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Summary

Recently an expert consensus document advised to standardize
user procedures and a new cut-off value for carotid-femoral
pulse wave velocity in daily practice. Our aim was to observe
aortic pulse wave velocity (PWVao) and augmentation index
(AIXao) in two high cardiovascular risk groups: patients with
verified coronary artery disease (CAD) or with type 2 diabetes
mellitus (T2DM). We also aimed to determine the cut-off values
for PWVao, AIXao in CAD and T2DM patients using oscillometric
device (Arteriograph). We investigated 186 CAD and 152 T2DM
patients. PWVao and AIXao increased significantly in the CAD
group compared to the age-, gender-, blood pressure-, and
heart rate-matched control group (10.2+2.3 vs. 9.3+1.5 m/s;
p<0.001 and 34.9+14.6 vs. 31.9+12.8%; p<0.05,
respectively). When compared to the apparently healthy control
subjects, T2DM patients had significantly elevated PWVao
(9.7£1.7 vs. 9.3+1.5 m/s; p<0.05, respectively), however the
AlIXao did not differ significantly. The ROC-curves of CAD and
healthy control subjects explored cut-off values of 10.2 m/s for
PWVao and 33.23 % for AIXao. Our data provide supporting
evidence about impaired arterial stiffness parameters in CAD
and T2DM. Our findings encourage the implementation of
arterial stiffness measurements by oscillometric method in daily
clinical routine.
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Introduction

Investigation of aortic stiffness measured as
aortic pulse wave velocity (PWVao) and augmentation
index (AIXao) has become increasingly important for
total cardiovascular (CV) risk estimation in patients with
verified coronary artery disease (Laurent et al. 2001,
Boutouyrie et al. 2002, Hansson 2005, Najjar et al. 2005,
Mattace-Raso et al. 2006, D’Agostino et al. 2008). Type
2 diabetes mellitus is also known to carry high CV risk
like patients with prior CV disease (Haffner ef al. 1998).
The 2012 Joint European Society guidelines on CV
disease prevention recommended that patients with DM
and the existence of target organ damage should be
considered to be at very high risk. Detection of arterial
stiffness by pulse wave velocity may be considered as
useful cardiovascular marker, adding predictive value to
the CV risk estimation. Therefore the assessment of PWV
as a target organ damage marker should be an important
part of ambulatory risk stratification in coronary artery
disease patients and patients with type2 diabetes
mellitus. During the last decade, among the stiffness
parameters the carotid-femoral PWV has become widely
accepted for total CV risk estimation (Laurent ef al. 2006,
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Willum-Hansen et al. 20006).

evaluation the Reference Values for Arterial Stiffness

For clinical patient

Collaboration Group established reference and normal
values for PWV based on a large European population
(Reference Values for Arterial Stiffness’ Collaboration
2010). Arterial stiffness is not uniform in patients with
T2DM vyielding inconsistent results about changes in
AIX. Thus previous studies suggested different clinical
significance of AIX and PWV (the gold standard
measurement of arterial stiffness) in T2DM (Lacy et al.
2004, Ogawa et al. 2008, Zhang et al. 2011). The
association between AIX and PWV in T2DM is weakly
understood.

Several different methodologies have been
proposed to the assessment of arterial stiffness. However,
the application of stiffness parameters as a routine tool
for clinical patient evaluation has been hampered due to
the lack of standardization of different measurement
techniques. For this reason comparison of the techniques
(Arteriograph, Complior, SphygmoCor) was established
in hypertensive patients. Although appropriate agreement
for PWV and AIX has been found between the
oscillometric (Arteriograph) and the common used
tonometric (SphygmoCor), piezoelectronic (Complior)
devices, it has also been emphasized that data of the three
techniques are not interchangeable (Baulmann er al.
2008, Jatoi et al. 2009, Boutouyrie et al. 2009).

Recently an expert consensus recommendation
for the measurement of aortic stiffness has been
published (Van Bortel et al. 2012). The researcher group
suggested standardizing user procedures and the use of
10 m/s as cut-off value for carotid-femoral pulse wave
velocity in the prediction of cardiovascular events.
However, in patients with high cardiovascular risk scarce
data on the prognostic value of aortic stiffness parameters

are available for regional pulse wave analyzer
equipments.
Arteriograph is an oscillometric, occlusive

method that has been invasively validated by our
researcher group and become available for the clinically
feasible detection of regional arterial stiffness (Horvath et
al. 2010). In our study we aimed to compare arterial
stiffness parameters (PWVao and AlXao) between two
high cardiovascular risk groups: patients with verified
coronary artery disease (CAD) or with type 2 diabetes
mellitus (T2DM), using Arteriograph device. We also
aimed to determine the cut-off values for PWVao,
AlXao; and to calculate the sensitivity and specificity of
arterial stiffness parameters in verified CAD and T2DM.

Vol. 63
Materials and Methods
Arterial stiffness measurements
For the evaluation of arterial stiffness
parameters, a total of 524 patients were studied.

Exclusion criteria were arrhythmia, valvular heart
disorders, renal failure, peripheral artery disease and heart
failure (New York Heart Association criteria III-IV).
We performed elective coronary angiography in
186 consecutive patients who were referred to the
Department of Invasive Cardiology of our hospital. All
patients had previous concordant noninvasive findings for
CAD and had experienced angina pectoris. In the T2DM
group the measurements were performed during the
routine check-up. Control subjects were measured during
a routine health screening examination. The simultaneous
measurements of AlXao, PWVao and brachial blood
pressure were carried out within 3-4 min with the
oscillometric, occlusive device (Arteriograph,
TensioMed, Budapest, Hungary). This method is based
on the complete occlusion of the brachial artery by
a simple cuff, which allows the recording and separation
of pronounced early (forward) and late (reflected) systolic
waves. The time elapsed between the early and late
systolic wave peaks equals the travel time of the forward
aortic pulse wave to the bifurcation and its backward
reflection to the observational site. The sternal
notch/pubic bone distance was used to calculate the
PWVao (Sugawara et al. 2008). The augmentation index
was calculated taking the differences between amplitudes
of the forward and reflected systolic waves; the resulting
value was divided by the pulse pressure and finally
multiplied by 100. The measurements were performed
in a supine position and were accepted if the quality
indicator of the recordings was within the acceptable
range (i.e. the SD of the beat-to-beat measured PWVao

values was less than 1.1 m/s).

Patients with CAD

We investigated 186 CAD patients (61+9 years,
age range: 40-84 years) and 186 age- and gender-, mean
blood pressure and heart rate-matched control subjects,
randomly selected from a previously collected database
of apparently healthy, medication-free, asymptomatic
subjects. The patients’ characteristics are shown in
Table 1. Smoking status was defined as current or past
use of cigarettes. CAD was diagnosed by elective
coronary angiography using the Judkins technique on
digitized coronary angiography equipment (Integris,
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Philips). For this study, we defined significant CAD as
showing at least 50 % or greater stenosis, or at least 75 %
or greater flow-reduction in one coronary artery. Patients
in the CAD group received appropriate medical treatment
(angiotensin-converting enzyme inhibitor, angiotensin II
receptor blocker, statins, low-dose aspirin, beta-blockers)
(2013 ESC
guidelines on the management of stable coronary artery

according to the relevant guidelines

disease).

Patients with T2DM
We evaluated with T2DM

(61+£9 years; age range: 40-82 years), who were free from

152 patients

known coronary artery disease and were treated with oral
anti-diabetic and other (angiotensin-converting enzyme
inhibitor, angiotensin II receptor blocker, calcium
channel blocker, statins, aspirin) drugs (ESC Guidelines
on diabetes, pre-diabetes, and cardiovascular diseases
developed in collaboration with the EASD 2013).
Diabetes was diagnosed by hemoglobin A;¢ level >6.5 %
and fasting plasma glucose >7.0 mmol/l, or abnormal oral
glucose tolerance test (OGTT level after a 2-hour interval
is equal or more than 11.1 mmol/l) or a previous
diagnosis of T2DM. The antidiabetic treatment was
monitored with the measurement of serum hemoglobin
Ajc level.

152 age- and gender-, mean blood pressure and
heart rate matched subjects comprised the control group,
randomly selected from the previously mentioned large
database. Smoking status was also defined as current or
past use of cigarettes. The patients’ characteristics are

shown in Table 1.

Statistical analysis

The CAD and T2DM populations were matched
to healthy counterparts by age, gender, blood pressure
and heart rate. CAD-to-diabetic matching was also
performed using the same rules. Continuous data are
reported as mean £ SD. The clinical parameters of the
matched populations were compared by using the
Student’s paired #-test, with the significance level set
at 0.05. Multiple regression analysis was performed to
investigate the relationship between arterial stiffness
clinical

indices, parameters, and the wuse of

antihypertensive,  diabetes, antilipid medications.

Discrimination was calculated with the areas under the
receiver-operating characteristic (ROC) curves in case of

CAD, T2DM and control subjects for both PWVao and
AlXao. 1.0 would
discrimination, while 0.5 means the

An area of indicate perfect
absence of

discriminatory power.

Results

Demographic, clinical, hemodynamic and
medication characteristics are summarized in Table 1.

When we compared the CAD group to the age-,
gender-, mean blood pressure-, and heart rate-matched,
apparently healthy control group we found that PWVao
and AlIXao values in CAD patients were significantly
higher (Table 2). In the T2DM population PWVao was
significantly higher compared to the control group, whilst
no significant differences were seen in the AlXao. We
made comparison with the age-, gender-, mean blood
and heart rate-matched CAD and T2DM
groups, and found non-significant differences in PWVao
(p=0.10) and markedly lower AlXao in the T2DM group
(p<0.001) (Table 2).

The impact of antihypertensive, antilipid, oral
(ACEI/ARB, beta-blockers,

antagonists,

pressure-,

antidiabetic medications

calcium  channel nitrates,  statins,
sulfonylureas and metformin) on measures of arterial
stiffness were also investigated in our study population.
In multiple regression analysis the use of ACEI/ARB was
of the

parameters (Table 3). For beta-blockers, calcium channel

the only significant determinant stiffness
antagonists, nitrates, and statins we found improvement
in both stiffness indices, however the change in PWV and
AIX did not reach the level of significance (data not
shown).

The ROC-curves for aortic PWV and AlXao are
seen in Figure 1. Statistics explored a cut-off value of
10.2 m/s for PWVao and 33.2% for AlXao in the
comparison of CAD and healthy control subjects with
acceptable area under curve (AUC), sensitivity and
specificity data (Table4). In addition, when ROC
analysis were performed in CAD patients not receiving
ACEI/ARB vs. control subjects significant improvement
in sensitivity and specificity were found for PWVao and
AlXao (p<0.05) (Table5). ROC analysis revealed
acceptable sensitivity and specificity results for PWV at
a cut off value of 10.20 m/s (p<0.05) for the analysis of
T2DM vs. healthy control subjects (Table 4).
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Table 1. Descriptive statistics of healthy control subjects, patients with known coronary artery disease (CAD), and with type 2 diabetes
mellitus (T2DM).

Control group CAD group T2DM group

Variable p-value p-value
(n=186) (n=186) (n=152)

Age (vears) 61+9 61+9 61+9
Male, n (%) 138 (74) 138 (74) 112 (74)
Weight (kg) 81+15 84+15 0.050 88+16 0.020
Height (cm) 171£9 170+8 0.379 171£9 0.870
BMI (kg/m’) 27.6+4.1 29.124+4.28 <0.05 30+4.5 <0.05
Smokers, n (%) 12 (7) 39 (21) 0.001 18 (12) 0.010
SBP (mm Hg) 136.7+£17.0 136.7+21.2 0.940 136.8£17.4 0.930
DBP (mm Hg) 81.3+10.1 81.2+13.1 0.910 81.4+11.5 0.920
MAP (mm Hg) 99.8+11.5 99.7+15.4 0.940 99.9+12.0 0.930
HR (beat/min) 69.2+11.4 69.1+12.4 0.900 69.3+£10.8 0.940
Hypertension (%) 0 59 <0.001 44 <0.001
Glucose (mmol/l) 5.3 (4.3-5.9) 5.6 (4.2-6.3) 0.390 6.9 (3.7-9.9) <0.001
HbAlc (%) 7.1£1.5
Creatinin (umol/l) 68.3+£16.5 69.3£17.5 0.077 73.8+19.5 0.035
eGFR (ml/min) 92.3+21.5 89.3+20.5 0.067 85.9+24.5 0.020
TC (mmol/l) 5.4+0.9 5.6£1.2 0.202 5.7+0.8 0.123
HDL-C (mmol/l) 1.5+0.3 1.4+0.4 0.306 1.3+0.3 0.050
LDL-C (mmol/l) 3.3+0.4 3.5+0.5 0.060 3.6+0.8 0.020
Triglyceride (mmol/l) 1.3 (0.7-1.8) 1.3 (0.8-1.9) 0.522 1.6 (0.6-2.7) 0.009
Treatment
BB (%) 0 76 <0.001 48 <0.001
ACEI/ARB (%) 0 74 <0.001 51 <0.001
ASA (%) 0 80 <0.001 19 <0.001
Statins (%) 0 75 <0.001 33 <0.001
CCB (%) 0 34 <0.001 13 <0.001
Nitrate (%) 0 40 <0.001 4 <0.005
Oral antidiabetics (%) 0 0 68

Data are presented as mean + SD or median, p-values for control subjects. SBP: systolic blood pressure; DBP: diastolic blood pressure;
MAP: mean arterial pressure; HR: heart rate; eGFR: estimated glomerular filtration rate; TC: total cholesterol; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; BB: beta blocker; ACEIL: angiotensin converting enzyme inhibitor;
ARB: angiotensin receptor blocker; CCB: calcium channel blocker.

Table 2. Indices of arterial stiffness in patients with coronary artery disease (CAD), type 2 diabetes mellitus (T2DM) and healthy control
subjects.

Control CAD T2DM
ontrol group group p-value group p-value
(n=186) (n=186) (n=152)
PWVao (m/s) 9.3%+1.5 10.2+£2.3 <0.001 9.7+1.7 <0.05
AlXao (%) 31.9+12.8 34.9+14.6 <0.05 29.3+£13.0 0.10

Data are presented as mean + SD.
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Table 3. Multiple regression analysis of PWVao and AIXao.

. PWVao PWVao AlIXao AlIXao
Variable
r p r p
Age 0.39 <0.001 0.26 <0.001
Heart rate 0.21 <0.001 -0.35 <0.001
SBP 0.41 <0.001 0.10 0.35
ACEI/ARB -0.16 0.03 -0.13 0.04

Correlation coefficients of multiple regression (r) and the level of significance are only shown when p<0.05. SBP: systolic blood
pressure; ACEI/ARB: angiotensin converting enzyme inhibitor/angiotensin receptor blocker.

Table 4. Sensitivity and specificity for cut-off values of arterial stiffness parameters determined by Arteriograph for discriminating

coronary artery disease and type 2 diabetes mellitus.

CAD group T2DM group
Variable PWVao (m/s) * AlXao (%) ** PWVao (m/s) ***

Value 95 % CI Value 95 % CI Value 95 % CI
AUC 0.61 0.54-0.67 0.57 0.51-62 0.57 0.52-0.61
Sensitivity 0.66 0.55-0.72 0.58 0.50-0.66 0.62 0.52-0.7
Specificity 0.57 0.51-0.66 0.58 0.52-0.68 0.55 0.51-0.61
Positive predictive value 0.65 0.56-0.72 0.63 0.56-0.69 0.63 0.54-0.70
Negative predictive value 0.6 0.53-0.68 0.61 0.55-0.67 0.57 0.51-0.65
Relative risk 1.53 1.2-1.79 1.48 1.21-1.89 1.43 1.1-1.71
Odds ratio 2.30 1.4-3.34 2.3 1.49-3.54 2.10 1.35-3.02

CI: confidence interval, * cut-off value for PWVao: 10.20 m/s, ** cut-off value for AlXao: 33.23 %, *** cut-off value for PWVao:

10.20 m/s.

Table 5. Sensitivity and specificity for cut-off values of arterial stiffness parameters determined by Arteriograph for CAD patients not

taking ACEI/ARB.

. PWVao (m/s) * AlXao (%) **
Variable Value 95 % CI Value 95 % CI
AUC 0.66 0.56-0.77 0.60 0.51-0.70
Sensitivity 0.69 0.58-0.74 0.61 0.54-0.7
Specificity 0.61 0.54-0.69 0.61 0.54-0.7

CI: confidence interval, * cut-off value for PWVao: 10.20 m/s, ** cut-off value for AlXao: 33.23 %.
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Fig. 1. Receiver-operating characteristic
(ROC) curves of the simultaneously recorded
aortic augmentation index (AIXao) and pulse
wave velocity (PWVao) in case of patients
with established coronary artery disease and
age-, gender-, mean blood pressure- and
heart rate-matched control subjects and ROC
curve of the pulse wave velocity (PWVao) in
case of patients with T2DM and age-,
gender-, mean blood pressure- and heart
rate-matched control subjects.
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Discussion

Comparing the CAD and the age-, gender-,
blood pressure-, and heart rate-matched control subjects
we found that PWVao and AlXao were significantly
higher in the CAD group. Therefore, we can suppose that
the significantly higher aortic PWV and AIX values are
specifically related to the impaired arterial function in the
CAD patients. Our findings are supported by the results
of Weber et al. (2004), who also indicated a very strong
relationship between the increased aortic AIX and CAD
which was proven by coronary angiography. The
relationship between coronary atherosclerosis and aortic
PWYV was elegantly proven by Kullo and co-workers
(2006) in a large study assessing the quantity of coronary
artery calcium with computed tomography and the aortic
PWV with carotid-femoral PWV measurement. The
average age of the population studied in their work was
very close to ours, thus enhancing comparability with our
findings.

Another important observation of our research is
that aortic stiffness as measured with PWVao was
similarly elevated in the CAD and in the age-, gender-,
blood pressure-, and heart rate-matched T2DM group,
while T2DM patients showed significantly reduced
AlXao when compared to CAD patients. The greatest
value of our study is the precise matching of the studied
populations that excluded the possible modifying effects
of age, gender, blood pressure and heart rate on PWVao
and AlXao during the
consideration that impaired PWVao is the sign of

comparison. Taking into
elevated cardiovascular risk, this similarly elevated
PWVao could be an evidence that patients with type 2
diabetes mellitus carry as high risk as patients with
known ischemic heart disease (Haffner et al 1998).
However the difference in AlXao between the age-,
gender-, blood pressure- and heart rate-matched CAD and
T2DM patients were striking. The lower value of
augmentation index in case of T2DM patients could be
explained by the assumption that in several patients with
T2DM hyperinsulinemia could exist, which produces
increased sympathetic activity and consequently, lowers
the AIX. Indeed, Westerbacka and co-workers (2000)
pointed out that insulin infusion significantly decreases
the AIXao. Our findings are in agreement with the results
of Lacy and co-workers (2004). In their study cohort
comprising T2DM and control subjects they found
significant difference between the aortic PWV values and
no change in the AIXao results, which could be explained

by the above mentioned hyperinsulinemia (Westerbacka
et al. 2000). Zhang et al. (2011) pointed out that stiffness
of both central and peripheral arteries are increased, but
augmentation index is preserved in Chinese patients with
T2DM when compared to healthy control subjects.
Khoshdel and Carney (2005) indicated that because of the
wider pulse pressure (PP) observed in diabetics, PP is the
major determinant of AIX in this patient population. The
dependence of the wider PP on other factors, such as
arterial stiffness and cardiac contractility results in the
underestimation of AIX that reduces the validity of AIX
in case of DM patients. Ogawa and coworkers (2008)
examined 201 patients with T2DM and investigated the
relationship between arterial stiffness parameters and
diabetic retinopathy. They concluded that only PWV
correlated with the presence of diabetic retinopathy, but
not AIX which may indicate that chronic hyperglycemia
and the duration of diabetes mellitus may not be
associated with AIX. Furthermore, we cannot exclude the
potential effects of the applied drugs on the AlXao, since
several studies showed the beneficial effects of
ACEI/ARB, statins, CCB and vasodilatator BB on AlXao
and PWVao (Mallareddy et al. 2006, Mahmud and Feely
2008, Manisty et al. 2009, Doi et al. 2010, Boutouyrie et
al. 2011). According to our results the use of ACEI/ARB
was a significant determinant of the stiffness parameters.
Our data suggest that pharmacological modulation of the
stiffness parameters could also explain the relatively
lower AlXao data in the T2DM group.

The ROC analysis in our CAD patient study
population advices to use 10.2 m/s as the cut-off value for
regional aortic pulse wave velocity. Our finding precisely
matches the new recommendation of carotid-femoral
PWV (cfPWV) recording (Van Bortel et al. 2012),
suggesting that the pulse wave analyzer Arteriograph
measured PWVao is close to the cfPWV value as it is
pointed out by other studies (Baulmann et al. 2008, Jatoi
et al. 2009). The sensitivity and specificity results for the
Arteriograph are in the acceptable range, however the
effect of the
antihypertensive, antilipid, and oral antidiabetic drugs

above mentioned confounding
applied in the CAD, T2DM groups could explain this
apparent controversy (Boutouyrie ef al. 2011). Our study
proved the pharmacological modulation of the stiffness
parameters for ACEI/ARB, resulting in decrease for
PWVao and AIX. However for this purpose
a longitudinal study for the Arteriograph would be

preferable in the future.
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Conclusion

In our study we applied a simple, feasible
oscillometric method. We have revealed a significant
impairment of arterial stiffness, measured as increased
PWVao in patients with CAD and T2DM, which reflects
premature arterial damage. The cut-off value for PWVao
measured by Arteriograph is in good correlation with the
recently published recommendation of cfPWV recording.
However, the clinical significance of AlXao as a useful
vascular stiffness marker in T2DM group was not
supported in our study design. Our findings encourage

the implementation of arterial stiffness and function
measurements in daily clinical routine in high
cardiovascular risk patients with CAD and T2DM.
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