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1. INTRODUCTION

Cardiovascular disease and cerebral vascular disease are the leading 
causes of mortality and morbidity worldwide [1–3]. Arterial stiff-
ness has been recognized to be involved in the process of athero-
sclerosis [4,5]. Arterial stiffness is characterized by the loss of vessel 
elasticity and arterial compliance. The structural changes of the arte-
rial wall are associated with aging, which are labeled by a decrease 
in the elastin content and collagen content of the arterial media [6].

Brachial-Ankle Pulse Wave Velocity (baPWV) and Ankle-Brachial 
Index (ABI) are widely used in clinic for evaluating arterial stiff-
ness and atherosclerosis separately [7,8]. But there is no guide for 
choice of method for evaluating cardiovascular risk in elderly pop-
ulation with different diseases, such as hypertension or Diabetes  
Mellitus (DM).

Carotid Intima-Media Thickness (cIMT) is a marker of subclinical 
organ damage, which has been proved to predict Cardiovascular 
Disease (CVD) events in the general population, including with 
DM patients [9,10].

Our study aimed to compare the sensitivity of baPWV and ABI 
for aging related cardiovascular risk assessment in elderly Chinese. 
The relation of baPWV and ABI to cIMT were analyzed in total 
subjects, hypertensive group and DM group. Moreover, potential 
factors for predicting CVD were also investigated in this study.

2. MATERIALS AND METHODS

2.1. Subjects and Clinical Parameters

Two hundred and two elderly individuals referred to Geriatrics 
department in Shanghai Sixth People’s Hospital were evaluated. 
The inclusion criteria were: (1) aged above 65 years; (2) non-
smoker; (3) no alcoholic addiction. The exclusion criteria were: (1) 
tumor; (2) hepatic disease; (3) end-stage kidney disease (chronic 
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A B S T R AC T
Background: Brachial-Ankle Pulse Wave Velocity (baPWV) and Ankle-Brachial Index (ABI) are widely used in clinic for 
evaluating arterial stiffness and atherosclerosis separately. This study aimed to compare the sensitivity of baPWV and ABI for 
cardiovascular risk assessment in elderly Chinese.
Methods: BaPWV, ABI and Carotid Intima-Media Thickness (cIMT) were assessed in 169 elderly Chinese with the mean age 
of 85.7 years.
Results: Compared with normotensive participants, baPWV levels elevated in both limbs of hypertensive patients (2219  ±  
90 cm/s vs. 1970 ± 66 cm/s, p = 0.090; 2141 ± 52 cm/s vs. 1932 ± 67 cm/s, p = 0.023, separately). Compared with non-diabetes 
Mellitus (DM) participants, ABI levels declined in both limbs of DM patients (0.96 ± 0.02 vs. 1.05 ± 0.02, p = 0.002 and  
0.99 ± 0.03 vs. 1.03 ± 0.02, p = 0.071, separately). ABI of left limbs and ABI of right limbs were negatively correlated to cIMT 
(R = −0.136, p = 0.090; R = −0.196, p = 0.026, separately) after adjusted by age, systolic pressure, diastolic pressure, body mass 
index, triglycerides, total cholesterol and low-density lipoprotein. The regression model for predicting Cardiovascular Disease 
(CVD) included the factors of gender, age, hypertension, baPWV of left limbs and baPWV of right limbs (OR = 6.701, 95% CI 
0.911–49.310, p = 0.062; OR = 1.181, 95% CI 1.051–1.327, p = 0.005; OR = 0.214, 95% CI 0.066–0.688, p = 0.010; OR = 1.002, 
95% CI 1.000–1.003, p = 0.065; OR = 0.998, 95% CI 0.996–0.999, p = 0.006, separately).
Conclusion: In elderly Chinese, baPWV was elevated in hypertensive patients while ABI was lower in DM patients compared 
with healthy people. Compared with baPWV, ABI is better equivalent to cIMT. But for predicting the risk of CVD, baPWV is a 
better biomarker.
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kidney disease ≥ stage 4); (4) serious cardiovascular disease (acute 
myocardial infarction or New York Heart Association classifica-
tion IV); (5) stroke within 3 months; (6) acute infection. A stan-
dard questionnaire was used to collect information, including age, 
gender, history of hypertension, history of DM, renal disease and 
use of antihypertensive or antidiabetic drugs or insulin. Resting 
blood pressure was measured using an automated oscillometric 
device (Terumo Elemano ES H5501, TERUMO Corporation, 
Hangzhou, China). Hypertension was defined by a blood pressure 
of 140/90 mmHg or more, or a history of taking antihypertensive 
medications. DM was defined as Fasting Plasma Glucose (FPG) 
equal or more than 7.0 mmol/L, postprandial plasma glucose equal 
or more than 11.1 mmol/L, or the use of hypoglycemic agents. 
Body weight and body height were measured by professionals, and 
Body Mass Index (BMI) was computed.

2.2. Biological Parameters

Blood samples were obtained when the participants were in a fast-
ing state in the morning. Biological variants were tested in the clin-
ical laboratory of Shanghai Sixth People’s Hospital. Serum levels 
of FPG, Triglycerides (TG), Total Cholesterol (TC), Low-Density 
Lipoprotein cholesterol (LDL), High-Density Lipoprotein choles-
terol (HDL) and creatinine were measured using an autoanalyzer 
(COBAS Integra 800, Roche Diagnostics, Basel, Switzerland). 
Hematocrit (HCT) determination was measured in blood samples 
using an automated blood analyzer (XE-5000, Sysmex, Kobe, Japan).

2.3. Echocardiographic Examination

Echocardiography was performed at Medical Ultrasound depart-
ment of Shanghai Jiaotong University affiliated Shanghai Sixth 
People’s Hospital. Echocardiographic assessment was performed 
with an ACUSON Sequoia™ 512 ultrasound system (Siemens 
Medical Solutions, Erlangen, Germany) equipped with an ultra-
broad band frequency transducer (3–8 MHz). The Ejection 
Fraction (EF) was assessed using Simpson’s biplane method.

2.4. Brachial-Ankle Pulse Wave Velocity

In this study, an Oscillometry-based device (BP-203RPE III; Colin 
Omron, Co, Ltd, Tokyo, Japan) was used to measure the baPWV. 
After rested for at least 10 min, each subject was laid in the supine 
position with PWV cuffs wrapped around both ankles and upper 
arms. Bilateral PWV were recorded for analysis after the examina-
tion of both sides. All measurements were performed by trained 
clinician with the manufacturer’s guide.

2.5. Ankle-Brachial Index

Ankle-brachial index was defined as the ratio of ankle and bra-
chial Systolic Blood Pressure (SBP). Both ankle and brachial 
SBP were automatically and simultaneously measured by the 
validated device (VP-1000, Omron, Japan) on each side, the 
values of ABI could be read directly from the device. Bilateral 

ABI were used for further analyses. Measurements were  
performed by the same staff member, who was trained with the 
manufacturer’s guide.

2.6. Carotid Artery Ultrasonography

Carotid artery imaging was obtained by an experienced clini-
cian using an ultrasound system (Acuson Sequoia 512, Siemens, 
Germany). The probe frequency was 7.0 MHz and the axis resolu-
tion was 0.1 mm. cIMT of Internal Carotid Artery (ICA), as the gap 
between the media–adventitia interface and lumen–intima inter-
face, was measured 1.0 cm distal to both common carotid artery 
bifurcations. The measurement of IMT was carried out within a 
ICA region free of plaque.

2.7. Statistical Analysis

The unpaired Student’s t-test, analysis of variance and analy-
sis of covariance were used for analysis of continuous variables. 
Quantitative data were presented as the mean ± standard error 
(S.E.), while categorical data are presented as numbers. Associations 
between variables were conducted using partial correlation anal-
ysis, multivariate linear stepwise regression analyses and logistic 
regression analysis. Two sided p-values <0.05 were considered sig-
nificant and p-values < 0.1 were considered slightly significant. The 
software SPSS 19.0 for Windows (SPSS Inc., IBM, USA) was used 
for statistical analysis.

3. RESULTS

3.1. Clinical and Laboratory Characteristics

Of the original 202 participants, 12 dropped out of the study and 
21 were excluded because of various diseases, leaving 169 partici-
pants who were included in this cross-sectional study. Of the 169 
participants, 119 were diagnosed with hypertension (70.4%) and 
62 were diagnosed with DM (36.7%). There were 150 male par-
ticipants (88.2%). The mean age was 85.7 ± 0.4 years, the mean 
Systolic Blood Pressure (SBP) was 124 mmHg, the mean Diastolic 
Blood Pressure (DBP) was 70 mmHg and the mean BMI was  
23.8 ± 0.3 kg/m2. Laboratory parameters, PWV, ABI, and ultra-
sound parameters are reported in Table 1.

3.2.  Comparison of Clinical Characteristics  
and baPWV between Hypertension 
Group and Normotension Group

As shown in Table 2, we observed higher TG concentrations and 
lower TC concentrations in hypertension group than in normo-
tension group. The levels of age, SBP, DBP, BMI, FPG, LDL, HDL, 
HCT, creatinine, EF and IMT were not significantly different 
between hypertension group and normotension group. Compared 
with normotensive participants, baPWV levels of hypertensive 
patients were slightly higher in left limbs (2219 ± 90 cm/s vs.  
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Table 1 | Clinical characteristics of total subjects

Clinical characteristics Mean value SE

FPG (mmol/L) 5.64 0.13
TG (mmol/L) 1.89 0.12
TC (mmol/L) 3.36 0.12
LDL (mmol/L) 2.16 0.06
HDL (mmol/L) 1.09 0.03
HCT (%) 38.4 0.5
Creatinine (mmol/L) 89.1 3.0
L-PWV (cm/s) 2145 67
R-PWV (cm/s) 2079 42
L-ABI 1.01 0.01
R-ABI 1.02 0.01
EF (%) 63 0.69
IMT (mm) 0.87 0.01

FPG, fasting plasma glucose; TG, triglycerides, TC, total cholesterol; LDL, low-density  
lipoprotein; HDL, high-density lipoprotein; HCT, red blood cell specific volume; 
baPWV, brachial-ankle pulse wave velocity; L-PWV, baPWV in left limbs; R-PWV, 
baPWV in right limbs; ABI, ankle brachial index; L-ABI, ABI in left limbs; R-ABI, ABI 
in right limbs; EF, ejection fraction; cIMT, carotid intima media thickness.

Table 2 | Clinical characteristics between hypertensive patients and 
normotensive participants

Clinical parameters Hypertension Normotension p-value

n 119 50 –
Age (years) 86.1 ± 0.4 84.8 ± 0.9 0.156
SBP (mmHg) 124 ± 1 125 ± 1 0.367
DBP (mmHg) 70 ± 1 70 ± 1 0.873
BMI 23.7 ± 0.3 24.0 ± 0.5 0.670
FPG (mmol/L) 5.76 ± 0.18 5.40 ± 0.05 0.215
TG (mmol/L) 2.09 ± 0.16* 1.48 ± 0.17* 0.018
TC (mmol/L) 3.09 ± 0.16* 3.92 ± 0.18* 0.002
LDL (mmol/L) 2.11 ± 0.08 2.30 ± 0.11 0.194
HDL (mmol/L) 1.07 ± 0.05 1.10 ± 0.06 0.760
HCT (%) 38.0 ± 0.6 39.3 ± 0.7 0.607
Creatinine (mmol/L) 92.3 ± 3.8 83.1 ± 4.5 0.141
L-PWV (cm/s) 2219 ± 90# 1970 ± 66# 0.090
R-PWV (cm/s) 2141 ± 52* 1932 ± 67* 0.023
L-ABI 1.00 ± 0.02 1.03 ± 0.02 0.313
R-ABI 1.00 ± 0.02* 1.06 ± 0.02* 0.049
EF (%) 63.4 ± 0.6 62.3 ± 1.9 0.534
IMT (mm) 0.86 ± 0.01 0.88 ± 0.03 0.01

*p < 0.05; #p < 0.1.

1970 ± 66 cm/s, p = 0.090) and significantly higher in right limbs 
(2141 ± 52 cm/s vs. 1932 ± 67 cm/s, p = 0.023) separately (Table 2).

3.3.  Comparison of ABI between  
Hypertension Group and  
Normotension Group

Ankle-brachial index levels of hypertension group were compared 
with those of normotension group. The ABI levels of right limbs 
in hypertensive patients were slightly lower than those of normo-
tensive participants (1.00 ± 0.02 vs. 1.06 ± 0.02, p = 0.049). But no 
difference of ABI levels between hypertensive group and normo-
tensive group was observed in left limbs (Table 2).

3.4.  Comparison of Clinical Characteristics 
and baPWV between DM Group and 
Non-DM Group

Fasting plasma glucose concentrations of DM patients were higher, 
while TC concentrations of DM patients were lower than those of 
non-DM participants. The levels of age, SBP, DBP, BMI, FPG, LDL, 
HDL, HCT, creatinine, EF and IMT were not significantly differ-
ent between DM group and non-DM group. No difference was 
observed between PWV levels of DM patients and non-DM partic-
ipants either in left limbs or in right limbs. TG concentrations were 
slightly higher and EF levels were slightly lower in DM patients 
compared to non-DM participants (Table 3).

3.5.  Comparison of ABI between DM Group 
and Non-DM Group

Compared with non-DM participants, ABI levels of DM patients 
were significantly lower in left limbs (0.96 ± 0.02 v.s. 1.05 ± 0.02,  
p = 0.002). In right limbs, the ABI levels of DM group were slightly 
lower than non-DM group (0.99 ± 0.03 vs. 1.03 ± 0.02, p = 0.071) 
(Table 3).

3.6.  Correlation between baPWV,  
ABI and cIMT

Both ABI of Left Limbs (L-ABI) and ABI of Right Limbs (R-ABI) 
were negatively correlated to cIMT in partial correlation analy-
sis after adjusted by age, SBP, DBP, BMI, TC, TG and LDL (R = 
−0.136, p = 0.090; R = −0.196, p = 0.026, separately). However, nei-
ther baPWV of Left Limbs (L-PWV) nor baPWV of Right Limbs 
(R-PWV) was correlated to cIMT (Table 4).

Table 3 | Clinical characteristics between DM patients and non-DM 
participants

Clinical parameters Diabetes mellitus Non-Diabetes 
mellitus p-value

n 62 107 –
Age (years) 85.9 ± 0.6 85.5 ± 0.5 0.638
SBP (mmHg) 124 ± 1 124 ± 1 0.577
DBP (mmHg) 70 ± 1 70 ± 1 0.494
BMI 23.7 ± 0.5 23.8 ± 0.3 0.818
FPG (mmol/L) 6.69 ± 0.34* 5.18 ± 0.05* 0.000
TG (mmol/L) 2.21 ± 0.23# 1.73 ± 0.13# 0.062
TC (mmol/L) 2.90 ± 0.22* 3.59 ± 0.15* 0.008
LDL (mmol/L) 2.13 ± 0.12 2.20 ± 0.08 0.624
HDL (mmol/L) 1.04 ± 0.07 1.11 ± 0.04 0.377
HCT 37.0 ± 0.8 39.1 ± 0.5 0.607
Creatinine (mmol/L) 94.6 ± 5.6 86.2 ± 3.4 0.180
L-PWV 2141 ± 90 2148 ± 92 0.964
R-PWV 2126 ± 71 2053 ± 52 0.405
L-ABI 0.96 ± 0.02* 1.05 ± 0.02* 0.002
R-ABI 0.99 ± 0.03# 1.03 ± 0.02# 0.076
EF (%) 61.7 ± 1.4# 64.2 ± 0.6# 0.071
cIMT (mm) 0.86 ± 0.02 0.88 ± 0.02 0.636

*p < 0.05; #p < 0.1.
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We deduce baPWV might be better method for evaluating arte-
rial stiffness in elderly hypertensive patients. Munakata et al. [12] 
reported high baPWV was associated with a significantly poorer 
outcome in hypertensive Japanese adult at the average age of  
60 years. Our study implied this rule might be also applicable in 
even older hypertensive Chinese.

To identify better method of evaluating cardiovascular risks in 
elderly DM patients, we compared PWV and ABI levels of DM 
group with those of non-DM group. ABI levels of DM patients were 
lower in both limbs compared with non-DM participants. But no 
significant difference of PWV was observed between DM patients 
and non-DM participants. ABI might be better method for evaluat-
ing DM related vascular disease. Our finding is consistent with the 
recommendation of ABI as non-invasive tool to diagnose periph-
eral artery diseases in diabetes patients [13,14].

We found both L-ABI and R-ABI, but not baPWV, were significantly 
correlated to cIMT in the total study subjects. Furthermore, R-ABI 
was included in the model for predicting cIMT in DM patients. 
Compared with baPWV, better equivalence of ABI to cIMT was 
revealed in our study. CIMT has been reported to be a biomaker for 
CVD [15,16]. Combined with the result of our study, both ABI and 
cIMT might be associated with macro-vascular damage.

To investigate the real roles of baPWV and ABI as risk factors for 
CVD in the total subjects with and without hypertension or DM, 
logistic regression analysis were conducted. L-PWV and R-PWV, 
together with gender, age and hypertension, were included in 
the regression model for CVD. In previous study, arotic PWV 
was found to be associated with higher cardiovascular mortality, 
coronary heart disease and stroke among generally healthy older 
adults at mean age of 73.4 years [17]. baPWV has been reported 
to enhance the efficacy of prediction for the risk of development 
of CVD over that of the Framingham risk score, which is based on 
the traditional cardiovascular risk factors [18,19]. Our study con-
firmed the efficacy of baPWV in cardiovascular risk evaluation in 
elderly Chinese over 80 years old.

5. CONCLUSION

In elderly Chinese over 80 years’ old, baPWV was elevated in 
hypertensive patients while ABI was lower in DM patients com-
pared with healthy people. Compared with baPWV, ABI is better 
equivalent to cIMT. But for predicting risk of CVD, baPWV is a 
better biomarker in elderly Chinese.
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Table 4 | Partial correlation analysis between baPWV, ABI and cIMT after 
adjusted by age, SBP, DBP, BMI, TC, TG and LDL

Variants r p-value

L-PWV 0.091 0.184
R-PWV 0.045 0.331
L-ABI -0.136# 0.090
R-ABI -0.196* 0.026

r, Partial correlation coefficient; #p < 0.1; *p < 0.05.

Table 5 | Logistic regression analysis on risk factors for predicting 
cardiovascular disease (CVD)

Factors OR 95% CI p-value

Gender 6.701# 0.911–49.310 0.062
Age 1.181* 1.051–1.327 0.005
Hypertension 0.214* 0.066–0.688 0.010
L-PWV 1.002# 1.000–1.003 0.065
R-PWV 0.998* 0.996–0.999 0.006

Logistic regression analysis of CVD with the factors of age, gender, SBP, DBP, BMI, DM, 
hypertension, L-PWV, R-PWV, L-ABI, R-ABI, cIMT, TC, TG and LDL. Data are odds 
ratio (OR) and 95% confidence interval (95% CI). #p < 0.1; *p < 0.05.

Stepwise regression analysis of baPWV and ABI to cIMT was con-
ducted in hypertensive group and DM group separately. In hyper-
tensive patients, neither baPWV nor ABI was included in the model 
for cIMT. In DM patients, R-ABI was included in the model for 
predicting cIMT (b = −0.316, 95% CI −0.562 to −0.071, p = 0.012).

3.7.  Sensitivity of baPWV and ABI  
for Predicting CVD

As for early prediction of disease caused by arterial stiffness, logis-
tic regression analysis of CVD with the factors of age, gender, SBP, 
DBP, BMI, DM, hypertension, L-PWV, R-PWV, L-ABI, R-ABI, 
cIMT, TC, TG and LDL. The model for predicting CVD included 
the factors of gender, age, hypertension, L-PWV and R-PWV  
(OR = 6.701, 95% CI 0.911–49.310, p = 0.062; OR = 1.181, 95% CI 
1.051–1.327, p = 0.005; OR = 0.214, 95% CI 0.066–0.688, p = 0.010; 
OR = 1.002, 95% CI 1.000–1.003, p = 0.065; OR = 0.998, 95% CI 
0.996–0.999, p = 0.006, separately) (Table 5).

4. DISCUSSION

Population aging leads to more patients suffered from diseases  
related to arterial stiffness and atherosclerosis, such as cardio-
vascular disease, cerebral vascular disease and diabetes nephrop-
athy. Not only high plasma glucose, lipid and high blood 
pressure, but also aging itself can cause arterial stiffness [11]. 
Our study included subjects at an average age of 85 years old, 
which represented elderly Chinese population. To identify better 
method of evaluating cardiovascular risks in elderly hyperten-
sive patients, baPWV levels of hypertension group were com-
pared with those of normotension group.

We found baPWV levels were elevated in both limbs of hyperten-
sive patients compared with non-hypertensive subjects. However, 
only ABI of right limb was slightly lower in hypertensive patients. 
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