction. Only elderly patients with hyper-
tension were studied, and large-scale multi-
center clinical studies are further needed. 
Large ongoing or future trials are expected to 
provide more clarified data. 

Overall, baPWV is a comprehensive index to 
reflect the traditional risk factors, and consti-
tute an effective tool for early detection of left 
ventricular diastolic dysfunction in hyperten-
sive patients. It has been suggested that in the 
treatment of hypertension, not only the pres-
sure response is of interest, but also the effect 
on arterial parameters e.g. stiffness and resis-
tance; load-independent ventricular stiffening 
is also essential [33, 34]. So this noninvasive 
technique provides a basis for monitoring the 
efficacy of anti-hypertensive drugs.
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