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INTRODUCTION 

Type-2 diabetes mellitus carries an increased risk of 
atherosclerosis1-3. Stiffening of the large arteries is a hall-
mark of type-2 diabetes4,5. Cardiovascular risk factors, 
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Objective To our knowledge, few studies compared the association of brachial-ankle pulse wave velocity (baPWV) with cardiovascular risk factors 
among Chinese with type-2 diabetes mellitus and non-diabetic controls. This study addresses this issue. 

Methods We measured baPWV (OMRON VP1000) in 413 diabetic patients from Shanghai city (mean age: 58.7 years; 57% women) and 354 controls 
randomly recruited from the population of JingNing county, Zhejiang Province. We used stepwise multiple regression to identify covariables of baPWV 
and introduced interaction terms in the models to compare slopes. We expressed association sizes for continuous variables for a 1-SD increase in the 
dependent variable. 

Results Adjusted baPWV was higher in diabetic patients than controls (1678 vs 1583 cm/sec; P = 0.018). In diabetic patients, baPWV was indepen-
dently correlated with female sex (-61 cm/sec; P = 0.061), age (+107 cm/sec; P < 0.0001), height (-51 cm/sec; P = 0.012), systolic pressure (+99 cm/sec; 
P < 0.0001), and the HDL-to-total cholesterol ratio (-38 cm/sec; P = 0.0004). In controls, the explanatory variables were female sex (-74 cm/sec; P = 0.045), 
age (+138 cm/sec; P < 0.0001), height (-262 cm/sec; P < 0.0001), systolic pressure (+202 cm/sec; P < 0.0001), but not the HDL-to-total cholesterol ratio 
(P = 0.48). Explained variance of baPWV was 34% and 61% in diabetic patients and controls, respectively. The associations of baPWV with age, height and 
systolic pressure were steeper (P < 0.04) in controls than diabetic patients. 

Conclusion Sex, age, height and systolic pressure were the main determinants of baPWV in Chinese, irrespective of whether they had diabetes 
or not, but these associations were tighter in population-based controls without diabetes. 

Keywords Arterial stiff ening – diabetes mellitus – ethnicity – pulse wave velocity. 

such as hypertension, dyslipidaemia, and obesity cluster 
in diabetic patients6,7. However, few studies in Chinese 
patients with type-2 diabetes mellitus examined pulse 
wave velocity, the best indicator of arterial stiffness8 and 
a strong predictor of cardiovascular complications9,10, 
in relation to cardiovascular risk factors. To our knowl-
edge, no previous study compared the determinants of 
brachial-ankle pulse wave velocity (baPWV) with risk 
factors in Chinese with and without diabetes. This issue 
is clinically relevant, because with increasing urbaniza-
tion, economical development and changing lifestyle 
over the past two decades, the prevalence of diabetes 
mellitus in the Chinese mainland increased almost ten-
fold11. In the present study, we therefore assessed and 
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in kilograms divided by height in metres squared. The 
waist-to-hip ratio, determined by means of a tape meas-
ure, was the ratio of the smallest circumference at the 
waist to the largest circumference at the hip. 

In patients and controls, a single trained observer 
measured baPWV by means of an automated waveform 
analyser (Colin VP-1000, Omron Healthcare). The 
VP-1000 computed L1 and L2 from the height (H) of the 
subjects as L1 = 0.2195 × H – 2.0734 and L2 = 0.5643 × 
H – 18.381 17. The intra-observer variation for the pulse 

compared the correlates of baPWV in Chinese with 
type-2 diabetes and controls randomly recruited from 
a general population. BaPWV is an index of arterial 
stiffness that shows characteristics similar to those of 
aortic PWV12-14. 

METHODS

Study design 

The Ethics Committee of Ruijin Hospital, Shanghai 
Jiaotong University School of Medicine, approved the 
study protocol. From October 2006 to February 2007, 
we recruited via the outpatient clinic of the Department 
of Endocrinology and Metabolism, Ruijin Hospital, 
Shanghai, 547 type-2 diabetic patients. Diabetes mellitus 
was defined as a fasting or random blood glucose level 
of at least 7.0 mmol/L (126 mg/dL) or 11.1 mmol/L (200 
mg/dL), respectively, or the use of antidiabetic drugs15. 
Glycosylated haemoglobin (HbA1c), measured before 
enrolment in the current study, averaged (± SD) 
7.25 ± 5.32% (interquartile range: 5.1-9.5%). We matched 
the patients by sex and age (within 4 years) with 384 
non-diabetic subjects, who were randomly recruited 
from October 2005 to June 2006 from the population of 
JingNing county, which is located approximately 500 
kilometres south of Shanghai16. All study participants 
gave written informed consent. We excluded 120 dia-
betic patients and 24 controls because of missing clinical 
information. We also removed 13 diabetic patients and 
5 controls from analysis because of outlying data points, 
which were more than 3 SDs away from the mean. We 
excluded one participant from each group, because they 
had an ankle-brachial index below 0.9. Thus, our analy-
ses included 413 type-2 diabetic patients and 354 control 
subjects. 

Measurements 

We administered standardised questionnaires to our 
patients and controls to obtain information on their 
medical history, intake of medications, and smoking and 
drinking habits. In patients and controls, trained observ-
ers measured the blood pressure to the nearest 2 mm 
Hg with a standard mercury sphygmomanometer after 
the subjects had rested in the sitting position for at least 
10 minutes. During the measurements, the subject’s arm 
was supported at the heart level. For analysis we averaged 
3 readings. Hypertension was defined as a blood pressure 
of at least 140 mm Hg systolic or 90 mm Hg diastolic or 
the use of antihypertensive drugs. Mean arterial pressure 
was diastolic blood pressure plus one third of pulse pres-
sure. The observers also measured the subjects’ anthro-
pometric characteristics. Body mass index was weight 

Table 1 Characteristics of participants 

Characteristic Diabetics 
(n = 413)

Controls 
(n = 354)

P

Anthropometrics

Women (n [%]) 246 (59.6) 191 (53.9) 0.10

Age (years) 58.9 ± 8.1 58.4 ± 8.5 0.42

Height (cm) 161.8 ± 8.1 156.9 ± 8.2 < 0.0001

Weight (kg) 65.3 ± 10.7 57.2 ± 10.2 < 0.0001

Body mass index (kg/m2) 24.9 ± 3.4 23.1 ± 2.9 < 0.0001 

Waist circumference (cm) 87.0 ± 8.6 80.8 ± 9.2 < 0.0001 

Hip circumference (cm) 96.5 ± 6.6 92.9 ± 6.0 < 0.0001 

Waist-to-hip ratio (cm) 0.90 ± 0.05 0.87 ± 0.06 < 0.0001 

Haemodynamic measurements 

Systolic pressure (mm Hg) 127.6 ± 16.8 139.0 ± 26.4 < 0.0001 

Diastolic pressure (mm Hg) 79.4 ± 10.4 79.0 ± 12.7 0.53 

Mean arterial pressure (mm Hg) 95.4 ± 11.6 98.9 ± 15.5 0.0007 

Brachial-ankle PWV (cm/s) 1648 ± 300 1647 ± 405 0.96 

Hypertension (n [%]) 210 (51) 164 (46) 0.21

On antihypertensive drugs (n [%]) 129 (31) 63 (18) < 0.0001 

Serum lipids (mmol/L)

Total cholesterol 5.33 ± 1.07 5.14 ± 0.91 0.0066 

HDL cholesterol 1.56 ± 0.28 1.52 ± 0.43 0.17 

HDL-to-total cholesterol ratio 0.30 ± 0.05 0.30 ± 0.09 0.50 

LDL cholesterol 3.23 ± 0.79 3.27 ± 0.84 0.60 

Triglycerides 1.64 ± 1.30 1.74 ± 1.25 0.33 

Diabetes

Duration of diabetes mellitus (years) 7.71 ± 6.02 – –

On antidiabetic drugs (n [%]) 387 (94) – –

Glycosylated haemoglobin A1c (%) 7.25 ± 5.32 – –

Lifestyle

Smokers (n [%]) 82 (19.8) 101 (28.5) 0.0038 

Drinkers (n [%]) 30 (7.3) 131 (37.0) < 0.0001

Abbreviations: PWV: pulse wave velocity: HDL: high-density lipoprotein, 
LDL: low-density lipoprotein. Data are mean ± SD or number of subjects (%). 
Hypertension was a blood pressure (mean of 3 consecutive readings) of at 
least 140 mm Hg systolic or of 90 mm Hg diastolic, or use of antihypertensive 
drugs. Mean arterial pressure was diastolic blood pressure plus one third of 
pulse pressure. Diabetes mellitus was a fasting or random blood glucose of at 
least 7.0 mmol/L (126 mg/dL) or 11.1 mmol/L (200 mg/dL), respectively, or use 
of antidiabetic drugs. 
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procedure with the P-value for independent variables 
to enter and stay in the model set at 0.15. The covariables 
considered for entry into the model were sex, age, 
anthropometric variables (height, weight, body mass 
index, and waist-to-hip ratio), systolic blood pressure, 
and serum lipids (the HDL-to-total cholesterol ratio, 
LDL cholesterol, and triglycerides), and smoking and 
drinking. Between-group comparisons of correlation 
coefficients relied on Fisher’s z transformation18. Regres-
sion slopes were compared by testing in a single model 
approach the interaction term between a dummy vari-
able coding for group (diabetic patients vs controls) and 
the explanatory variable of interest19. 

RESULTS

Characteristics of participants 

Table 1 lists the clinical characteristics of the type-2 
diabetic patients and the population-based controls. 
Compared with controls, diabetic patients had higher 

wave velocity was 7.5% and 8.7% in the diabetic patients 
and control subjects, respectively. For analysis, we aver-
aged left and right pulse wave velocity. 

For the purpose of this study, we obtained venous 
blood samples after overnight fasting in both patients 
and controls. Using standardised automated methods, 
we measured high-density lipoprotein (HDL), low-
density lipoprotein (LDL), and total cholesterol and 
triglycerides in serum. 

Statistical analysis 

For database management and statistical analysis, we 
used SAS version 9.2 (SAS Institute, Cary, North Caro-
lina, USA) software. Comparison of means and propor-
tions relied on the standard normal z test and the χ2 
statistic, respectively. Statistical significance was set at a 
P-value of 0.05 or less on two-sided tests. 

Our statistical methods also included single and mul-
tiple linear regression. To identify the covariables of 
pulse wave velocity, we applied a stepwise regression 

Fig. 1 The distributions 
of the brachial-ankle 
pulse wave velocity 
(baPWV) in type 2 
diabetic patients (A, C) 
and non-diabetic 
controls (B, D) randomly 
recruited from the 
population. The 
distributions are given 
for baPWV as measured 
(A, B) and standardised 
to the mean body mass 
index, waist-to-hip ratio, 
systolic blood pressure, 
and total cholesterol 
(C, D). 
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In the diabetic patients, measured baPWV averaged 
(± SD) 1645 ± 311 cm/sec in women vs 1653 ± 283 cm/sec 
in men (P-value for difference: 0.84), 1658 ± 301 cm/sec 
in non-smokers vs 1607 ± 290 cm/sec in smokers (P = 0.66), 
and 1650 ± 298 cm/sec in non-drinkers vs 1624 ± 326 cm/
sec in drinkers (P = 0.66). In control subjects, measured 
baPWV averaged 1676 ± 420 cm/sec in women vs 1611 ± 
388 cm/sec in men (P-value for difference: 0.29), 1669 ± 
403 cm/sec in non-smokers vs 1591 ± 405 cm/sec in smok-
ers (P = 0.08), and 1624 ± 389 cm/sec in non-drinkers vs 
1685 ± 430 cm/sec in drinkers (P = 0.19). 

There was a strong association between baPWV and 
age (P for trend: < 0.0001; figure 2) both before and after 
standardization for body mass index, waist-to-hip ratio, 
systolic blood pressure, and serum total cholesterol. 

weight, height, body mass index, waist and hip circumfer-
ences, waist-to-hip ratio, and total cholesterol. The other 
serum lipids and the HDL-to-total cholesterol ratio were 
similar in both groups (P ≥ 0.17). The control group had 
higher systolic blood pressure and more frequently 
reported alcohol intake and use of tobacco, but less fre-
quently reported antihypertensive treatment (table 1). 

The difference between the diabetic patients and 
controls in baPWV, as measured, was not significant 
(table 1 and figure 1). However, with adjustments applied 
for the between-group differences in body mass index, 
waist-to-hip ratio, systolic blood pressure, and total 
cholesterol baPWV was 95 ± 21 (SE) cm/sec higher in 
diabetic patients than controls (1678 vs 1583 cm/sec; 
P = 0.018). 

Fig. 2 Brachial-ankle 
pulse wave velocity by 
groups of age in type-2 
diabetic patients and 
non-diabetic controls 
randomly recruited from 
the population (A, B) 
and in women and men 
(C, D). The associations 
with age are depicted 
for baPWV as measured 
(A, C) and after 
standardization to the 
mean body mass index, 
waist-to-hip ratio, systolic 
blood pressure, and total 
cholesterol (B, D). 
P-values for trend: 
< 0.0001 for all. 
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with the HDL-to-total cholesterol ratio (table 2). The 
corresponding correlations in the controls were not 
statistically significant. The latter correlations were 
therefore tighter in patients than control subjects. 

Multivariable regression analysis 

In diabetic patients (table 3), stepwise regression with 
the P-value for explanatory variables to enter and to stay 
in the model set at 0.15 identified female sex (P = 0.061), 
age (P < 0.0001), height (P = 0.012), systolic pressure 

Single regression analysis 

In single regression analysis (table 2), in both diabetic 
patients and controls, baPWV increased with age and 
systolic and diastolic blood pressures, but decreased with 
body height and weight. For these variables with the 
exception of diastolic blood pressure, the correlations 
were tighter and the regression slopes were steeper in 
controls compared with patients. In diabetic patients, 
baPWV also increased with the body mass index, waist-
to-hip ratio, and LDL and total cholesterol, but decreased 

Table 2 Single regression of brachial-ankle pulse wave velocity with other variables

Correlation coefficients Standardised regression slopes (β)

DM Controls P DM Controls P

Age 0.38‡ 0.59‡ 0.013 137 (124 to 150)‡ 236 (219 to 253)‡ < 0.0001 

Height -0.18‡ -0.39‡ 0.0015 -53 (-67 to -39)‡ -156 (-176 to -136)‡ < 0.0001

Weight -0.01‡ -0.29‡ < 0.0001 -3 (-18 to -12)‡ -116 (-136 to -96)‡ < 0.0001 

Body mass index 0.12* -0.10 – 37 (22 to 52)* -35 (-72 to 2) –

Waist-to-hip ratio 0.14† 0.07 – 41 (27 to 55)† 30 (9 to 51) –

Systolic pressure 0.40‡ 0.64‡ < 0.0001 121 (108 to 134)‡ 263 (240 to 286)‡ 0.0043 

Diastolic pressure 0.27‡ 0.28‡ 0.79 79 (65 to 93)‡ 113 (93 to 133)‡ 0.51 

Mean arterial pressure 0.35‡ 0.53‡ 0.0024 104 (73 to 135)‡ 213 (180 to 246)‡ 0.0067 

HDL cholesterol -0.01 0.13* – -1 (-16 to 14) 53 (32 to 74)* –

LDL cholesterol 0.18‡ 0.03 – 55 (41 to 69)‡ 12 (-9 to 33) –

Total cholesterol 0.17‡ 0.06 – 49 (35 to 63)‡ 25 (4 to 46) –

HDL-to-total cholesterol ratio -0.18‡ 0.12 – -49(-62 to -36)‡ 26 (15 to 37) –

Triglycerides 0.08 -0.09 – 24 (9 to 39) -38 (-59 to -17) –

DM indicates diabetes mellitus. Mean arterial pressure was diastolic blood pressure plus one third of pulse pressure. P-values are for the differences in the correlation 
coefficients and regression slopes between diabetic patients and controls. Correlation coefficients were compared by Fisher’s z transformation. Regression slopes 
were compared by testing the interaction term between a dummy variable coding for group (diabetic patients versus controls) and the explanatory variable of 
interest. An ellipsis indicates a non-significant association, for which the 2 groups were not compared. The SDs used to compute the standardised slopes are listed 
in table 1. Significance of the regression slopes within groups: * P < 0.05; † P < 0.01; ‡ P < 0.0001. 

Table 3 Multiple regression of brachial-ankle pulse wave velocity 

Standardised regression slope (β)

 DM Controls P

Female (0, 1) -61 ± 31 -74 ± 35* 0.39 

Age (years) 107 (94 to 120)‡ 140 (125 to 155)‡ 0.0127 

Height (cm) -51 (-66 to -36)* -93 (-111 to -75)‡ 0.038 

Systolic pressure (mm Hg) 99 (81 to 117)‡ 192 (179 to 205)‡ 0.032 

HDL-to-total cholesterol ratio -38 (-49 to -27) ‡ -10 (-30 to 10) –

P-values are for the differences in the regression slopes (β) between diabetic patients and controls. The SDs used to compute the standardised slopes for continuous 
variables are given in table 1. Regression slopes were compared by testing the interaction term between a dummy variable coding for group (diabetic patients 
versus controls) and the explanatory variable of interest. An ellipsis indicates a non-significant association, for which the 2 groups were not compared. Significance 
of the regression slopes within groups: *P < 0.05; †P < 0.01; ‡P < 0.0001. The P-value for sex in the model for diabetic patients was 0.061. R2 was 0.34 and 0.61 for the 
diabetic patients and the control group, respectively. The covariables considered for entry into the model were sex, age, anthropometric variables (weight, height, 
body mass index, and waist-to-hip ratio), systolic blood pressure, and serum lipids (HDL-to-total cholesterol ratio, LDL cholesterol, and triglycerides), and smoking 
and drinking. 
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indicators, such as age, systolic blood pressure and the 
HDL-to-total cholesterol ratio. 

The pathways via which hyperglycaemia leads to 
increased arterial stiffness in diabetic patients need fur-
ther clarification. Hyperglycaemia leads to infiltration 
of the arterial wall with monocytes, macrophages and 
platelets20, induces hyperplasia of vascular smooth mus-
cle cells20, produces glycosylation of collagen21,22, thereby 
increasing arterial stiffness. Another important charac-
teristic associated with diabetes mellitus is insulin resist-
ance. One possible explanation for the association 
between arterial stiffness and insulin resistance lies in 
impaired cation transport, which may cause both insu-
lin resistance23 and increased arterial stiffness24. 

Our observation that age and blood pressure were 
major determinants of baPWV is in keeping with a 
recently published meta-analysis of 12 studies25, includ-
ing one small study in Chinese26. The majority of stud-
ies found no independent association between carotid-
femoral pulse wave velocity and sex, body mass index, 
serum lipids (HDL, LDL and total cholesterol and tri-
glycerides), and smoking25. The contribution of risk 
factors other than age and blood pressure, to carotid-
femoral pulse wave velocity was small25. In our current 
study, age and systolic blood pressure combined 
explained 30.5% and 55.5% of the variance of baPWV 
in diabetic patients and controls, respectively. For the 
total models in table 3, the explained variance was 34.1% 
and 61.1%, respectively, confirming the conclusion of 
Cecelja’s and Chowienczyk’s systematic review25 that the 
contribution of risk factors other than age and systolic 
blood pressure to pulse wave velocity is small or non-
significant. 

Two large studies in Chinese described the determi-
nants of baPWV separately in type-2 diabetic patients 
and healthy subjects, however, without attempting to 
address the potential differences in the associations 
between pulse wave velocity and cardiovascular risk 
factors between these 2 groups. In Chinese type-2 dia-
betic patients, baPWV was significantly higher in 562 
patients with hypertension than in 438 normotensive 
subjects (1779 vs 1691 cm/sec; P < 0.0001). This asso-
ciation persisted after adjustment for glycosylated hae-
moglobin, thereby underscoring the overriding role of 
blood pressure in the pathogenesis of arterial stiffening. 
Two studies included 545 27 and 974 28 healthy Chinese. 
Age ranged from 31 to 85 years27 and from 20 to 81 
years28 and the proportion of women amounted to 
22.5% 27 and 69.8% 28, respectively. Aortic pulse wave 
velocity as measured by the Complior method27 and 
baPWV as measured in the current study28 increased 
with age. In line with our current findings, pulse wave 
velocity at older age was higher in women than men28,29. 
In the healthy women enrolled in Wang’s study28, the 

(P < 0.0001), and the HDL-to-total cholesterol ratio 
(P = 0.0039) as independent correlates of baPWV. In 
control subjects, the significant explanatory variables 
were female sex (P = 0.047), age (P < 0.0001), height 
(P < 0.0001), systolic blood pressure (P < 0.0001), but not 
the HDL-total cholesterol ratio (P = 0.48). The variance 
of baPWV explained by these models amounted to 34% 
in the diabetic patients and to 61% in the controls. The 
partial regression coefficients indicated a steeper relation 
of baPWV with age, height and systolic blood pressure 
in controls than diabetic patients (table 3). 

Sensitivity analyses

In the patients, the median duration of diabetes mel-
litus before measurement of baPWV was 7.7 years (inter-
quartile range from 3.0 to 11.0 years; 5th to 95th per-
centile interval from 0.75 to 11.0 years). Duration of 
diabetes mellitus was an independent determinant of 
baPWV over and beyond the explanatory variables 
shown in table 3. The partial regression coefficient was 
48 cm/sec/8 years (95% confidence interval: 33 to 97 
cm/sec/8 years; P = 0.0002). Sensitivity analyses in which 
we excluded patients and controls on antihypertensive 
medications showed results consistent with those 
reported in tables 2 and 3. Our results also remained 
consistent, when in multiple regression we substituted 
systolic blood pressure by mean arterial pressure. In 
diabetic patients and controls, the increases in baPWV 
independently associated with a 1-SD increment in 
mean arterial pressure were 100 cm/sec/mm Hg (95% 
confidence interval 86 to 124) and 178 cm/sec/mm Hg 
(150 to 206), respectively (P-value for between-group 
difference: 0.015). 

DISCUSSION

The key finding of our study was that sex, age, height, 
and systolic blood pressure were the main determinants 
of baPWV in diabetic patients and sex-and age-matched 
non-diabetic controls. However, the partial regression 
coefficients describing these independent associations 
indicated that the slopes were steeper in controls than 
patients. With adjustments applied for the between-
group differences between diabetic patients and controls 
in body mass index, waist-to-hip ratio, systolic blood 
pressure and total cholesterol, baPWV was 95 cm/sec 
faster in the patients. To our knowledge, no previous 
study ever compared the determinants of baPWV in 
Chinese with and without diabetes. We assume that 
the diabetes mellitus overrides other mechanisms in 
the patho genesis of arterial stiffening, thereby weak-
ening the association of baPWV with traditional risk 
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serum insulin concentration. We could therefore not 
assess the potential association of baPWV with the 
degree of dysregulation of the carbohydrate metabolism. 
Second, pulse wave velocity increases with heart rate30,33, 
but was not measured at the time of the baPWV assess-
ment. However, not accounting for this confounder 
would attenuate rather than spuriously inflate the asso-
ciations in the multiple regression analyses as currently 
reported. Third, the use of antihypertensive drugs might 
have weakened the differences in the estimates between 
the diabetic patients and the population-based controls. 
However, a sensitivity analysis excluding patients on 
antihypertensive treatment was confirmatory. 

In conclusion, sex, age, height and systolic pressure 
were the main determinants of baPWV in Chinese, 
irrespective of whether they had diabetes or not, but 
these associations were tighter in population-based con-
trols without diabetes. We assume that diabetes mellitus 
compared with other cardiovascular risk factors plays a 
predominant role in the pathogenesis of arterial stiffen-
ing, thereby attenuating the associations with risk indi-
cators, such as age and blood pressure. 
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mean values of baPWV were 1189 cm/sec for age 30 to 
39, 1246 cm/sec for age 40 to 49, 1372 cm/sec for age 50 
to 59, and 1583 for age 60 or above. In women without 
hypertension enrolled in our control group, the corre-
sponding values were 1215 cm/sec, 1355 cm/sec, 1485 
cm/sec, and 1720 cm/sec, respectively. In the healthy 
men enrolled in Wang’s study28, the mean values of 
baPWV were 1269 cm/sec for age 30 to 39, 1326 cm/sec 
for age 40 to 49, 1369 cm/sec for age 50 to 59, and 1557 
for age 60 or above. In the untreated men without hyper-
tension of our control group, the corresponding values 
were 1300 cm/sec, 1356 cm/sec, 1390 cm/sec, and 1588 
cm/sec, respectively. Women (69.8%) were over-repre-
sented in Wang’s report28, which might indicate selec-
tion. This might explain why baPWV values by age 
group were slightly lower in women from northern 
China than in our female Jingning participants. How-
ever, for the northern Chinese men and Jingning men, 
mean values of baPWV were almost identical. 

Dyslipidaemia is a hallmark of type-2 diabetes mel-
litus and is associated with increased arterial stiffness6,23. 
Our diabetic patients had higher serum total cholesterol 
than the control subjects, but similar serum levels of 
HDL and LDL cholesterol and triglycerides. In multiple 
regression analysis, baPWV was inversely associated 
with the HDL-to-total cholesterol ratio in diabetic 
patients, but not in controls. In Taiwanese patients 
referred for coronary angiography or electrophysiologi-
cal studies, but without significant heart disease30, and 
in type-2 diabetic patients29, baPWV was inversely asso-
ciated with HDL cholesterol30 or positively with total and 
LDL cholesterol29. However, these associations weakened 
to a non-significant level after adjustment for other 
covariables, in particular age and blood pressure29,30. 

Using the formula (L1 – L2)/T, the VP-1000 device 
computes baPWV automatically. L1 is the distance from 
heart to ankle, L2 the distance from heart to arm, and T 
is the time delay between the foots of the brachial and 
tibial arterial waveforms. The use of body height to 
derive baPWV explains the currently observed strong 
relation between baPWV and stature. However, we31 and 
others32 observed a negative association between other 
indexes of arterial stiffness, such as the peripheral or 
central augmentation index31,32 or the ambulatory arterial 
stiffness index, and body height31. In contrast, Yasmin 
and colleague, who did not use body height, but meas-
ured distance by means of a tape measure reported that 
the association between foot-to-foot pulse wave velocity 
and body height was not statistically significant32. 

The present study must be interpreted within the 
context of its potential limitations and strengths. First, 
we did not measure indexes of metabolic control at the 
time of the baPWV measurement in diabetic patients, 
such as fasting or post-load blood glucose, or the fasting 
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