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Determinants of Brachial-Ankle Pulse Wave Velocity in 
Normotensive Young Adults with Type 2 Diabetes Mellitus

Brachial–ankle pulse wave velocity (baPWV) is simple, noninvasive method which correlates 
well with arterial stiffness. Herein, we assessed the determinants of baPWV in 
normotensive young adults with type 2 diabetes. We retrospectively enrolled 103 
consecutive type 2 diabetic patients aged between 30 and 39 yr who measured baPWV 
with noninvasive pulse wave analyzer. The anthropometric parameters, blood pressure, 
pulse rate, fasting plasma glucose, fasting insulin, fasting C-peptide, HbA1c, lipid profile, 
hs-CRP, albuminuria status, AST/ALT, γ-GTP were checked concurrently. Also, we 
investigated history of smoking, alcohol drinking and medications by questionnaire. We 
found that maximal baPWV was positively correlated with mean blood pressure (r = 0.404, 
P < 0.001), heart rate (r = 0.285, P = 0.004), AST (r = 0.409, P < 0.001), ALT (r = 0.329, 
P = 0.001), γ-GTP (r = 0.273, P = 0.006), Urine albumin/creatinine ratio (r = 0.321, 
P = 0.003). By multiple linear regression, mean blood pressure and heart rate were 
significantly associated with maximal baPWV in male and total group. In female group, 
mean blood pressure was the only variable associated with maximal baPWV. These factors 
can be surrogate markers of arterial stiffness in this population.
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INTRODUCTION

Epidemiological studies have reported that patients with type 2 
diabetes mellitus (DM) have increased mortality and morbidity 
from cardiovascular diseases, independent of other risk factors 
(1, 2). Therefore, early detection of risk factors related to athero-
sclerosis is necessary to decrease these risk in patients with type 
2 DM. A number of methods have been applied for assessment 
of cardiovascular risk and subclinical atherosclerosis. Especial-
ly, non-invasive modalities such as flow-mediated dilatation 
(FMD) of brachial artery, pulse wave velocity (PWV) and carotid 
intima-media thickness (IMT) have been widely used in clini-
cal settings, because they have been shown to be good surro-
gate markers of atherosclerosis (3-5). 
 Arterial stiffness has been shown to be an independent pre-
dictor of cardiovascular mortality and become a useful index in 
the prevention and early detection of cardiovascular disease. 
PWV reflects arterial stiffness, and it is a marker of both the se-
verity of vascular damage and the prognosis of cardiovascular 
diseases in patients with hypertension or with diabetes (6-8). 
Therefore, PWV is currently considered optimal, as recently de-

scribed in the consensus statement on arterial stiffness (9). Re-
cently, brachial–ankle pulse wave velocity (baPWV) using a vol-
ume rendering method is simple, noninvasive method which 
correlates well with arterial stiffness. And it is a useful tool for 
identifying a subgroup in the population that are at increased 
risk for cardiovascular events (10). 
 Many factors such as age, smoking, dyslipidemia, hyperten-
sion , microalbuminuria, waist hip ratio, HbA1c, γGTP, C-reac-
tive protein, duration of diabetes and metabolic syndrome are 
the known factors to affect arterial stiffness (11-17). So far, these 
factors affecting baPWV have been reported in various popula-
tion such as patients with type 2 diabetes, hypertensive patients 
and metabolic syndrome. However, determinants of baPWV in 
normotensive young adults with type 2 diabetes have not been 
examined yet. This population is relatively in early stage of DM, 
and there is less concern about diabetic complications. So, to 
evaluate which factors are related to arterial stiffness in this pop-
ulation can be meaningful. Herein, the purpose of this study 
was to assess major factors affecting baPWV in normotensive 
young adults with type 2 DM.
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MATERIALS AND METHODS

Patients
We measured baPWV with a noninvasive pulse wave analyzer 
(form PWV/ABI, Colin Co., Komaki, Japan) in 2,728 consecu-
tive type 2 diabetic patients in Department of Endocrinology 
and Metabolism, Pusan National University Hospital, between 
January 2008 to January 2011. Among these, we retrospectively 
included patients aged between 30 and 39 yr (n = 145). Those 
who had hypertension, current antihypertensive medication, 
atherosclerotic vascular disease, chronic kidney disease (eGFR 
< 60 mL/min/1.73 m2), moderate to severe heart disease (pre-

vious coronary artery disease and heart failure with NYHA class 
II-IV) and low ankle brachial index (< 0.9) were excluded. Pres-
ence of hypertension was defined when the subject was taking 
anti-hypertensive medication or measured systolic or diastolic 
blood pressures were same or above 130/80 mmHg. A total of 
103 patients with type 2 DM were finally included in this study. 

Laboratory assessment
Blood pressures (BP) were taken with a standardized sphygmo-
manometer after at least 5 min of rest. The height and weight of 
the subjects were measured just before examining baPWV. The 
body mass index (BMI) was expressed as the weight in kilograms 
divided by squared height in meters (kg/m2). The waist circum-
ference was measured in the standing position, at the level of 
umbilicus by a single examiner. Blood samples were collected 
after at least 8 hr of fasting. Plasma glucose, serum insulin, C-
peptide, lipid profile, high sensitive-C-reactive protein (hs-CRP), 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), gamma glutamyl transpeptidase (γ-GTP) were checked 
concurrently in study day. HbA1c was measured by high per-
formance liquid chromatography using the Variant TM II Turbo 
(Bio-Rad Laboratories, Hercules, CA, USA). Also, we investigat-
ed history of smoking, alcohol intake and medication by ques-
tionnaire. 

Assessment of arterial stiffness
After the subject had rested in a supine position for more than  
5 min, the measurement of baPWV was conducted using a wave-
form analyzer (VP-2000; Colin Co Ltd, Komaki, Japan). Electro-
cardiographic electrodes were placed on both wrists, a micro-
phone was placed on the left edge of the sternum to detect heart 
sounds, and pneumatic cuffs were placed on both arms and 
ankles. The cuffs were connected to a sensor that determined 
volume pulse form and an oscillometric pressure sensor that 
measured blood pressure. The characteristic points of wave-
forms were determined automatically according to the pulse 
velocity theory. The components over 5 Hz were stored using a 
pass filter and the wave front was determined. The time interval 
between the wave front of brachial waveform and that of ankle 

waveform was defined as the time interval between brachium 
and ankle (ΔTba). The distance between sampling points of 
baPWV was calculated automatically according to the subject’s 
height. The path length from the heart to the brachium (Lb) 
was measured externally and was expressed using the following 
equation: Lb = 0.2195 × height of the patient (cm) - 2.0734. The 
path length from the heart to the ankle (La) was expressed us-
ing the following equation: La = 0.8129 × height of the patient 
(cm) + 12.328. Finally, baPWV was calculated from the follow-
ing equation: baPWV = (La-Lb)/ΔTba (18).

Statistical analysis
The statistical analysis was performed using the SPSS (SPSS ver 
17.0 for Windows, Chicago, IL, USA) software package. All data 
were expressed by mean ± S.D. for normally distributed values 
and median (interquartile range) for nonparametric values. 
Pearson chi-square test was used to assess differences in cate-
gorical data between male and female. And Student t-test and 
Mann Whitney U test were used to assess numerical data as ap-
propriate. Bivariate correlation (Pearson’s correlation coeffi-
cient) analyses were performed to analyze the relationships be-
tween maximal baPWV and other numerical data. To approxi-
mate normal distribution, natural log transformed value for 
Urine Albumin/Creatinine ratio (microalbuminuria) was used 
in this analysis. Linear regression analysis was performed to 
evaluate the association between maximal baPWV and other 
clinical data. And step-wise multiple regression analysis was 
performed to determine the correlation and independent vari-
ables for maximal baPWV. A value of P < 0.05 was considered to 
be statistically significant. 

Ethics statement
The study was approved by the institutional review board of the 
Pusan National University Hospital, Busan, Korea (No. 2009041). 
According to this, we obtained all patients’ informed consent. 

RESULTS

Clinical characteristics of the patients 
Table 1 shows the general characteristics of the study popula-
tion. Pulse, fasting glucose, γ-GTP, hs-CRP, serum creatinine, 
smoking, alcohol intake and statin treatment were different sig-
nificantly between male and female. 

Correlations between maximal baPWV and other variables
Table 2 shows correlations between baPWV and clinical param-
eters in total patients.
 Maximal baPWV was positively correlated with mean blood 
pressure (r = 0.404, P < 0.001), heart rate (r = 0.285, P = 0.004), 
AST (r = 0.409, P < 0.001), ALT (r = 0.329, P = 0.001), γ-GTP (r =  
0.273, P = 0.006), urine albumin/creatinine ratio (r = 0.321, P =  
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0.003). We compared baPWV according to smoking, anti-plate-
let treatment, alcohol intake, and statin treatment. Smoking and 
statin therapy showed significant positive correlation (P = 0.033, 
P = 0.020).
 Table 3 shows correlations between baPWV and clinical vari-
ables in male and female patients respectively. Mean blood pres-
sure, AST, ALT, γ-GTP, and triglyceride were positively correlat-
ed with maximal PWV in both groups. Heart rate and urine al-
bumin/creatinine ratio were positively correlated with maximal 
baPWV only in male group (P = 0.001, P = 0.001). The c-peptide 
was positively correlated with maximal baPWV only in female 
group (P = 0.012). 
 Including these significant variables and well-known baPWV-
related variables, we performed multivariate linear regression 
analyses for the association between several variables and max-
imal baPWV (Table 4). These analyses were performed in male, 
female and total group, respectively. Mean blood pressure and 
heart rate were significantly associated with maximal baPWV in 
male and total group. And in female group, mean blood pres-
sure was the only variable associated with maximal baPWV.

Table 1. Comparison of clinical characteristics of patients who measured brachial ankle pulse wave velocity 

Male (n = 56) Female (n = 47) Total (n = 103) P  value

Age (yr) 38 (34-39) 36 (34-38) 37 (34-39) 0.089
BMI (kg/m2) 24.5 (22.5-26.7) 25.1 (21.8-29.0) 24.9 (21.9-27.8) 0.078
Waist (cm)   88.5 ± 10.5 87.6 ± 9.5   88.1 ± 10.0 0.694
Max. baPWV (cm/sec) 1,296.5 (1,218.5-1,386.8) 1,269.0 (1,161.0-1,366.0) 1,280.0 (1,195.0-1,377.0) 0.139
Rt. ABI 1.08 (1.01-1.13) 1.08 (1.03-1.11) 1.08 (1.02-1.12) 0.760
Lt. ABI   1.07 ± 0.09   1.06 ± 0.10   1.07 ± 0.09 0.435
Mean BP (mmHg) 90.7 ± 7.2 88.3 ± 7.7 89.6 ± 7.5 0.112
PP (mmHg) 45.5 (40.3-50.0) 41 (39.0-50.0) 43.0 (40.0-50.0) 0.078
Heart rate (/min)*   72.4 ± 12.7 76.9 ± 9.7   74.47 ± 11.59 0.049
HbA1C (%) 7.7 (6.9-10.2) 7.6 (6.5-10.4) 7.7 (6.6-10.3) 0.669
Fasting glucose (mg/dL)* 156.5 (128.5-219.5) 132.0 (112.3-169.0) 150.0 (118.0-209.8) 0.022
Fasting insulin (mU/L) 6.8 (3.8-14.2) 7.3 (4.9-11.5) 7.3 (4.2-13.4) 0.659
Fasting C-peptide (ng/mL) 1.4 (0.8-20.9) 1.9 (1.0-3.3) 1.5 (0.9-2.5) 0.055
AST (U/L) 22.0 (17.0-34.5) 21.0 (15.5-32.0) 21.0 (16.5-32.5) 0.404
ALT (U/L) 28.5 (17.5-59.5) 21.0 (13.5-40.5) 25.0 (15.5-45.0) 0.081
γ-GTP (U/L)* 34.5 (19.0-63.8) 26.0 (15.3-39.0) 29.0 (17.3-50.8) 0.026
hs-CRP (mg/dL) 0.28 (0.13-0.99) 0.13 (0.04-0.32) 0.20 (0.07-0.79) 0.011
Serum creatinine (mg/dL)* 1.00 (0.90-1.10) 0.80 (0.63-0.90) 0.90 (0.80-1.04) < 0.001
Urine ACR (µg/mg Cr) 6.5 (3.0-16.8) 6.1 (3.7-20.3) 6.0 (3.2-19.0) 0.678
Total cholesterol (mg/dL) 107.5 (93.3-126.8) 199.0 (168.8-221.3) 187.0 (168.0-214.0) 0.075
LDL-cholesterol (mg/dL) 110.9 ± 31.5 114.1 ± 26.4 112.2 ± 29.5 0.635
Triglyceride (mg/dL) 180.0 (161.5-207.3) 153.0 (87.5-207.0) 139.5 (91.5-201.3) 1.000
HDL-cholesterol (mg/dL) 45.0 (40.3-52.5) 48.0 (41.5-56.0) 47.0 (41.0-54.0) 0.243
DM duration (yr) 3.0 (1.0-6.0) 5.0 (1.0-8.0) 3.0 (1.0-7.0) 0.779
Smoking (Y:N)* 31: 25 (55.4%) 8:39 (20.5%) 39:103 (37.9%) < 0.001
Alcohol intake (Y:N)* 33:23 (58.9%) 9:38 (19.1%) 42:61 (40.8%) < 0.001
Statin treatment (Y:N)* 21:35 (37.5%) 8:39 (17.0%) 29:74 (28.2%) 0.028
Anti-PLT treatment (Y:N)* 14:42 (25.0%) 16:31 (25.5%) 30:73 (29.1%) 0.385

Data are expressed in the mean± SD for parametric variables and median (interquartile range) for nonparametric variables. *P < 0.05. BMI, body mass index; baPWV, brachial 
ankle pulse wave velocity; Max., maximal; Rt., right; Lt., left; ABI, ankle brachial index; Mean BP, mean blood pressure; PP, pulse pressure; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; γ-GTP, gamma glutamyl transpeptidase; hs-CRP, high sensitive C-reactive protein; Urine ACR, urine albumin creatinine ratio; LDL, low density lipo-
protein; HDL, high density lipoprotein; DM, diabetes mellitus; PLT, platelet; Y, yes; N, no.  

Table 2. The correlations between maximal baPWV and other variables 

Variables
Maximal baPWV

r P  value

Age (yr) 0.044 0.659
BMI (kg/m2) 0.074 0.457
Waist (cm) 0.032 0.773
Rt. ABI -0.055 0.584
Lt. ABI 0.054 0.587
Mean BP (mmHg)† 0.404 < 0.001
PP (mmHg) -0.024 0.807
Heart rate (/min)† 0.285 0.004
HbA1C (%) 0.114 0.251
FBG (mg/dL) -0.010 0.923
Fasting insulin (mU/L) 0.139 0.223
Fasting C-peptide (ng/mL) 0.196 0.051
AST (U/L)† 0.409 < 0.001
ALT (U/L)† 0.329 0.001
γ-GTP (U/L)† 0.273 0.006
hsCRP (mg/dL) 0.049 0.651
Serum creatinine (mg/dL) -0.103 0.332
Log(Urine ACR)† 0.321 0.003
Total cholesterol (mg/dL) 0.161 0.110
LDL-cholesterol (mg/dL) 0.149 0.190
Triglyceride (mg/dL)* 0.228 0.024
HDL-cholesterol (mg/dL) 0.056 0.595
DM duration (yr) -0.028 0.815

*P < 0.05, †P < 0.01. Abbreviations as in Table 1.
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DISCUSSION

In prior studies, arterial stiffness was associated with age, gen-
der, mean blood pressure, heart rate, obesity, dyslipidemia and 
hyperglycemia (14, 19, 20). Those studies have been conducted 
in various groups such as healthy subjects and patients with im-
paired fasting glucose, impaired glucose tolerance, DM, chron-
ic kidney disease and so on (17, 21-23).

 To our knowledge, this study is the first to evaluate related 
factors to baPWV in normotensive young adults with type 2 DM. 
Blood pressure, age and DM are well known determinants of 
PWV. Therefore, we thought that it was meaningful to evaluate 
what factors were related to arterial stiffness in this newly select-
ed population. We found that mean blood pressure and heart 
rate were significantly correlated to baPWV in male and total 
population of this group. Only mean blood pressure was signifi-
cantly correlated to baPWV in female population.
 It was noted that possible PWV-related factors such as waist 
circumference, body mass index, age, pulse pressure, HbA1c, 
ALT, γ-GTP, hsCRP, diabetes duration, albuminuria status and 
lipid profile did not show correlation with baPWV in this popu-
lation. However, mean blood pressure and heart rate were sig-
nificant predictors to baPWV. 
 The subjects in this study can be considered as being with 
short duration of diabetes and relatively healthy. Intensive com-
plication tests are not usually indicated for these patients; and 
patients themselves do not realize the importance of such tests. 
Therefore, the finding of this study may have clinical importance 
in this aspect. Through easy way like measuring blood pressure 
and heart rate, we can predict the degree of arterial stiffness in 
this population like other patients group with advanced diseases. 
 In summary, this is the first study describing the factors influ-
encing to baPWV in normotensive young adults with type 2 DM. 
The heart rate and mean blood pressure are significant influ-
encing factors to baPWV. They can be surrogate markers of ar-
terial stiffness in normotensive young adults with type 2 diabe-
tes. Our study has limitation such as relatively small numbers 
and lack of factors of cardiovascular prognosis. For better un-
derstanding of risk factors of arterial stiffness and cardiovascu-
lar risk in this population, future large-scale studies including 
factors of cardiovascular prognosis are necessary.

Table 3. The correlations between maximal baPWV and other variables according to 
sex

Variables
Maximal baPWV

r P  value

Age (yr) M
F

0.044
-0.234

0.659
0.114

BMI (kg/m2) M
F

0.074
0.183

0.457
0.218

Waist (cm) M
F

0.032
0.329

0.773
0.053

Rt. ABI M
F

0.050
-0.065

0.714
0.666

Lt. ABI M
F

-0.018
0.118

0.898
0.428

Mean BP (mmHg) M*
F †

0.287
0.533†

0.032
< 0.001

PP (mmHg) M
F

-0.024
-0.075

0.807
0.614

Heart rate (/min) M
F

0.415†

0.175
0.001
0.239

HbA1C (%) M
F

0.114
0.276†

0.251
0.060

FBG (mg/dL) M
F

-0.010
-0.141

0.923
0.363

Insulin (mU/L) M
F

0.139
0.240

0.223
0.185

C-peptide (ng/mL) M
F

0.196
0.372†

0.051
0.012

AST (U/L) M†

F †
0.366 
0.476 

0.006
0.001

ALT (U/L) M†

F †
0.329 
0.401 

0.001
0.006

γ-GTP (U/L) M†

F
0.273 
0.457†

0.006
0.002

hsCRP (mg/dL) M
F

0.049
0.013

0.651
0.940

Serum creatinine (mg/dL) M
F

-0.103
-0.223

0.332
0.173

Log (Urine ACR) M†

F
0.438 
0.101

0.001
0.571

Total cholesterol (mg/dL) M
F

0.161
0.224

0.110
0.135

LDL-cholesterol (mg/dL) M
F

0.149
0.270

0.190
0.142

Triglyceride (mg/dL) M
F †

0.228
0.428 

0.024
0.003

HDL-cholesterol (mg/dL) M
F

0.056
-0.136

0.595
0.398

DM duration (yr) M
F

-0.028
-0.116

0.815
0.536

*P < 0.05, †P < 0.01. Abbreviations as in Table 1.

Table 4. Multiple regression analysis of maximal baPWV in male, female and total 
patients group

Variables
Maximal baPWV

β coefficient P  value Adjusted R2

Male*
   Heart rate (/min)
   Mean BP (mmHg)

 
0.453
0.297

 
0.002
0.037

0.314

Female†

   Mean BP (mmHg) 0.505 0.009
0.224

Total‡ 
   Heart rate (/min)
   Mean BP (mmHg)

 
0.300
0.438

 
0.006

< 0.001

0.299

* Is adjusted for age, waist, pulse pressure, HbA1c, ALT, fasting c-peptide, hsCRP, tri-
glyceride, anti-platelet treatment, duration of diabetes, statin treatment, smoking, and 
log (albumin/creatinine ratio); †Is adjusted for age, waist, pulse, pulse pressure, heart 
rate, HbA1c, ALT, fasting c-peptide, hsCRP, triglyceride, anti-platelet treatment, dura-
tion of diabetes, statin treatment, smoking, and log (albumin/creatinine ratio); ‡Is ad-
justed for age, sex, waist, pulse pressure, HbA1c, ALT, fasting c-peptide, hsCRP, tri-
glyceride, anti-platelet agent, duration of diabetes, statin, smoking, mean blood pres-
sure and log (albumin/creatinine ratio). Abbreviations as in Table 1.
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