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ABSTRACT

INTRODUCTION: Data for arterial stiffness (AS) in type 2 diabetes mellitus (T2DM) patients is important
for better management of cardiovascular complications and early therapeutic approach.

AIM: The aim of this article is to obtain data for pulse wave velocity (PWVp) and other AS parameters in
patients with T2DM without cardiovascular atherosclerotic disease and compare them with controls.

MATERIALS AND METHODS: This cross-sectional clinical investigation involves a sample of 100 patients
with T2DM without cardiovascular complications and a control group of 30 healthy subjects. In all patients
one-point echo-tracking measurement of carotid artery (CA) stiffness with Aloka Prosound a7 machine
were conducted and pulse wave velocity (PWVp), B-stiffness index, arterial compliance (AC), augmentation
index (AI), Peterson’s modulus (Ep) were measured.

RESULTS AND CONCLUSION: Our results showed the mean value of PWV( on the left CA (L) in the group
of patients with T2DM is 7.37+1.32 m/sec and on the right CA (R) is 7.42+1.33 m/sec. The performed t-test
showed statistical significance of the differences of PWVp (L) and PWVp (R) in the studied group, compared
to the control group (t=3.764; p=0.001 and t=3.561; p=0.001). The data showed significantly higher values
of B-stiffness index (p=0.001) and Ep (p=0.001) in patients with T2DM compared to controls. AC was
significantly lower in T2DM, when it is measured on the left CA (p=0.001). AI was significantly higher in
T2DM when it is measured on the right CA (p=0.009).

Patients with T2DM are associated with significantly increased AS parameters compared to controls.
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es and an increase in the pulse wave velocity (PWV)
passing through them.

AS is considered a non-traditional cardiovascu-
lar risk factor with an independent predictive value
for cardiovascular events in high-risk patients, such
as those with T2DM (2,3,4). The applanation tonom-
etry measuring carotid-femoral PWV (cf-PWV) is
specified by the gold standard guidelines in AS mea-
surement. Another modern methodology for mea-
suring local AS is echo-tracking (ET) (3,5). It com-
bines the advantages of B-mode images with radio
frequency technology and high resolution (6,7). The
carotid artery is of particular interest both because of
its anatomical location and because of the predictive
value of measured carotid PWV for cardiovascular
events demonstrated in studies (8). There is evidence
of correlation of local carotid stiffness (PW V) with
cf-PWV and therefore with the risk of cardiovascular
morbidity and mortality (3).

T2DM is associated with an increased risk of ac-
celerated atherosclerosis and cardiovascular compli-
cations (9). Recent data from studies indicate PWV[3
reference values in healthy individuals, but data for
patients with T2DM are currently scarce (10). Accu-
mulation of AS data in patients with T2DM would
allow better management of cardiovascular compli-
cations and therapeutic intervention in the subclini-
cal atherosclerosis phase.

AIM

The aim of this article is to obtain data for
PWVp and other AS parameters in patients with
T2DM without cardiovascular atherosclerotic dis-
ease and compare them with controls.

MATERIALS AND METHODS

This cross-sectional clinical investigation in-
volved a sample of 48 adult males and 52 females
with T2DM without cardiovascular complications.
In the control group, 30 healthy individuals were en-
rolled. This study was conducted between October
2018 and November 2019 at St. Marina University
Hospital, Varna. Patients with type 1 diabetes melli-
tus (T1DM), uncontrolled hypertension and absolute
atrial fibrillation arrhythmia were excluded.

The results of 100 patients with T2DM subjected
to one-point echo-tracking measurement of the two
common carotid arteries with an Aloka Prosound a7

device equipped with a high-frequency transducer
were summarized. The measurement was performed
at 2 cm proximal to the bifurcation, in the largest di-
ameter of the artery, with the marker placed on the
adventitia. At least 6 consecutive cardiac cycles were
recorded. The time was in the morning in a fasting
state, after 15 minutes of bed rest, in the supine po-
sition. Immediately before the ultrasound examina-
tion, brachial arterial pressure and central systolic
aortic pressure (CASP) were measured using a device
Caspal A-pulse CASP-AL (HealthSTATS Int.). Pa-
rameters of AS were calculated automatically by the
software and were the following: PWV, B-stiffness
index, AC, AL and Ep. The additional data collected
included patient demographic characteristics, med-
ical history, anthropometry, lipid and glucose lev-
els. The study has been approved by the local Eth-
ical Committee of the Medical University of Varna
- 78/25.10.2018.

Statistical methods:

Quantitative variables were described with
mean and standard deviation. Qualitative variables
were described by: number of observations and rel-
ative frequency distribution. To determine the type
of distribution of the studied data, the Kolmogorov-
Smirnov test was performed. An independent t-test
was used to compare the mean values of the param-
eters in the two studied groups. The data were pro-
cessed through a specialized statistical package for
personal computer SPSS for Windows, version 25.

RESULTS

The sample included patients with T2DM aged
39-73 years (mean age 57.7, SD +7.48). Mean duration
of T2DM was 6.7+6.3 years. Fifty percent were new-
ly diagnosed. Baseline characteristics differed signif-
icantly in the study and in the control group - only in
the values of waist circumference (p=0.01) and BMI
(p=0.05) (Table 1).

Our results showed the mean value of PWV(
on the left CA(L) in the group of patients with T2DM
is 7.37+1.32 m/sec and PWV} on the right CA (R) is
7.42£1.33 m/sec. In the control group: PWV (L) was
6.37+0.94 m/sec and PWV (R) was 6.43+1.11 m/sec.
The performed t-test showed statistical significance
of the differences between PWVp (L) and PWV} (R)
in the study group, compared to the control group
(t=3.764; p=0.001 and t=3.561; p=0.001).
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Table 1. Baseline characteristics of the study and control group

Parameters

Age (years)

Duration of DM (years)
Height (cm)

Weight (kg)

BMI (xg/m?)

Waist (cm)

Blood glucose (mmol/L)
HBA1c

Chol (mmol/L)

TG (mmol/L)
LDL(mmol/L)

HDL (mmol/L)
Creatinin (pumol/L)
MDRD (mL/min/1.73 m?)
Hemoglobin (g/L)
CAPS (mmHg)

SBP (mmHg)

DBP (mmHg)

Pulse pressure (mmHg)
Mean pressure (mmHg)

HR (beats/min)

T2DM
meanzt SD

57.70+7.48
6.75£6.37
166.70+10.11
90.67+20.84
32.41+6.61
108,69+14.92
7.62+2.51
9.17+2.44
5.18+1.32
2.30+1.68
3.00+1.12
1.18+0.39
78.9+21.14
89.85+21.1

140.78+16.67
126.40+13.79
134.01+14.63
85.83£10.26
48.08+11.53
101.82+10.6
75.12+11.11

Controls
mean+ SD

56.76%6.98

168.28+9.14
84.08+20.34
29.67+£6.08

100.85+16.24

5.68+0.67
5.55+0.43
5.63£1.49
2.26x1.76
3.30£1.12
1.33+0.33
73.89+14.28
85.21+14.67
141.45+13.13
125.76+12.62
132.64+13.1
87.50+9.83
45.14+9.83
101.97+10.28
73.17£10.31

0.54

0.47
0.13
0.05*
0.01*
0.001*
0.001*
0.15
0.81
0.27
0.11
0.29
0.6
0.85
0.84
0.13
0.48
0.39
0.62
0.41

*statistical significance

We compared PWVp measured on left and
right common CA and found no significant differ-
ences in the T2DM group (t=0.56; p=0.57) and in
healthy controls (t=0.24; =0.8), respectively.

The data showed significantly higher values
of B-stiffness index (p=0.001) and Ep (p=0.001) in
patients with T2DM compared to controls. Arterial
compliance was significantly lower in T2DM, when it

Table 2. Comparison between ET parameters on the right CA

T2DM
Right CA
Stand. Dev

B-stiffness index 10.48 4.08
Ep (kPa) 151.34 60.25
AC (mm?/kPa) 0.77 0.30
Al 13.36 10.73
PWV (m/s) 7.42 1.33

‘ Controls
Mean Stand. Dev
7.79 2.60 0.001*
112.11 40.19 0.001*
0.98 0.53 0.11
19.87 13.67 0.009*
6.43 1.11 0.001*

*statistical significance
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Table 3. Comparison between ET parameters on the left CA

T2DM

Left CA

Mean Stand. Dev
B-stiffness index 10.32 3.83
Ep (kPa) 149.26 58.09
AC (mm?/kPa) 0.76 0.32
Al 12.88 11.94
PWV (m/s) 7.37 1.32

Controls
p

Mean Stand. Dev
7.51 2.11 0.001*
108.66 33.23 0.001*
1.01 0.44 0.001*
16.35 9.89 0.162
6.37 0.94 0.001*

*statistical significance

is measured on the left CA (p=0.001). Augmentation
index is significantly higher in T2DM when it is
measured on the right CA (p=0.009) (Table 2 and
Table 3).

Positive correlations were found between PWV[3
(R) and Ep (p=0.001); B-stiffness index (p=0.001);
waist circumference (p=0.01); CASP (p=0.01);
SBP (p=0.001); PP (p=0.001); MAP (p=0.004); age
(p=0.002) and a negative correlation between PWV{3
(R) and AC (p=0.001). Positive correlations PWV
(L) were found in AI (p=0.05); CASP (p=0.04); PP
(p=0.001) and MAP (p=0.004).

DISSCUSION

In our study cohort, significantly elevated AS
parameters in patients with T2DM were: PWV, Ep,
B-stiffness index, Al (R). Using the ET methodolo-
gy, the main indicator for AS is PWV. Vriz et al. set
the PWV} threshold of 6.65 m/sec at which an in-
crease in cardiovascular risk is expected (3). Our re-
sults in the study group showed an average PWVf
value of 7.39 m/sec. PWV can serve as a prognostic
factor for the development of future cardiovascular
events, including MACE (11). In the Hoorn study, pa-
tients with T2DM had significantly higher values of
cf-PWV and local PWVp compared to healthy con-
trols. Carotid AS indices independently correlated
with CV events and overall mortality (12). Alvim et
al., in a study conducted in the Brazilian population,
found higher values of cf-PWYV in individuals with
T2DM regardless of the presence or absence of hy-
pertension (13). In contrast to the measurement of
AS by applanation tonometry, data obtained by the
ET method are scarce in individuals with T2DM.
The use of ET is appropriate in patients with T2DM,
as it is not affected by abdominal obesity. For the first
time, our study directly compared the ET parameters

of the two common carotid arteries, without finding
significant differences.

CONCLUSION

The patients we studied with T2DM had in-
creased AS parameters - PWV, Ep, B-stiffness in-
dex, AI, and decreased AC. These changes are asso-
ciated with subclinical atherosclerosis. The ET tech-
nique can be useful for early detection of function-
al vascular changes, where therapeutic intervention
would be particularly valuable.
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