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Abstract:
Objective Coronary artery disease (CAD) is one of the clinical categories of atherosclerotic diseases. There

have been reports indicating that the pathological findings of coronary artery plaque differ between acute

coronary syndrome (ACS) and effort angina pectoris (EAP). The brachial-ankle pulse wave velocity (baPWV)

has been reported to be a good indicator of atherosclerotic disease. However, the baPWV may not be equally

effective for evaluating ACS and EAP. In this study, we compared the baPWV in patients with ACS and

those with EAP.

Methods Two hundred and seventy patients were enrolled in this study. All patients underwent coronary an-

giography, and were separated into normal (CONT), ACS and EAP groups according to the clinical and coro-

nary angiographic findings. The baPWV was evaluated and the results were compared among the groups.

Results The baPWV was significantly higher in the EAP group than in the other groups. The baPWV in

the ACS group was almost the same as that of the CONT group and was significantly higher in the EAP

group than in the ACS group across almost all age groups.

Conclusion The present study showed that the baPWV is high in patients with EAP. In contrast, the

baPWV in the ACS group was almost normal and was similar to that of the CONT group. ACS occurs due

to plaque rupture induced by atherosis, which may occur independent of sclerosis in the coronary artery. EAP

may occur in proportion to systemic arterial sclerosis. The baPWV is suitable for screening for EAP, but not

for ACS.
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Introduction

Coronary artery disease (CAD) is one of the most impor-

tant atherosclerotic cardiovascular diseases. It has two major

clinical features: acute coronary syndrome (ACS) and effort

angina pectoris (EAP). It has been reported that the patho-

logical findings of coronary artery plaque differ between pa-

tients with ACS and those with EAP (1-3) even though

these two conditions occur due to atherosclerosis. The rela-

tionship between systemic atherosclerosis and the clinical

features of CAD have not been fully examined. The

brachial-ankle pulse wave velocity (baPWV) is a useful

marker of arterial stiffness and a good predictor of athero-

sclerotic diseases (4-7). We examined baPWV to evaluate

systemic atherosclerosis and compared the values between

ACS and EAP patients.

Materials and Methods

We examined the baPWV in 270 patients who underwent

first-time coronary angiography (CAG) at our hospital. The
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Table　1.　Characteristics of Study Patients.

CONT

(n=20)

ACS

(n=156)

EAP

(n=94)
p value

Age (yrs) 66.3±9.7 62.1±11.5 67.4±9.2* p<0.001

M/F (n) 18/2 128/23 73/19 np

BMI (kg/m2) 22.6±2.2 24.0±3.0 24.2±2.9 np

Hypertension (%) 45.0 52.0 65.2 np

Smoking (%) 40.0 61.1 47.8 np

Diabetes (%) 15.8 33.1 42.4 np

T. chol (mg/dL) 195.0±27.1 188.1±34.3 191.0±30.2 np

Triglyceride (mg/dL) 121.0±63.9 129.3±60.9 141.1±63.4 np

HDL (mg/dL) 56.5±17.9 41.3±13.2** 46.2±12.9*** p<0.0001

LDL (mg/dL) 117.7±22.6 122.3±30.1 119.2±28.1 np

Non HDL (mg/dL) 138.6±26.4 146.6±34.3 144.0±29.5 np

HbA1c 5.23±0.22 5.55±0.63 7.10±7.46 p<0.05

Mean number of vessel diseases 0 1.48 1.74 p<0.01

Data are expressed as n (%) or mean±SD. BMI: body mass index, LDL: low-density lipoprotein, HDL: 

high-density lipoprotein, RLP: remnant-like particle

*p<0.001 vs. ACS ** p<0.01 vs. CONT ***p<0.01 vs. ACS

Figure　1.　A comparison of the baPWV among the CONT, 
ACS and EAP groups. The baPWV was significantly higher in 
the EAP group than in the ACS group. baPWV: brachial-ankle 
pulse wave velocity
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patients were divided into three groups: those with ACS,

those with EAP and those without significant stenosis of

coronary arteries (CONT). One hundred and fifty-six pa-

tients with ACS were diagnosed based on chest pain coupled

with ST segment changes on electrocardiography (ECG) and

angiographically significant coronary artery stenosis or oc-

clusion with thrombus. Ninety-four patients with EAP were

diagnosed based on chest tightness on effort and �75%

coronary artery stenosis on angiography according to the

American Heart Association standards. The remaining 20

patients, placed in the CONT group, were suspected to have

CAD, but CAG did not reveal significant stenosis. None of

the patients had a history of intermittent claudication or

treatment for peripheral artery disease.

For ACS patients, blood samples were obtained after 12

hours of fasting and baPWV was measured when the clini-

cal status was stable, i.e. approximately 2 weeks after ad-

mission. For EAP and CONT patients, blood samples were

obtained after 12 hours of fasting on the second day of ad-

mission and baPWV was measured on the day after admis-

sion. The baPWV was assessed after about 20 minutes of

bed rest, as the value can be influenced by blood pressure.

The baPWV was automatically measured and calculated us-

ing form pulse wave velocity (PWV)/ankle brachial index

(ABI) (OMRON COLIN, Tokyo, Japan). This device can

calculate the ABI simultaneously. The patients with an ABI

under 0.9 were excluded from the study, as the baPWV is

inaccurate if the ABI is under 0.9.

It has been reported that the baPWV increases with age.

Therefore, we compared the baPWV between the patients

with ACS and those with EAP according to different age

groups.

We separated the patients into four age groups: younger

than 60 years old (<60), 60 to 69 (60s), 70 to 79 (70s) and

80 and above (�80). All study protocols conformed to the

requirements of the Declaration of Helsinki.

Statistical analysis

Statistical results are expressed as the mean ± standard

deviation. The data were analyzed using Student’s t-test for

comparisons between two groups and an analysis of vari-

ance for comparisons between multiple groups. The chi-

squared test was used for all rate comparisons. The relation-

ships between the clinical variables and the baPWV were

evaluated using univariate linear regression analysis, and the

variables that correlated with baPWV (p<0.1) were tested

for independence using multivariate linear regression analy-

sis. A p value of <0.05 was considered statistically signifi-

cant. Statistical analyses were performed using the JMP10

software program for Macintosh (SAS Institute, Cary, USA).
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Table　2.　Univariate and Multivariate Regression Analysis of 
BaPWV.

Univariate Multivariate

r p value β SE p value

Age 0.561 <0.0001 0.495 1.939 <0.0001

BMI -0.053 0.393

Digagnosis 0.280 <0.0001 0.186 33.66 0.0003

Hypertension 0.184 0.003 0.069 40.01 0.1724

Smoking -0.248 <0.0001 -0.076 41.48 0.145

Diabetes 0.159 0.01 0.129 41.08 0.01

T.chol -0.008 0.891

Trigriceride -0.058 0.355

HDL-cholerterol 0.049 0.434

LDL-cholesterol -0.052 0.407

Variables with p value<0.1 on univariate analysis were incorporated into the mul-

tivaliate  models

(adopted factors: Age, Diagnosis, Hypertension, Smoking, Diabetes). BMI: body 

mas index, LDL: low-density lipoprotein, HDL: high-density lipoprotein, RLP: 

remnant-like particle

Figure　2.　A comparison of baPWV between the ACS and 
EAP groups for the four age groups. The baPWV was signifi-
cantly high in the EAP group for patients in the <60, 60s and 
70s age group. *: p <0.05 **: p <0.01 ***: p <0.001. baPWV: 
brachial-ankle pulse wave velocity
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Results

The clinical characteristics of the patients are shown in

Table 1. No significant differences were identified among

the groups in terms of gender, body mass index, rate of hy-

pertension, diabetes and smoking status. However, the age

was significantly higher in the EAP group than in the other

groups. Significant differences were observed in the lipid

levels, including remarkably different triglyceride and high-

density lipoprotein-cholesterol levels. The mean number of

vessel diseases was significantly high in the EP group than

in the other groups.

Fig. 1 shows the results for the baPWV, which were sig-

nificantly higher in the EAP group than in the ACS group (p

<0.0001). Table 2 showed the results of univariate and mul-

tivariate regression model analysis. Age was the most influ-

encial factor for the baPWV, so we compared the baPWV

between the ACS and EAP groups for the four age groups,

with the results shown in Fig. 2. For the patients in the <60,

60s, and 70s age groups, the baPWV was significantly

higher in the EAP group than in the ACS group (p<0.05, p<

0,001, p<0.01, respectively).

Discussion

ACS and EAP are different not only in clinical findings

but also in pathological findings for the coronary artery.

Coronary artery plaque in ACS patients is known as vulner-

able plaque and is characterized by lipid pooling, a thin fi-

brous cap (1, 2) and inflammatory cell infiltration (3). A

rupture of coronary artery plaque is the trigger for

ACS (4, 5). Therefore, systemic atherosclerosis may differ

between these two conditions.

baPWV is one of the most widely used methods for

evaluating aortic stiffness. There have been reports that the

baPWV is a good predictor of cardiovascular disease (6-9)

and that coronary artery calcium in patients with high

baPWV progresses rapidly (10). In the present study, we

compared the baPWV among CONT, ACS and EAP groups.

The baPWV was significantly higher in the EAP group than

in the other groups. The baPWV in the ACS group was al-

most normal and was similar to that of the CONT group.

However, the CONT patients in this study are not normal

control patients. They were suspected of having CAD and

underwent coronary angiography, because they had some

coronary risk factors and chest pain. These findings indicate

that the systemic artery in patients with ACS is not exces-

sively stiff or sclerotic.

The age was significantly higher in the EAP group than

in the other groups. Since the baPWV increases with
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age (11), we compared the values between the ACS and the

EAP groups across different age groups. In both disease

groups, the baPWV increased with age; however, the

baPWV in the EAP group was significantly higher in almost

all age groups than in the ACS group. In the patients over

80 years of age, there were no statistical differences between

the two groups, but the EAP group had higher values. The

baPWV in the ACS group in patients younger than 60 years

of age was within the normal range. Therefore, baPWV

measurement was not useful for the prediction of ACS in

the younger patients.

ACS patients underwent baPWV about two weeks after

admission. The start of medication, rehabilitation and diet

for ACS patients was not constant. It has been reported that

several medications or treatments improve the

baPWV (12-15). However, because these treatment would

have over two months to induce any improvement, we be-

lieve that the influence was small.

The baPWV is influenced by sclerosis and calcification of

the arterial media (16), and atherosis of the arterial intima

plays an important role in the onset of ACS (17). Given the

present findings, we believe that atherosis and sclerosis do

not necessarily develop simultaneously. These results sug-

gest that coronary atherosclerosis or stenotic changes in

EAP patients occur as systemic arterial stiffness develops.

However, in ACS patients, vulnerable plaque development

is not concurrent with systemic artery stiffness. In EAP pa-

tients, chest symptoms appear when the coronary artery

stenotic lesion exceeds 75% of the artery, but in ACS, it oc-

curs when coronary artery stenosis is under 50% (18-20).

The significant difference in the baPWV between the two

groups may be influenced by the difference in coronary ar-

tery stenosis. We concluded that the baPWV is a good pre-

dictor for EAP, but not for ACS.

ACS occurs suddenly, and progresses rapidly, often caus-

ing sudden death. At present, it is difficult to predict and de-

tect ACS before its occurrence. We believe that measuring

the baPWV is an effective method of predicting EAP. How-

ever, the early detection and adequate treatment of coronary

risk factors may be even more effective for preventing ACS.

The authors state that they have no Conflict of Interest (COI).

References

1. Davies MJ, Thomas AC. Plaque fissuring-the cause of acute myo-

cardial infarction, sudden ischemic death, and crescendo angina.

Br Heart J 53: 363-373, 1985.

2. Falk E. Plaque rupture with severe pre-existing stenosis precipitat-

ing coronary thrombosis; characteristics of coronary atherosclerotic

plaques underlying fatal occlusive thrombi. Br Heart J 50: 127-

134, 1983.

3. van der Wal AC, Becker AE, van der Loos CM, et al. The site of

intimal rupture or erosion of thrombosed coronary atherosclerotic

plaque is characterized by an inflammatory process irrespective of

dominant plaque morphology. Circulation 89: 36-44, 1994.

4. Fuster V, Badimon L, Badimon JL, et al. The pathogenesis of

coronary aretery disease and the acute coronary syndromes. N

Engl J Med 326: 242-250, 310-318, 1992.

5. van der Wal AC, Becker AE, van der Loos CM, et al. The site of

intimal rupture or erosion of thrombosed coronary atherosclerotic

plaque is characterized by an inflammatory process irrespective of

dominant plaque morphology. Circulation 89: 36-44, 1994.

6. Ninomiya T, Kojima I, Doi Y, et al. Brachial-ankle pulse wave ve-

locity predicts the development of cardiovascular disease in a gen-

eral Japanese population: the Hisayama Study. J Hypertens 31:

477-483, 2013.

7. Orlova IA, Nuraliev EY, Yarovaya EB, Agreev FT. Prognostic

value of changes in arterial stiffness in men with coronary artery

disease. Vasc Health Risk Manag 6: 1015-1021, 2010.

8. Takashia N, Turin TC, Matsui K, et al. The relationship of

brachial-ankle pulse wave velocity to future cardiovascular disease

events in the general Japanese population the Takashima Study. J

Hum Hypertens 28: 323-327, 2014.

9. Ishisone T, Koeda Y, Tanaka F, Sato K, Nagano M, Nakamra M.

Comparison of utility of arterial stiffness parameters for predicting

cardiovascular events in the general population. Int Heart J 54:

160-165, 2013.

10. Lee JY, Ryu S, Lee SH, et al. Association between brachial-ankle

pulse wave velocity and progression of coronary artery calcium: a

prospective cohort study. Cardiovasc Diabetol 14: 147, 2015.

11. Munakata M. Brachiak-ankle pulse wave velocity in the measure-

ment of arterial stiffness: recent evidence and clinical applications.

Curr Hypertens Rev 10: 49-57, 2014.

12. Sasamura H, Kitamura Y, Nakamura M, Ryuzaki M, Saruta T. Ef-

fects of the angiotensin receptor blocker candesartan on arterial

stiffness and markers of extracellular matrix metabolism in pa-

tients with essential hypertension. Clin Exp Hypertens 28: 511-

520, 2006.

13. Dengel DR, Kelly AS, Olson TP, et al. Effects of weight loss on

insulin sensitivity and arterial stiffness in overweight adults. Me-

tabolism 55: 907-911, 2006.

14. Koshiba K, Nomura M, Nakaya Y, Ito S. Efficacy of glimepiride

on insulin resistance, adipocytokines, and atherosclerosis. J Med

Invest 53: 87-94, 2006.

15. Okamoto T, Masuhara M, Ikuta K. Effects of eccentric and con-

centric resistance training on arterial stiffness. J Hum Hypertens

20: 348-354, 2006.

16. Bramwell JC, Hil AV. The velocity of the pulse wave in man. Proc

R Soc Lond B 93: 298-306, 1922.

17. Steinberg D, Parthasarathy S, Carew E, et al. Beyond cholesterol.

Modifications of low-density lipoprotein that increase its athero-

genicity. N Engl J Med 320: 915-924, 1989.

18. Little WC, Constantinescu M, Applegate RJ, et al. Can coronary

angiography predict the site of a subsequent myocardial infarction

in patients with mild-to-moderate coronary artery disease? Circula-

tion 78 (5 Pt 1): 1157-1166, 1988.

19. Nobuyoshi M, Tanaka M, Nosaka H, et al. Progression of coro-

nary atherosclerosis: is coronary spasm related to progression? J

Am Coll Cardiol 18: 904-910, 1991.

20. Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circula-

tion 92: 657-671, 1995.

The Internal Medicine is an Open Access article distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/

by-nc-nd/4.0/).

Ⓒ 2018 The Japanese Society of Internal Medicine

Intern Med 57: 1371-1374, 2018


