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Background Arterial wave reflection is a major determinant of left ventricular function, coronary perfusion and cardio-
vascular risk. We investigated whether arterial wave reflection may detect atherosclerosis of peripheral arteries in patients
with documented coronary artery disease (CAD).

Methods Radial artery applanation tonometry and pulse wave analysis was performed in 184 patients with documented
CAD at coronary angiography; central blood pressures and augmentation index (Al) were measured. Ankle-brachial (ABI)
index and intima-media thickness (IMT) were used as indices of atherosclerosis of the lower limbs and the carotid arteries
respectively.

Results Patients with abnormal IMT (>0.7 mm, first tertile) or ABI (<0.94, first tertile) had higher Al than patients with
lower IMT or higher ABI (24117 versus 17+16% and 23+ 18 versus 18 13%, respectively, P<0.05). In multivariate
analysis, increasing Al was associated with age, female gender, heart rate, mean blood pressure, hyperlipidaemia, and use
of statins (regression coefficient (§)=0.50, p=0.15, p=-0.60, §=0.23, $=0.16 and p= -0.14, respectively, P<0.05).
Increasing Al was associated with an adjusted-odds ratio of 1.035 [95% confidence interval (Cl), 1.005-1.0661, P=0.02 for
an abnormal IMT and of 1.08 (95% Cl, 1.024-1.146), P=0.005 for ABI after adjustment for age, gender, heart rate, height,
blood pressure, atherosclerotic risk factors, obesity and medication. No relation was found between Al and Gensini score or
for the number of diseased coronary vessels.

Conclusion Augmentation index is a marker of extensive extracoronary atherosclerosis in patients with CAD. Eur J
Cardiovasc Prev Rehabil 13:236-242 © 2006 The European Society of Cardiology
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Introduction

Increased arterial wave reflection leads to augmentation
of the central arterial pressure and rise of the pulse
pressure, affecting the function and structure of the left
ventricle, as well as coronary perfusion; many studies have
shown the importance of increased pulse pressure and
arterial wave reflection as markers of cardiovascular risk in
normotensive and hypertensive patients, end-stage renal
failure and patients with coronary artery disease [1-5].
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The association of arterial wave reflection to athero-
sclerosis has not been fully defined; local arterial stiffness
assessed in the aorta has been shown to be abnormal in
patients with coronary artery disease [6,7], especially
those with multi-vessel disease. On the contrary Megnien
et al. [8] showed that arterial stiffening assessed by
carotid to femoral artery pulse wave velocity could not
predict the presence of coronary or extracoronary athero-
sclerosis in asymptomatic men. Recently, Weber ez 4/. [9]
have shown that increased values of pulse wave analysis
parameters values are associated with increased risk for
coronary artery disease (CAD) only in young men with
suspected CAD. Additionally lower extremity arterial
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compliance assessed by air plethysmography has been
associated with presence of significant coronary stenoses
in a cardiac catheterization laboratory referral population
[10]. Pulse wave analysis is a useful, non-invasive method
for assessing central blood pressure and augmentation
index, a measure of arterial wave reflection [11,12]; pulse
wave analysis has been previously used in subjects with
cardiovascular risk factors for atherosclerosis [13,14].
Furthermore, pulse wave velocity has been associated
with peripheral artery atherosclerosis in elderly subjects
[15] or high prevalence of carotid plaques in subjects with
atherosclerotic risk factors [16]. However, data about the
relation between arterial wave reflection and presence of
extracoronary atherosclerosis assessed by ankle—brachial
index [17] and carotid intima-media thickness [18] in
patients with documented CAD are lacking.

In the present study we examined whether enhanced
arterial wave reflection assessed by pulse wave analysis
may detect the presence of severe atherosclerosis in
peripheral arteries in patients with documented CAD.

Methods

Study population

Two hundred and thirty-five consecutive patients re-
ferred for elective coronary angiography for suspected
coronary artery disease comprised the study group. Of
those 51 were excluded because no significant coronary
vessel disease (> 50% stenosis, #» =51) was confirmed.
Thus, 184 patients with documented CAD were exam-
ined. Age was 61.3 = 10.9 years and 158 participants were
men; 113 patients had a history of myocardial infarction
with an ejection fraction > 50% at angiography, 11 had a
history of transient ischaemic attack, nine a history of
stroke and 34 intermittent claudication. Characteristics
of the study population are shown in Table 1. All patients
gave informed consent before entering the study and the
protocol was approved by the Local Ethics Committee.

Coronary angiography

Coronary angiography was performed in all patients using
standard Judkins technique via the right femoral artery.
The percentage diameter stenosis was evaluated by one
observer unaware of the results of vascular studies;
disposition between zero, one, two, or three vessel
disease group was based on the presence of a 50% or
greater diameter narrowing for each of the three main
coronary arteries. Gensini score was used for estimation
of the extent and severity of coronary atherosclerosis.
The ejection fraction was calculated during left ventri-
culography.

Biochemical studies

In the morning before cardiac catheterization, blood was
drawn after 12 hours of fasting for determination of the
following parameters using standard biochemical techni-
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Table 1 Characteristics of the study population
Number of patients (n) 184
Age (years) 61.3+10.9
Males (n) 158
Cholesterol (mg/dl) 208+54
Triglycerides (mg/dl) 125+ 69
HDL-cholesterol (mg/dl) 45+16
LDL-cholesterol (mg/dl) 129+ 41
BMI (kg/m?) 275+3.3
Smoking (n) 81
Hypertension (n) 74
Diabetes mellitus (n) 50
Ejection fraction (%) 655
Previous myocardial infarction (n) 113
Angina (n) 92
Gensini score 38.3+374
Common carotid artery IMT (mm) 0.81+0.22
Carotid bifurcation IMT (mm) 1.16+0.41
Ankle-brachial index 1.06+0.17

HDL, high-density lipoprotein; LDL, low-density lipoprotein; BMI, body mass
index; IMI, intima—media thickness.

ques: Cholesterol, triglycerides, high-density lipoprotein
(HDL) cholesterol and low-density lipoprotein (LLDL)
cholesterol (Friedewald formula).

Pulse wave analysis

All participants were examined the day after coronary
arteriography, in the morning hours and after a 10-min
rest period. Patients did not receive their medications on
the day of the examination. Blood pressure (systolic and
diastolic) was measured at the brachial artery using an
Omron 70SCP device. Arterial pressure waveforms were
recorded by applanating the radial artery with a hand-held
tonometer; pressure waveforms obtained by this method
have been validated before by comparing them with
waveforms obtained by high fidelity transducer within the
artery [3,11]. The systolic and diastolic blood pressures of
the brachial artery were used for the calibration of the
radial pulse wave. Central waveforms were then derived
from the radial artery waveforms by using a transfer
function as previously described [3,12]. The following
parameters were measured using the PWV Medical blood
pressure analysis system (Sphygmocor; ATCOR Medical,
Sydney, Australia): central systolic, diastolic and mean
pressure, central pulse pressure, augmentation pressure
and augmentation index (Fig. 1).

Measurement of carotid atherosclerosis

B-mode ultrasonographic examination was performed the
day after coronary angiography in all patients using
the same echo-Doppler ultrasound. Scanning included
left and right carotid arteries for the measurement of the
intima—media thickness (IMT). The carotid artery image
was focused in the far wall and two segments were
identified on each side: the distal 1.0 cm of the common
carotid proximal to the bifurcation and the carotid bulb,
as previously described [18]. The average IMT of all four
segments (right common carotid and bulb and left
common carotid and bulb) was used in the statistical
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Fig. 1
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Analysis of aortic pressure waveform. AP is the augmentation of systolic
aortic pressure due to early return of reflected waves. Augmentation
index (Al) is defined as the ratio of AP to aortic pressure and it
characterizes systemic arterial compliance and the pulsatile component
of left ventricular afterload.

analysis. All scans were recorded on S-VHS videotape for
off-line analysis. An intima—media thickness greater than
2 mm was defined as plaque.

Ankle-brachial index

This index was used as an estimate of the atherosclerotic
changes of the lower limbs and it was measured both at
left and right as previously described [17]. The average
value of the two sides was used in statistical analysis.

Statistical analysis

All data are presented as means = SD. SPSS (10.0
version; SPSS Inc., Chicago, Illinois, USA) software was
used for statistical analysis. Pearson chi-squared and
unpaired 7-test were used to analyse categorical and
continuous data respectively. Spearman’s correlation
coefficient was used to describe the correlation of
augmentation index with other parameters. Analysis of
variance was used to describe the differences between
patients with one, two or three vessel disease.

We prospectively chose to divide IMT, ABI and Gensini
score into tertiles (IMT: <0.7mm [z=61], 0.71-
0.86mm [#=61] and > 0.87mm [z =62]; ABI: <0.93
[z=62], 0.94-1.049 [#z=061], >1.05 [#=61]; Gensini
score: <17 [#=62], 18-33 [#=61], >34 [#=61])
[10]. Patients were categorized into groups based on the
tertiles of the measured IMT, ABI or Gensini score and
differences among groups in indices of systemic arterial
stiffness were examined by ANOVA. Because the values
of augmentation index for the second and third tertile of
IMT and of ABI were not statistically different, they were
combined for the final comparisons between subgroups
and for multivariate logistic regression analysis. The cut
off values for IMT (> 0.7 mm) and ABI ( < 0.94) used in

our analysis have been reported as the upper normal
limits for these markers, by other investigators [17-21].

The relation of Al (dependent variable) with the
patients’ clinical characteristics (age, gender, heart rate,
blood pressure, height, obesity [body mass index
(BMI) > 27 kg/mz], atherosclerotic risk factors and medi-
cation) was examined by multiple linear regression
analysis using the backward method.

Multivariable logistic regression analysis was performed
to examine the association of Al and the odds (95%
confidence intervals) of having an abnormal IMT
(>0.7mm), ABI (<0.94) or Gensini score (>17)
(dependent variables) in three different models. Each
multivariate model was constructed using the following
covariates: augmentation index, age, gender, heart rate,
mean blood pressure, smoking status, presence of
hyperlipidaemia, of diabetes mellitus, history of parental
CAD, obesity (BMI > 27 kg/mz), use of beta-blockers, of
calcium blockers, of nitrates, of angiotensin converting
enzyme inhibitors, of diuretics, and of statins. A P
value < 0.05 was considered statistically significant.

Results

Patients’ characteristics

Of the 184 patients with suspected CAD, 51 patients had
single vessel disease, 53 patients had two-vessel disease,
and 80 patients, three-vessel disease. Data from the
peripheral and central haemodynamics of the patient
population are shown in Table 2.

Relation of augmentation index with patients’ charac-
teristics

By linear regression analysis augmentation index (Al) was
related significantly to peripheral systolic (regression
coefficient [B] = 0.21, P = 0.04) and mean blood pressure
(Bp=0.23, P=0.02), heart rate (= -0.60, P<0.001),
age (B=0.50, P<0.001), female gender (B =0.15,
P =10.005), hyperlipidaecmia (f=0.16, P=0.003), use
of statins (= —0.14, P = 0.008) and use of nitrates (p =
- 0.15, P=0.007). Patients older than 57 years had
higher Al compared to younger patients (23.1*16.6
versus 17.9 = 18%, P =0.035). Females had higher Al
than men (28.9 * 20.5 versus 20.5 + 16.5%, P = 0.028).

Table 2 Peripheral and central haemodynamics in the study
population

Heart rate (beats per minute) 715+13.8
Systolic blood pressure (mmHg) 1225+17.7
Diastolic blood pressure (mmHg) 73.2x11.7
Central systolic pressure (mmHg) 109+16.6
Central diastolic pressure (mmHg) 73.3%+12
Central pulse pressure (mmHg) 35.7+13
Augmentation index (%) 21.3+171
Augmentation pressure (mmHg) 7517
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Table 3 Three different multivariable logistic regression models assessing the association of augmentation index with either abnormal

IMT, ABI, or high Gensini score

IMT>0.7 mm ABI<0.94 Gensini >17
OR (95% CI) P OR (95% CI) P OR (95% CI) P
Augmentation index 1.035 (1.005-1.066) 0.02 1.08 (1.024-1.146) 0.005 1.01 (0.97-1.04) 0.52
Mean blood pressure 1.019 (0.984-1.054) 0.28 0.99 (0.95-1.037) 0.73 0.97 (0.97-1.01) 0.15
Age 1.081 (1.039-1.124) <0.001 1.05 (1.001-1.103) 0.04 1.02 (0.98-1.06) 0.30
Heart rate 1.083 (0.099-1.071) 0.07 1.06 (1.02-1.11) <0.001 0.98 (0.95-1.02) 0.39
Female gender 0.56 (0.14-2.24) 0.41 1.02 (0.11-9.09) 0.98 0.20 (0.05-0.81) 0.02
Height 1.054 (0.99-1.118) 0.08 1.006 (0.92-1.10) 0.89 1. 001 (0.99-1.003) 0.71
Hyperlipidaemia 1.33 (0.55-3.22) 0.52 0.50 (0.15-1.56) 0.23 3 (0.50-3.32) 0.58
Smoking 1. 59 (0.66-3.82) 0.29 2.85 (1.06-7.64) 0.03 2.16 (1.01-5.00) 0.01
Diabetes 9 (1.2-12.3) <0.001 2.31 (0.61-8.66) 0.21 1.28 (0.46-3.53) 0.63
Parental CAD 1. 15 (0.46-2.8) 0.76 1.39 (0.42-4.5) 0.57 1.49 (0.57-3.90) 0.41
Obesity 1.71 (0.67-4.35) 0.25 1.27 (0.32-4.93) 0.72 0.89 (0.33-2.40) 0.82
Use of statins 0.44 (0.207-0.927) 0.03 0.79 (0.22-2.72) 0.70 2.84 (1.06-7.62) 0.03
Use of nitrates 0.65 (0.25-1.67) 0.38 2.22 (0.60-8.46) 0.22 2.18 (1.05-4.55) 0.04
Use of beta-blockers 0.68 (0.27-1.71) 0.41 0.57 (0.14-2.25) 0.42 0.56 (0.22-1.42) 0.23
Use of ACE inhibitors 1.067 (0.48-2.36) 0.83 2.12 (0.76-6.11) 0.14 1.32 (0.567-3.07) 0.51
Use of Ca antagonists 0.40 (0.146-1.11) 0.07 0.72 (0.19-2.75) 0.63 2.98 (0.98-7.78) 0.05
Use of diuretics 0.41 (0.143-1.35) 0.61 0.55 (0.16-1.45) 0.7 0.60 (0.21-1.50) 0.81

OR, odds ratio; Cl, confidence interval; IMT, intima—media thickness; ABI, ankle—brachial index; CAD, coronary artery disease; Obesity, a body mass index>27 kg/m2.
The cut-offs for IMT>0.7 mm, ABI<0.94 and Gensini score>17 correspond to the first tertile of IMT, ABI and Gensini score.

Table 4 Comparison of patients on statins to those without statin therapy

Variable Statins+n=79 Statins —n=105 P-value
Heart rate (beats/min) 71.9+135 70.8+13.9 ns
Age (years) 61.6+10.6 61.5+10.9 ns
Cholesterol (mg/dl) 212+59 205+49 ns
LDL-cholesterol (mg/dl) 128+ 44 129+37 ns
Triglycerides (mg/dl) 132+ 76 119+65 ns
HDL-cholesterol (mg/dl) 45.8+18 46.1+£14.9 ns
BMI (kg/m?) 28+3.1 272+35 ns
Hypertension (n) 55 64 ns
Previous myocardial infarction (n) 59 48 P=0.003
Gensini score 50.2+41.3 28.5+£31.2 P<0.001
Systolic blood pressure (mmHg) 116175 127+£17.9 P<0.001
Diastolic blood pressure (mmHg) 71.2+10.8 73.6+12.9 ns
Mean blood pressure (mmHg) 85.2+11.7 90.4+13.5 P=0.003
Augmentation pressure (mmHg) 6.4+6.2 8.7+76 P=0.019
Augmentation index (%) 19.1+15.2 241+18.5 P=0.038
Central systolic pressure (mmHg) 104+ 15 11316 P=0.001
Central diastolic pressure (mmHg) 71.9+10.8 744113 ns
Central mean pressure (mmHg) 85+11.7 90+135 P=0.003
Central pulse pressure (mmHg) 32.1+11.4 39.3+13.4 P<0.001

Arterial wave reflection and atherosclerosis of the
peripheral arteries

Patients with IMT > 0.7mm (first tertile) had higher
Al compared to patients with IMT <0.7mm (24 =17
versus 17 = 16%, P =0.03). Additionally, patients with
ABI <0.94 (first tertile) had higher Al compared to
patients with ABI>0.94 (23 +18 versus 18+ 13%,
P < 0.05). There was no difference in Al values between
patients categorized according to the tertiles of Gensini
score (ns).

By logistic regression analysis, a 10% increase in Al was
associated with 3.5% increase in the odds of having an
abnormal IMT [adjusted-odds ratio 1.035; 95% confi-
dence interval (CI), 1.005-1.066; P = 0.021] or with a 8%
increase in the odds of having an abnormal ABI (adjusted-
odds ratio 1.08; 95% CI, 1.024-1.146, P =0.005) among

age, gender, heart rate, height, mean blood pressure,
traditional atherosclerotic risk factors, obesity and medi-
cation (Table 3).

The cut off values for IMT (> 0.7 mm) and ABI (< 0.94)
used in our analysis have been reported as the upper
normal limits for these markers, by other investigators

[17-21].

No relation was found between the Gensini score and Al
(Table 3). Augmentation index did not differ in patients
with one, two or three coronary vessels diseased or in
patients with single versus those with multi-vessel
disease (NS). Conversely, patients with multi-vessel
disease compared to those with single vessel disease
had lower peripheral diastolic (7710 versus
72 +12mmHg, P <0.05) and mean blood pressure
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(9210 versus 87 =12mmHg, P <0.05) and were
receiving a higher percentage of more than two vaso-
active drugs [110/133 (82%) versus 31/51 (61%),
P < 0.05] and statins [77/133 (58%) versus 16/51 (32%),
P <0.05].

Arterial wave reflection and medication

By regression analysis, treatment with statins or nitrates
was independently associated with lower augmentation
index values (p=-0.14, P=0.008 and P = -0.15,
P =0.007 respectively). Patients on statins (z=79) or
nitrates (7 = 63) compared to those without did not differ
regarding heart rate, age, carotid intima—media thickness,
ankle-brachial index, BMI, cholesterol, triglycerides,
LDL and HDL cholesterol (Table 4). Peripheral systolic
(116 £17.5 versus 127 179 mmHg, P <0.001) and
mean pressure  (85.2+11.7 versus 90.4 = 13.3mmHg,
P <0.05) were lower in the group receiving statins.
Conversely, patients on nitrates (# = 63) compared to those
without did not differ in peripheral blood pressure (ns).

However, a greater number of patients on statins were
receiving angiotensin-converting enzyme (ACE) inhibi-
tors [41/79 (52%) versus 37/105 (35%), P < 0.05], beta-
blockers [58/79 (74%) versus 58/105 (55%), P < 0.05] and
nitrates [55/79 (69%) versus 58/105 (55%), P < 0.05]
compared to the group not receiving statins. Additionally,
a greater number of patients on nitrates were receiving
B-blockers [49/63 (77%) versus 52/121 (43%), P < 0.05]
and ACE inhibitors [32/63 (51%) versus 40/121 (33%),
P < 0.05] compared to the group not receiving nitrates.

Discussion

In the present study we demonstrate that enhanced
arterial wave reflection as measured by augmentation of
the central aortic pressure is associated with the severity
of extracoronary atherosclerosis in the carotid arteries and
arteries of the lower extremities in patients with
documented CAD. These findings suggest that athero-
matous changes of the peripheral arterial tree may
influence arterial wave reflection and thus, the systemic
arterial stiffness.

Arterial wave reflection and atherosclerosis

Pulse wave analysis is a reproducible non-invasive method
for assessing augmentation index, a measure of the
contribution made by the reflected pressure waves to
the ascending aortic pressure waveform, providing an
estimate of systemic arterial stiffness [11,12]. In the
present study, severe atherosclerosis of the peripheral
arteries assessed by increased carotid intima-media
thickness (> 0.7 mm, first tertile) and low ankle—brachial
index (< 0.94, first tertile) was associated with increased
augmentation index suggesting a link between severe
peripheral artery atherosclerosis and enhanced arterial
wave reflection.

The relation of arterial wave reflection to atherosclerosis
is not clear. Results from the ARIC study suggest that
higher intima-media thickness of the common carotid
artery in middle-aged populations is not related to worse
stiffness, except for the thickest 10% of the arteries [21].
In our study we have shown for the first time that
atherosclerosis of the carotid and lower limb arteries is
associated with increased arterial wave reflection as
measured by augmentation index in patients with CAD.
Furthermore, we demonstrated that a 10% increase of
augmentation index was associated with an 8% increase in
the odds of having atherosclerosis in the peripheral
arteries. Thus, augmentation index may be used as
marker of the atherosclerotic process in the peripheral
vessels of patients with CAD. Data from monkeys [22]
also indicate that pulse wave velocity measurements can
be used to predict the severity of diffuse asymptomatic
atherosclerosis.

The Rotterdam study [15] demonstrated a significant
association of the carotid to femoral artery pulse wave
velocity with atherosclerosis of the carotid and peripheral
arteries in elderly subjects aged over 60 years. In our study,
we extend these findings by showing that the association
between arterial wave reflection and extracoronary athero-
sclerosis is independent of age, gender and traditional
atherosclerotic risk factors in patients with CAD.

As reported in our previous studies [17,18], IMT and ABI
were associated with the number of diseased coronary
arteries or Gensini angiographic score independently of
age, gender, medication and atherosclerotic risk factors.
Studies have also shown that augmentation index
assessed invasively in the aorta [3] or non-invasively in
the carotid arteries [4] was associated with the risk for
cardiovascular disease. Recently, Weber ¢z @/ [9] have
shown that increased augmentation index is associated
with presence of CAD in patients under the age of 60
years. In the present study, patients with multi-vessel
CAD had similar indices of arterial wave reflection
compared to those with single vessel disease. Addition-
ally, there was no relation between Gensini score derived
from angiography and parameters of pulse wave analysis.
McLeod ¢z al. have also reported the lack of a significant
correlation between augmentation index and extent of
coronary atherosclerosis assessed by intravascular ultra-
sound [23]. However, a number of factors may influence
augmentation index independently of changes in arterial
stiffness, namely age, female gender, heart rate and blood
pressure [4] which were also confirmed in the present
study. In our study, patients with multi-vessel CAD on
coronary angiography had a lower peripheral blood
pressure than patients with single vessel CAD likely
because they were receiving more vaso-active medica-
tions and statins [24]. Thus, it is possible that treatment
with vaso-active medication and statins has reduced
blood pressure and thus, eliminated differences in pulse
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wave analysis parameters between patients with
single versus those with multi-vessel CAD. Alternatively,
it may be possible that coronary angiography may
have underestimated the amount of coronary athero-
sclerosis, which would have been more accurately
determined by other techniques such as intravascular
ultrasound.

Hyperlipedaemia, statins and arterial wave reflection
The relation of blood lipids to arterial wave reflection is of
interest; Wilkinson ¢z @/. [14] using pulse wave analysis,
showed increased systemic arterial stiffness and central
pulse pressure in asymptomatic subjects with hypercho-
lesterolemia despite similar peripheral blood pressure.
Other studies in patients with or without familial
hypercholesterolemia have reached rather conflicting
results [25-27].

In our study, increased augmentation index, a measure of
enhanced wave reflection reflecting the overall arterial
stiffness was independently related to presence of
hyperlipidaecmia or no use of statin treatment. In
agreement with our findings, Muramatsu ez 4/ [28] have
shown that pravastatin administered to hypercholester-
olaemic patients for 6 months caused a significant
lowering of pulse wave velocity and reduction of
peripheral resistance in patients achieving a greater than
15% fall in cholesterol levels; this improvement appears
to be related to improvement in peripheral haemody-
namics and not to changes in the elasticity of the aorta. In
our study, the use of statins was associated with better
augmentation index in addition to lower central arterial
blood pressure. Thus, our results suggest that the
beneficial effects of statins on aortic pressure waveform
may be linked to the reduction of blood pressure. Other
investigators have also reported that statins had a direct
hypotensive effect [24] and reduced large artery stiffness
in addition to blood pressure in normocholesterolaemic
patients with stage I isolated systolic hypertension [29].
As arterial stiffness is dependent on arterial pressure, any
reduction in pressure by statins leads to passive decrease
in arterial stiffness and therefore it may partly account for
the changes in arterial wave reflection observed in our
study.

Alternatively, the simultaneous use of vaso-active medi-
cation by a larger number of patients on statins compared
to those not receiving lipid-lowering treatment may have
improved blood pressure leading to the reduction of
augmentation index.

Conclusion

In summary, augmentation index, a pulse wave analysis
parameter is related to extracoronary atherosclerosis in
patients with CAD independently of atherosclerotic risk
factors and medication.
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