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Background/Aims: Although brachial-ankle pulse wave velocity (baPWV) has 
been validated as a novel method to predict the cardiovascular risk in general 
population, the relevance of baPWV to the traditional risk scores has not been 
clearly revealed. This study investigated the relationship between baPWV and 
four different cardiovascular risk-predicting scores in men and women.
Methods: A total of 539 subjects (58.1 ± 12.2 years, 50.1% men) without cardiovas-
cular disease (CVD) who underwent health examinations including baPWV mea-
surement were retrospectively analyzed. Four cardiovascular risk scores (Fram-
ingham risk score [FRS; 1998], Adult Treatment Panel [ATP] III revised FRS [2002], 
generalized FRS [2008], and American College of Cardiology/American Heart 
Association [ACC/AHA] CVD risk [2013]) were calculated in each subject. 
Results: In a total population, baPWV was moderately correlated with four car-
diovascular risk scores (r = 0.577 for FRS; r = 0.594 for ATP III revised FRS; r = 0.589 
for generalized FRS; r = 0.571 for ACC/AHA CVD risk; p < 0.001 for each). These 
correlations were stronger in women than in men (r = 0.649 vs. 0.451 for FRS; r = 
0.719 vs. 0.411 for ATP III revised FRS; r = 0.735 vs. 0.540 for generalized FRS; r = 
0.699 vs. 0.552 for ACC/AHA CVD risk; p for gender difference ≤ 0.005 for each).
Conclusions: In middle-aged and elderly Koreans without CVD, baPWV was 
identified as having a moderately positive correlation with four different risk 
scores. The correlation was stronger in women than in men, implying the better 
performance of baPWV in women for predicting cardiovascular risk of healthy 
population.

Keywords: Cardiovascular diseases; Risk assessment; Pulse wave analysis; Sex 
characteristics

Gender difference in the association between  
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INTRODUCTION

Arterial stiffness, reflecting structural changes of the ar-
terial wall, has been widely used as a marker of vascular 
damage and arteriosclerosis [1]. Data on arterial stiffness 
is clinically important because arterial stiffness is an 

independent risk factor of cardiovascular (CV) morbid-
ity and mortality in various medical conditions as well 
as in the general population [2-5]. Arterial stiffness can 
be assessed noninvasively by measuring pulse wave ve-
locity (PWV), which is a simple and reliable method [6]. 
The most frequently studied index among several PWV 
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measures is carotid-femoral pulse wave velocity (cfPWV) 
[7]. However, application of cfPWV is limited, because 
of its technical difficulty and inconvenience during the 
measurement. As a more recently developed method, 
the brachial-ankle pulse wave velocity (baPWV) has been 
emerged as an easier, less time-consuming, and less 
stressful screening tool compared to cfPWV [8]. More-
over, baPWV shows a good correlation with cfPWV [9], 
and clinical usefulness of baPWV has been validated 
in many clinical studies [10-13] and meta-analysis [14]. 
Therefore, baPWV is useful especially in mass screen-
ing, and its application has rapidly spread throughout 
East Asian countries, including Japan and South Korea.

Cardiovascular disease (CVD) constitutes a major pub-
lic health problem showing high prevalence and mor-
tality. Investigators have developed various multivari-
able risk-predicting algorithms to predict the future CV 
events and classify the CV high-risk population. In 1998, 
the Framingham Heart Study Group suggested an algo-
rithm able to estimate a 10-year risk of coronary heart 
disease (CHD) [15]. Following the Framingham risk score 
(FRS), several multivariate risk-predicting system with 
slightly different primary outcomes have been intro-
duced. In 2002, the National Cholesterol Education Pro-
gram Expert Panel published the Adult Treatment Panel 
III (ATP III) for the management of high blood choles-
terol, presenting the revised FRS targeting a 10-year risk 
of hard CHD, which was composed of only myocardial 
infarction and CHD death [16]. Later in 2008, the Fram-
ingham Heart Study Group generalized its outcome to 
the 10-year risk of atherosclerotic cardiovascular disease 
(ASCVD), covering CHD, stroke, peripheral arterial dis-
ease, and congestive heart failure [17]. In 2013, the Amer-
ican College of Cardiology/American Heart Association 
(ACC/AHA) guideline on the assessment of CV risk sug-
gested an equation to approximate a 10-year risk for the 
first hard ASCVD, including nonfatal myocardial infarc-
tion/CHD death and nonfatal/fatal stroke [18].

However, along with the development of new diagnos-
tic technologies rescuing human being from CV risks, 
there have been critics against traditional risk scores, 
presenting the inaccuracy of prior multivariable CV risk 
prediction models [19]. In fact, many CV events occur 
in individuals who were not identified as high-risk pa-
tients by previous CV risk scores in real-world [20]. In 
this context, newer methods have been introduced to 

increase the capability of CV risk. As one of those novel 
tools, PWV has been investigated in many clinical stud-
ies, being revealed to have the value in the prediction of 
future CVD [21,22].

To date, data on direct comparison between PWV and 
CV risk scores have been limited [15]. It is necessary to 
realize the relevance of PWV to a risk score before re-
vealing the prognostic power of PWV. Therefore, the 
purpose of this study is to investigate the relationship 
between the baPWV value and aforementioned CV 
risk-predicting scores.

METHODS

Study population
Between September 2012 and July 2013, consecutive 
subjects who visited Seoul Metropolitan Government 
Seoul National University Boramae Medical Center 
(Seoul, Korea) for health examination were retrospec-
tively reviewed. A total of 819 subjects who underwent 
baPWV measurement as part of CV examinations 
were initially screened for the study. Subjects with a 
history of previous CHD or stroke (n = 132), those with 
unavailable information to calculate the CV risk (n = 
108), those with atrial fibrillation (n = 23) and lower 
ankle brachial index (ABI; < 0.9) (n = 17) were exclud-
ed from the study, leaving 539 subjects to be finally 
analyzed. All study subjects were medically stable at 
the time of health checkup. The information on med-
ical history, including hypertension, diabetes melli-
tus, dyslipidemia, and smoking habits, was obtained 
by a standardized questionnaire. Body mass index 
(BMI) was calculated as body weight (kg) divided by 
the square of body height (m). Systolic and diastol-
ic blood pressures (SBP and DBP) were measured at 
right upper arm by a trained nurse. All subjects un-
derwent laboratory tests by sampling venous blood 
in the morning after overnight fasting. White blood 
cell (WBC) count, hemoglobin, concentration and se-
rum levels of fasting glucose, total cholesterol, low 
density lipoprotein cholesterol (LDL-C), high density 
lipoprotein cholesterol (HDL-C), triglyceride, creati-
nine, and C-reactive protein were measured by an au-
tomated enzymatic procedure. Estimated glomerular 
filtration rate was calculated using four-component 
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MDRD (Modification of Diet in Renal Disease study) 
equation incorporating age, race, sex, and serum cre-
atinine level [23].

baPWV measurement
In this study, baPWV was measured by using the pre-
viously described protocol [12]. Regular medications, 
caffeine ingestion and cigarette smoking were not 
allowed before the measurement. All measurements 
were conducted in a quiet room at a constant tem-
perature. Subjects were examined in the supine po-
sition after at least 5 minutes of rest, and baPWV was 
measured by a volume-plethysmographic apparatus 
(VP-1000, Colin Co. Ltd., Komaki, Japan) according 
to the manufacturer’s instructions. Phonogram and 
pulse volume waveform were stored with cuffs placed 
around both the brachia and the ankles. The mean 
value of the right- and left-sided baPWV was used 
for the analysis. Blood pressure and heart rate were 
measured and recorded by the same device. Each of 
baPWV values measurements was performed by the 
same experienced investigator who was blinded to 
the subjects’ clinical information. The intraobserver 
coefficient of variation of the baPWV measurement 
was about 5% in our laboratory.

Calculation of CV risk scores
Four different scoring systems (FRS [1998], ATP III 
revised FRS [2002], generalized FRS against total 
CVD [2008], and ACC/AHA first hard ASCVD risk 
equation [2013]) were used to calculate the estimates 
of each subject’s CV risk in the next 10 years. Table 1 
shows the characteristics of these risk scores, which 
includes data source, covariates, and outcome pa-
rameters. In this study, risk scores were calculated 
from age, gender, the status of hypertension, diabe-
tes mellitus, smoking, and blood levels of total or 
LDL-C and HDL-C. Hypertension was defined as the 
use of anti-hypertensive medications or SBP ≥ 140 
mmHg and/or DBP ≥ 90 mmHg. Diabetes mellitus 
was defined as the use of oral hypoglycemic medica-
tions or insulin or serum fasting glucose level ≥ 126 
mg/dL. Subjects were classified as smokers if they 
had smoked regularly during previous 12 months.
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Statistical analysis
Continuous variables were expressed as mean ± standard 
deviation (SD) or median with interquartile range, and 
categorical variables as number with percentages. Com-
parison of means and proportions between genders was 
performed using Student t test or Mann-Whitney test 
and the chi-square test, as the type of variables. As CV 

risk scores were based on ranks without the assumption 
of normal distribution, Spearman’s rank correlation 
analyses were used to investigate the power of linear cor-
relation between risk scores and baPWV. The correla-
tion was displayed by scatter plots. Gender difference 
of the correlation coefficients was analyzed by Fischer 
r-to-Z-transformation method. Linear correlation anal-

Table 2. Clinical characteristics of study population

Characteristic Total (n = 539) Men (n = 270) Women (n = 269) p valuea

Age, yr 58.1 ± 12.2 55.9 ± 12.1 60.3 ± 12.0 < 0.001

Height, cm 162 ± 9 168 ± 6 155 ± 6 < 0.001

Weight, kg 65.5 ± 12.3 72.6 ± 11.5 58.5 ± 8.6 < 0.001

BMI, kg/m2 24.7 ± 3.4 25.3 ± 3.1 24.1 ± 3.5 < 0.001

SBP, mmHg 126 ± 14 126 ± 13 127 ± 16 0.184

DBP, mmHg 76.3 ± 9.4 77.5 ± 9.1 75.2 ± 9.5 0.005

Traditional risk factors

Hypertension 284 (52.7) 140 (51.9) 144 (53.5) 0.696

Diabetes mellitus 92 (17.1) 46 (17.0) 46 (17.1) 0.984

Dyslipidemia 313 (58.1) 155 (57.4) 158 (58.7) 0.755

Smoking 136 (25.2) 133 (49.3) 3 (1.1) < 0.001

Laboratory findings

WBC, /µL 6,485 ± 1,819 6,793 ± 1,897 6,171 ± 1,681 < 0.001

Hemoglobin, g/dL 14.0 ± 1.6 14.9 ± 1.4 13.0 ± 1.2 < 0.001

Fasting glucose, mg/dL 105.5 ± 23.5 105.7 ± 20.8 105.2 ± 25.9 0.796

Total cholesterol, mg/dL 185 ± 36 183 ± 38 187 ± 33 0.275

HDL-C, mg/dL 49.2 ± 11.1 45.6 ± 9.9 52.8 ± 11.1 < 0.001

LDL-C, mg/dL 117 ± 34 117 ± 35 116 ± 32 0.801

Triglyceride, mg/dL 127 ± 69 139 ± 75 115 ± 60 < 0.001

hs-CRP, mg/dL 0.22 ± 0.48 0.25 ± 0.53 0.18 ± 0.40 0.328

eGFR, mL/min/1.73 m2 87.6 ± 19.5 87.6 ± 17.8 87.6 ± 21.1 0.998

baPWV, cm/sec 1,511 ± 253 1,480 ± 224 1,542 ± 275 0.005

Framingham risk score (1998) 6.0 (4.0–8.0) 6.0 (3.75–7.0) 7.0 (4.0–10.0) < 0.001

ATP III revised FRS (2002) 13.0 (10.0–15.0) 12.0 (10.0–14.0) 14.0 (11.0–17.0) < 0.001

Generalized FRS against total CVD (2008) 13.0 (9.0–16.0) 14.0 (10.0–17.0) 12.0 (7.5–15.0) < 0.001

ACC/AHA first hard ASCVD risk  
equation (2013)

8.1 (3.2–16.2) 10.4 (5.4–18.7) 5.7 (1.8–13.1) < 0.001

Values are presented as mean ± SD, number (%), or median (interquartile range).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; HDL-C, high den-
sity lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; eGFR, es-
timated glomerular filtration rate; baPWV, brachial-ankle pulse wave velocity; ATP, Adult Treatment Panel; FRS, Framingham 
risk score; CVD, cardiovascular disease; ACC/AHA, American College of Cardiology/American Heart Association; ASCVD, ath-
erosclerotic cardiovascular disease.
ap value was obtained from the comparison between men and women.
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yses (Pearson or Spearman, along with the distributive 
nature of variables) between baPWV and conventional 
CV risk factors were then followed. A p value < 0.05 was 
considered statistically significant. For statistical anal-
yses, we used a SPSS version 19 (IBM Co., Armonk, NY, 
USA) and R version 3.1.2 (http://www.r-project.org).

Ethics statement
An approval for the study protocol was obtained from 
the Institutional Review Board (IRB) of Seoul Metropol-
itan Government Seoul National University Boramae 
Medical Center (Seoul, Korea) (IRB No. 16-2013-23). In-
formed consent was waived by IRB due to the routine 
nature of the information collected and retrospective 
study design.

RESULTS

Table 2 shows clinical characteristics of the study pop-
ulation by gender. The mean age was 58.1 ± 12.2 years, 
and 269 (49.9%) were women. The proportions of the 
study subjects with hypertension, diabetes mellitus, 
and dyslipidemia were 52.7%, 17.1%, and 58.1%, respec-
tively. About a quarter of them were smokers. Women 
were older (60.3 ± 12.0 years vs. 55.9 ± 12.1 years, p < 0.001), 
and had lower BMI than men. DBP was lower in women 
than in men. The incidence of traditional risk factors, 
including hypertension, diabetes mellitus, and dyslipid-
emia were not different in both genders, except a lower 
proportion of smokers in women than men. In labora-
tory findings, women showed lower WBC count, hemo-
globin concentration and triglyceride level, and higher 

Table 3. Correlations between brachial-ankle pulse wave velocity and cardiovascular risk scores

Cardiovascular risk scores Total (n = 539)
Simple linear correlations

Men (n = 270) Women (n = 269)  p valuea

FRS (1998) 0.577b 0.451b 0.649b < 0.001

ATP III revised FRS (2002) 0.594b 0.411b 0.719b < 0.001

Generalized FRS against total CVD (2008) 0.589b 0.540b 0.735b < 0.001

ACC/AHA first hard ASCVD risk equation (2013) 0.571b 0.552b 0.699b 0.005

FRS, Framingham risk score; ATP, Adult Treatment Panel; CVD, cardiovascular disease; ACC/AHA, American college of cardi-
ology/American heart association; ASCVD, atherosclerotic cardiovascular disease.
a p value for difference was obtained from the comparison of correlations between men and women by using the Fisher’s 
Z-transformation method.

bCorrelation was significant at the 0.001 level (2-tailed).

Table 4. Correlations between brachial-ankle pulse wave velocity and conventional cardiovascular risk factors

Variable
Men (n = 270) Women (n = 269)

r p value r p value

Age, yr 0.457 < 0.001 0.607 < 0.001

BMI, kg/m2 –0.051 0.422 0.194 0.002

SBP, mmHg 0.599 < 0.001 0.616 < 0.001

DBP, mmHg 0.429 < 0.001 0.361 < 0.001

Fasting glucose, mg/dL 0.153 0.012 0.311 < 0.001

Total cholesterol, mg/dL –0.056 0.358 –0.094 0.124

HDL-C, mg/dL –0.014 0.823 –0.200 0.001

LDL-C, mg/dL –0.053 0.383 –0.079 0.196

Triglyceride, mg/dL –0.063 0.306 0.212 < 0.001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high density lipoprotein cholester-
ol; LDL-C, low density lipoprotein cholesterol.
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r = 0.451, p < 0.001
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Figure 1. Scatter plots of linear correlations between brachial-ankle pulse wave velocity (baPWV) and cardiovascular risk 
scores. The scatter plots briefly demonstrate the significant between-gender difference of the degree of correlations (r, correla-
tion coefficient). FRS, Framingham risk score; ATP, adult treatment panel; ACC/AHA, American College of Cardiology/Ameri-
can Heart Association.
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HDL-C level than men. The mean value of baPWV was 
higher in women than in men (1,542 ± 275 cm/sec vs. 
1,480 ± 224 cm/sec, p = 0.005). Ten-year CV risk scores 
from FRS (1998) and ATP III revised FRS (2002) were also 
higher in women than in men. In contrast, those from 
generalized FRS against total CVD (2008) and ACC/AHA 
first hard ASCVD risk equation (2013) were higher in 
men than in women.

The baPWV value showed moderate positive correla-
tions with all four CV risk scores (correlation coefficient 
[r] = 0.577 for FRS [1998]; r = 0.594 for ATP III revised FRS 
[2002]; r = 0.589 for generalized FRS against total CVD 
[2008]; and r = 0.571 for ACC/AHA first hard ASCVD risk 
equation [2013]; with p values < 0.001 for each). Stronger 
correlations were observed in women than in men (p for 
gender difference ≤ 0.005 for each) (Table 3). Simple lin-
ear correlations between baPWV and CV risk scores are 
displayed by scatter plots in Fig. 1.

Table 4 shows the correlations between baPWV and 
conventional CV risk factors, most of which are includ-
ed in CV risk scores. Age, fasting glucose level, SBP, and 
DBP were significantly correlated with baPWV in both 
men and women, while BMI, HDL-C, and triglyceride 
levels were significantly correlated only in women.

DISCUSSION

The results of this study demonstrated that baPWV is 
moderately correlated with four different CV risk scores, 
and that the correlation powers were significantly stron-
ger in women than in men for middle-aged and elderly 
Korean population without documented CVD. To the 
best of our knowledge, this is the first report demon-
strating direct relationship between baPWV and various 
CV risk scores in the view of gender difference. Our re-
sults imply the possible role of baPWV in the prediction 
of CV risk in healthy adults, especially for women.

Several studies have shown positive associations be-
tween arterial stiffness and CV risk scores. However, 
most of those studies used only FRS (1998), with pri-
mary outcome limited to CHD [8,24,25]. Recent pro-
spective studies have found that PWV is helpful in 
predicting the risk of ASCVD, including stroke and 
congestive heart failure as well as CHD [14,21,22,26,27]. 
There have been several CV risk-predicting algo-

rithms of which primary outcomes were different 
from that of the original FRS. However, studies on the 
correlation between arterial stiffness and revised or 
newly introduced risk scores have been scarce until 
now. In our study, moderate correlations of baPWV 
with various risk scores were found, suggesting that 
baPWV can be a useful predictor for assessing the risk 
of not only CHD, but also generalized ASCVD. Cor-
relation power between baPWV and FRS in our study 
was similar to that of previous studies [8,24].

We observed significant gender differences in the 
correlation between baPWV and CV risk scores. The 
correlation coefficients were stronger in women than 
in men, suggesting that the CV risk predictability of 
baPWV could be better in women than in men. Con-
sistent with our findings, there have been several pre-
vious studies indicating the gender difference of CV 
risk-predictive value of screening tools. A meta-anal-
ysis has shown that addition of ABI to FRS results in a 
higher substantial reclassification rate in women than 
in men [28]. Nambi et al. [29] have found that the ad-
ditive CV risk predictive value of intima-media thick-
ness and the presence of plaque of carotid artery are 
higher in women. Higashi et al. [30] have also found 
that left ventricular diastolic function has a stronger 
association with baPWV in healthy women than in 
healthy men. There is additional evidence to support 
that the relationship between PWV and CV parame-
ters is stronger in women than in men. In our pre-
vious study, we reported that the effects of metabolic 
syndrome and its components on baPWV are more 
pronounced in women than in men [11]. Holewijn et 
al. [31] have also demonstrated a higher additive prog-
nostic value of cfPWV in women compared to men. 
Along with these findings, our result highlights the 
evidence to support more powerful value of baPWV 
in women than in men. In contrast, a few studies have 
reported that improvement of CV risk predictabili-
ty by addition of cfPWV to standard risk factors was 
independent of gender [32,33]. These conflicting find-
ings emphasize the need for further research with a 
special focus on the gender difference of CV risk pre-
diction with PWV.

The pathophysiology of the gender difference in CV 
risk prediction has not yet been clearly understood. 
Our results showed that age and blood pressure were 
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significantly correlated with baPWV in both genders, 
but BMI, fasting glucose, HDL-C, and triglyceride lev-
el showed significant correlations with baPWV only 
in women, which is a similar result with a study by 
Fujiwara et al. [34]. This finding implies that, especial-
ly in women, various CV and metabolic risk factors 
other than blood pressure and age are closely relat-
ed to baPWV. It is therefore not surprising that cor-
relations between baPWV and risk scores, composite 
of traditional risk factors, were more pronounced in 
women. In addition, there was a possibility that sev-
eral factors such as older age and lower prevalence of 
cigarette smoking in women, as shown in our study, 
may contribute to the gender difference. Increased 
differences in CV risk patterns in women than men 
with aging and hormonal changes may be another 
important factor affecting the gender difference [35]. 
Further studies on precise mechanism responsible 
for the gender difference are warranted.

To date, the cfPWV value has been considered the 
gold standard noninvasive method to assess arterial 
stiffness [7]. However, cfPWV measurement demands 
operator's skill and causes patient's inconvenience 
during the examination of the carotid and femoral ar-
teries. Otherwise, baPWV measurement is simple by 
wrapping the cuffs around brachial and posterior tib-
ial arteries. Regardless of the difference in measuring 
procedure, baPWV is well correlated with cfPWV [9] 
and invasive methods [36]. More important, prognos-
tic value of baPWV has been validated in many clin-
ical studies [10,37] and meta-analyses [14]. Therefore, 
baPWV has been emerged as a more effective way to 
assess arterial stiffness in large-scale populations [38]. 
Our study showed that the correlation between baP-
WV and CV risk scores was more powerful in women 
than in men, implying that the gender effect should 
be considered when we use baPWV to assess CVD 
risk. Also, it has been suggested that traditional risk 
factors do not properly reflect patients' risk, notably 
for women [39]. In this context, further longitudinal 
studies focusing on gender differences are warranted 
to clarify if baPWV can be used as a more useful pre-
dictive tool especially in women.

Besides retrospective design, this study has sever-
al limitations. First, the study was cross-sectional, and 
clinical follow-up data were not available. By these 

reasons, the association between baPWV and CV risk 
scores cannot certainly indicate a causal relationship, 
and the predictive value of baPWV could not be direct-
ly assessed. Second, as the data regarding medications 
are missing, the effect of drugs such as anti-hyperten-
sive and lipid-lowering agents on baPWV was ignored 
in our study. Third, as the target population of the CV 
risk scores used in our study was mainly non-Hispan-
ic Whites and African-Americans, there would be some 
discrepancy applying the algorithms to Koreans. Finally, 
as our data was from middle-aged and elderly Korean, 
generalization to other population is difficult.

In conclusion, in middle-aged and elderly Korean 
adults without a history of pre-existing CVD, baPWV 
had a moderately positive correlation with four differ-
ent CV risk scores. However, the correlations were more 
powerful in women than in men. Thus, baPWV could 
perform better in predicting CV risk of healthy popula-
tion, especially for women. Longitudinal studies with a 
larger sample size are needed to confirm our findings.
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