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Abstract 

Background  Postmenopausal women are at increased risk of coronary artery disease (CAD). Diabetes Mellitus is a 
major risk factor for CAD. The stiffening of the aorta is associated with increased cardiovascular morbidity and mortal-
ity. We aimed to investigate the relation of aortic elasticity parameters to CAD severity assessed by SYNTAX score (SS) 
in diabetic postmenopausal women. The study prospectively included 200 consecutive diabetic postmenopausal 
women with CAD who underwent elective coronary angiography. Patients were classified into 3 groups based on SS, 
low-SS ≤ 22, intermediate-SS ≥ 23– ≤ 32, and high-SS ≥ 33. Echocardiographic aortic elasticity parameters, including 
aortic stiffness index (ASI), aortic strain (AS) (%) and aortic distensibility (AD) were obtained in all patients.

Results  Patients in the high SS group were older age and had a higher aortic stiffness. After adjusting different co-
variates AD, AS, and ASI could be used as independent predictors of high SS with the following P-values (0.019, 0.016 
and 0.010) and cut-off values (2.5, 3.6 and 2.9), respectively.

Conclusions  In diabetic postmenopausal women, the simple echocardiography-derived aortic elasticity parameters 
might predict the severity and complexity of angiographic coronary lesions assessed by the SS.
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Background
Ischemic heart disease is the major cause of morbidity 
and mortality in diabetic women, and this risk increases 
in women who have attained menopause [1, 2]. Women 
have a worse clinical outcome after myocardial infarc-
tion and revascularization procedures by stenting or 
coronary artery bypass grafting [3, 4]. The basis of the 
increased risk of coronary artery disease (CAD) in post-
menopausal women may be related to decreased levels 
of estrogens [5]. The transition through menopause has 
been associated with various components of metabolic 

syndrome, including increased central body fat, dyslipi-
demia, increased glucose levels, and insulin resistance 
[6]. Women with diabetes mellitus (DM) have a higher 
cardiovascular (CV) risk relative to men [7]. Arterial stiff-
ness may be an important underlying pathophysiologi-
cal mechanism linking diabetes to increased CV risk [8]. 
Loss of arterial elasticity is associated with worse CV 
outcomes [9]. The aortic stiffness index (ASI) and Aor-
tic distensibility (AD) are two measures of aortic elas-
ticity, both are associated with CAD fatal and non-fatal 
events [10, 11]. Arterial stiffness can be assessed by vari-
ous non-invasive methods such as applanation tonom-
etry, echocardiography, and magnetic resonance imaging 
[12]. Echocardiography is the most widely used imaging 
technique in clinical CV practice [13]. Echocardiogra-
phy‑derived indices, including simple M-mode-derived 
measurements, may be more reliable, as central arte-
rial elasticity is more important than peripheral arterial 
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elasticity in predicting the CV outcome [14]. Some stud-
ies reported an association between impaired indices of 
aortic elasticity and the severity of CAD [15]. The cur-
rent study aims to assess the relation of aortic elasticity 
parameters to CAD severity assessed by SYNTAX score 
(SS) in diabetic postmenopausal women.

Methods
Study population
The study prospectively included 200 consecutive post-
menopausal women with type 2 DM presenting to Tanta 
University, Cardiology department during the period 
from September 2022 till December 2022 and were 
referred for elective coronary angiography for diagnosis 
of CAD based on patients’ symptoms, positive stress test, 
and electrocardiographic evidence of ischemia.

Informed consent was taken from all patients, and the 
study was approved by the local ethical committee.

The diagnosis of diabetes was based on the clini-
cal history of pre-existing DM (indicated by insulin or 
oral antidiabetic medication use), fasting plasma glu-
cose ≥ 126  mg/dL, 2-h plasma glucose ≥ 200, a random 
plasma glucose ≥ 200  mg/dL or HbA1c ≥ 6.5% any time 
[16].

Menopause is defined as women with the absence of a 
menstrual period for at least 12 consecutive months and 
not using a hormonal contraceptive [17].

Exclusion criteria were: Poor echogenic window, 
patients presenting with acute coronary syndrome, left 
ventricular ejection fraction (LVEF) < 50%, use of hor-
mone replacement therapy, those without significant 
CAD (luminal stenosis < 50%), normal coronary angiog-
raphy, patients on hemodialysis, collagen vascular dis-
eases, congenital heart disease, more than mild valvular 
stenosis or regurgitation, prior percutaneous coronary 
intervention, history of coronary artery bypass surgery, 
prosthetic heart valves, atrial fibrillation, atrial flutter.

As the flowchart shows in Fig.  1, during the enrol-
ment period, 225 consecutive patients were screened 
for admission to the study. For various reasons, 25 
were not considered eligible: 3 patients had a poor 

echocardiographic window, 5 refused to participate in the 
research, 4 patients had atrial fibrillation, 2 patients had a 
history of coronary artery bypass grafting, 6 patients had 
moderate to severe valvular lesions, 4 patients had a his-
tory of prior percutaneous coronary intervention  (PCI), 
and 1 patient was on maintenance dialysis.

Blood pressure (BP) measurements were obtained 
just before starting the echocardiographic study. Blood 
pressure values were obtained in the sitting position 
after at least 5 min of rest in a quiet room. BP was meas-
ured three times with mercury sphygmomanometers at 
1–2 min intervals. Systolic and diastolic BP was recorded 
as the average of the last two BP measurements, and the 
difference between them was defined as pulse pressure 
[18].

Angiographic procedure
Coronary angiography was performed using the standard 
techniques through the femoral or radial approach. The 
SS was computed from the diagnostic coronary angio-
gram as the sum of the points for each significant coro-
nary lesion (defined as diameter stenosis > 50% in vessels 
with minimum diameter > 1.5 mm). Patients were divided 
according to the SS into three groups: Low‑SS ≤ 22, inter-
mediate‑SS ≥ 23– ≤ 32, and high‑SS ≥ 33 [19]

Echocardiographic evaluation
Two dimensional transthoracic echocardiographic and 
Doppler studies were performed using the commercially 
available GE Vivid 7 echocardiograph with a 2.5  MHz 
transducer. LVEF was evaluated using the modified 
Simpson formula [20]

In the parasternal long-axis view the systolic and dias-
tolic inner diameters of the ascending aorta were meas-
ured by M-mode tracing 3 cm distal to the aortic valve.

The aortic systolic diameter (AoS) was measured at the 
maximal anterior motion of the aortic valve, whereas the 
diastolic diameter (AoD) was measured at the peak of 
the QRS complex on the simultaneously recorded elec-
trocardiogram. The measurements were averaged over 3 
consecutive cardiac cycles. Aortic elasticity indices were 
calculated according to these formulas:

ASI = In (SBP/DBP) [(AoS− AoD)/AoD] [21]

Aortic strain (AS) (%) = 100× (AoS− AoD)/AoD [22]

AD 1/ 103×mmHg = 2× [(AoS− AoD)/AoD]/PP [21]

Stroke volume (SV) (mL) = LV outflow tract area× LV outflow tract time− velocity integral [23]

Stroke volume index (SVi) mL/m2
= SV/BSA [23]
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Reproducibility
n experienced echocardiographer performed all meas-
urements. In randomly selected 15 patients intra-
observer and inter-observer variability of aortic elasticity 
indices were evaluated using intraclass correlation coef-
ficients by repeated analysis by the same investigator or 
independently by two separate investigators.

Statistical analysis
Statistical analyses were performed using the IBM SPSS 
software package version 20.0. (Armonk, NY: IBM Corp). 

The Kolmogorov- Smirnov test was used to test for the 
normal distribution of continuous data. The obtained 
quantitative data were presented as mean, standard 
deviation (SD), and qualitative data were expressed as 
numbers and percentages. Results were analyzed using 
one-way analysis of variance (ANOVA) when compar-
ing between more than two means, and the Post Hoc 
test was used for multiple comparisons between different 
groups. A Chi-square (X2) test of significance was used 
in order to compare proportions between two qualitative 
parameters.

Fig. 1  Flowchart of the patients included in the study
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Univariate and multivariable logistic regression anal-
yses were performed to detect potential independent 
predictors of high SS. Receiving operator character-
istics (ROC) curve was used to detect optimal cut-off 
values of aortic elasticity parameters for predicting a 
high SS. A P value < 0.05 is considered as statistically 
significant.

In addition, the power of the sample size was calcu-
lated by G Power tool (Franz Faul, University of Kiel, 
Germany, version 3.1.9.4) with 0.05 alpha and 0.25 
effect size. The calculated power value was 0.89 accord-
ing to post hoc-type power analysis.

Results
This cross-section study included two hundred post-
menopausal female patients who attended the cardiol-
ogy department for elective coronary angiography.

Patients were classified into three groups according 
to the severity of coronary artery disease as measured 
by the SS: low, intermediate, and high SS groups.

The clinical, hemodynamic, laboratory and echo-
cardiographic parameters of the aortic stiffness of the 
three groups were analyzed (Table 1). There is no statis-
tically significant difference between the three groups 
regarding the incidence of smoking, hypertension, body 
mass index (BMI), duration of diabetes diagnosis, age 
at menopause, hemoglobin A1c (HBA1c) level, lipid 
profile, LVEF, heart rate, aortic diameter in both systole 
and diastole, stroke volume, stroke volume index, and 
pulse pressure/stroke volume index ratio.

On the other hand, there was a statistically signifi-
cant difference between the three groups regarding age, 
systolic blood pressure, diastolic blood pressure, pulse 
pressure, AD, AS, and ASI with P-values of (0.001, 
0.001, 0.001, 0.002, 0.001, 0.001, and 0.001), respec-
tively (Table 1). Furthermore, the post hoc test was per-
formed, which showed that patients with a high SS had 
a statistically significant higher pulse pressure, ASI, and 
AD with lower AS than patients with low and interme-
diate SS with P-values for pulse pressure of (0.002 and 
0.003) respectively, ASI (0.001 and 0.001) respectively 
and AD (0.001 and 0.001) respectively and AS (0.001 
and 0.001) respectively. However, there was no statisti-
cally significant difference regarding these parameters 
in low and intermediate SS groups.

In the same context, the post hoc test showed that 
there is a statistically significant increase in age with 
the increase in SS with a statistically significant differ-
ence between low and intermediate, low and high as 
well as intermediate and high score groups with P-val-
ues of (0.026, 0.001 and 0.001) respectively.

There were statistically significant differences between 
patients with high and low SS as well as patients with 

intermediate and high SS regarding the systolic and 
diastolic blood pressure at enrollment with P-values of 
0.001 for both.

Univariate and multivariable logistic regression mod-
els were built to identify potential predictors of high SS. 
The results showed that age, AD, AS, and ASI are inde-
pendent predictors for high SS with P-values of (0.027, 
0.019, 0.016, and 0.010) respectively (Table 2).

In the ROC curve analysis of the above-mentioned 
aortic elasticity parameters, the best cut-off values for 
AD, ASI, and AS were: (2.5, 2.9, and 3.6) with sensitiv-
ity (87, 81, and 85), specificity (80, 78. 79) and the area 
under the curve of (0.878, 0.839 and 0.850) respectively 
(Figs. 2, 3, and 4).

Reproducibility
Intra-observer and inter-observer variability for aortic 
elasticity indices measurements ranged from 0.93 and 
0.96.

Discussion
Menopause is associated with an increased incidence, 
progression, and severity of metabolic syndrome [24]; 
Large systemic studies have shown a relationship 
between age and arterial stiffness; however, these studies 
did not examine the prevalence of menopause or assess 
the relationship in a specific age range [25]

Smulyan et  al. observed in their study that structural 
alterations of the blood vessel caused age-related varia-
tions in pulse wave velocity in women; however, they did 
not expressly take into account the influence of meno-
pause in their study. Palmiero et  al. [26] in their study, 
showed that postmenopausal women have increased aor-
tic stiffness compared to controls [27].

Also, after adjusting for different cardiovascular risk 
factors in the SWAN study, arterial stiffness was found 
to be increased by 7.5% within one year of the final men-
strual period; they used the carotid-femoral pulse wave 
velocity as a marker for aortic stiffness [28].

On contrary to these findings and to the findings in our 
study, the cross-sectional study by, Lodon et  al. showed 
that menopause reduces the age-related rise in arterial 
stiffness, although their sample size was too small [29].

Saltiki et  al. [2]. examined the effect of diabetes mel-
litus on CAD severity in postmenopausal women; they 
reported that diabetic postmenopausal women had more 
severe CAD compared to non-diabetic women, as evi-
denced by greater diseased vessels with more than 50% 
stenosis when compared with non-diabetic women. Simi-
larly, Mellen et al. [30] found that diabetes mellitus was 
associated with angiographic progression of CAD and 
poor CV outcome in postmenopausal women.
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Table 1  Demographic, clinical characteristics, laboratory, and Echocardiographic parameters of the study groups

P1, significance between Low & Intermediate SS; P2, significance between Low & High SS; P3, significance between Intermediate & High SS; SS, YNTAX score; HBA1c, 
Haemoglobin A1c; LDL, Low-Density Lipoprotein; HDL, Low-Density Lipoprotein; TG, Triglycerides BMI, Body Mass Index; ACEI, Angiotensin-converting enzyme 
inhibitors; BB, Beta-blockers; CCB, Calcium channel blockers; B/min (beat/ minute); LVEF, Left Ventricular Ejection Fraction; SBP, Systolic Blood Pressure; DBP, Diastolic 
Blood Pressure; AO, Aorta;SV, Stroke Volume; SVI, Stroke Volume Index; PP, Pulse pressure

*Significant P-value

Low SS (n = 61) Intermediate SS (n = 70) High SS (n = 69) F/ X2 P. value P1 P2 P3

Age Mean ± SD 54.21 ± 5.00 56.37 ± 5.78 60.38 ± 5.59 21.351 0.001* 0.026* 0.001* 0.001*

Smoking N 2 1 2 0.526 0.769 0.480 0.900 0.551

% 3.3% 1.4% 2.9%

Hypertension N 19 21 19 0.216 0.898 0.887 0.651 0.748

% 31.1% 30.0% 27.5%

BMI (Kg/m2) Mean ± SD 30.33 ± 3.65 29.52 ± 3.97 30.06 ± 3.45 0.831 0.437 0.211 0.677 0.389

Medications

ACEI N 36 44 39 0.587 0.746 0.653 0.774 0.446

% 60% 63% 56%

BB N 26 31 33 0.381 0.828 0.848 0.552 0.675

% 42% 44% 48%

CCB N 10 14 13 0.287 0.865 0.595 0.715 0.863

% 16% 20% 19%

Statins N 36 43 40 0.182 0.914 0.778 0.904 0.678

% 59% 61% 58%

Anti-diabetic treatment

Insulin N 20 21 25 0.612 0.736 0.732 0.680 0.435

% 32% 30% 36%

Oral hypoglycaemics N 35 41 39 0.063 0.970 0.890 0.922 0.807

% 57% 58% 56%

Insulin + oral hypoglycae-
mics

N 6 8 5 0.719 0.698 0.769 0.596 0.397

% 10% 11% 7%

Time since diabetes diag-
nosis (Years)

Mean ± SD 5.54 ± 2.64 5.50 ± 2.63 5.68 ± 2.70 0.088 0.916 0.930 0.764 0.688

Age at menopause (Year) Mean ± SD 47.62 ± 1.53 47.86 ± 1.52 47.90 ± 1.43 0.633 0.532 0.371 0.294 0.870

HBA1c (%) Mean ± SD 7.02 ± 0.62 7.01 ± 0.62 7.01 ± 0.55 0.002 0.998 0.971 0.951 0.979

LDL (mg/dl) Mean ± SD 130.36 ± 42.28 137.62 ± 37.63 127.90 ± 38.21 1.143 0.321 0.293 0.722 0.147

HDL (mg/dl) Mean ± SD 44.56 ± 8.05 45.51 ± 7.40 44.23 ± 7.73 0.516 0.597 0.480 0.811 0.328

TG (mg/dl) Mean ± SD 208.75 ± 47.15 214.07 ± 44.16 206.39 ± 44.79 0.523 0.594 0.504 0.767 0.319

LVEF % Mean ± SD 60.79 ± 5.00 60.71 ± 5.12 60.90 ± 4.92 0.024 0.977 0.934 0.899 0.829

Heart Rate (B/min) Mean ± SD 66.95 ± 6.62 65.87 ± 6.32 66.09 ± 6.37 0.504 0.605 0.339 0.445 0.844

SBP (mmHg) Mean ± SD 113.52 ± 12.92 105.36 ± 8.40 106.01 ± 10.38 11.625 0.001* 0.001* 0.001* 0.716

DBP (mmHg) Mean ± SD 83.11 ± 9.92 74.71 ± 7.01 72.46 ± 8.34 28.190 0.001* 0.001* 0.001* 0.118

Pulse pressure Mean ± SD 30.41 ± 6.08 30.64 ± 5.24 33.55 ± 5.82 6.340 0.002* 0.816 0.002* 0.003*

AoS(cm) Mean ± SD 3.40 ± 0.49 3.38 ± 0.49 3.40 ± 0.48 0.080 0.923 0.733 0.995 0.730

AoD (cm) Mean ± SD 3.19 ± 0.51 3.18 ± 0.51 3.30 ± 0.48 1.191 0.306 0.868 0.228 0.156

Aortic distensibility(cm2/
dyn/103)

Mean ± SD 4.83 ± 2.19 4.32 ± 1.84 2.01 ± 0.67 53.748 0.001* 0.079 0.001* 0.001*

Aortic strain % Mean ± SD 6.99 ± 2.86 6.51 ± 2.73 3.27 ± 0.86 51.279 0.001* 0.239 0.001* 0.001*

Aortic stiffness index Mean ± SD 2.449 ± 0.470 2.482 ± 0.463 3.062 ± 0.230 50.036 0.001* 0.641 0.001* 0.001*

SV (ml) Mean ± SD 68.85 ± 8.91 69.27 ± 7.80 68.59 ± 8.16 0.118 0.888 0.773 0.859 0.630

SVi (ml/m2) Mean ± SD 44.06 ± 7.46 43.74 ± 4.19 43.78 ± 3.75 0.069 0.933 0.731 0.764 0.965

PP/SVi Mean ± SD 0.81 ± 0.97 0.71 ± 0.16 0.77 ± 0.14 0.601 0.549 0.279 0.652 0.514
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In a retrospective analysis of the Women’s Angio-
graphic Vitamin and Estrogen (WAVE) trial Ahmad et al. 
[31] discovered a complex relationship between DM and 
the evolution of CAD in postmenopausal women they 
found even at low HbA1c rates, clinically evident DM, 
rather than increased glycosylated hemoglobin (HbA1c) 
alone, appears to enhance the advancement of estab-
lished coronary lesions.

After menopause, both the prevalence and mortal-
ity of CAD in women rise. Age, abdominal obesity, and 
in particular (DM), combined with ovarian function 
loss and the resulting lack of endogenous estrogens, 

accelerate the development of atherosclerosis. It is gen-
erally known that estrogen positively affects some of 
the main CAD risk factors [32].

The hallmark of the current study is that the increased 
aortic stiffness as measured by AD, ASI, and the AS was 
related to more aggressive coronary atherosclerosis 
and high SS in diabetic postmenopausal women. In our 
cohort, this finding was not dependent on other tra-
ditional cardiometabolic risk factors such as smoking 
status, history of hypertension, BMI, HBA1c, and lipid 
profile levels as these factors did not show any signifi-
cant difference between the studied groups.

Table 2  Univariate and multivariate analysis of predictors of high SYNTAX score

SBP, systolic blood pressure; DBP, diastolic blood pressure

*Significant P-value

Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age 0.684 (0.451–0.796) 0.003* 0.237(0.174–0.594) 0.027*

SBP 2.634 (1.574–4.872) 0.016* 1.854 (0.834–3.527) 0.103

DBP 1.857 (1.216–2.364) 0.008* 1.324 (0.635–2.417) 0.091

Pulse pressure 0.617 (0.234–0.761) 0.007* 0.847 (0.327–1.851) 0.164

Aortic distensibility 1.954 (1.108–3.627) 0.001* 1.236 (1.017–2.864) 0.019*

Aortic strain 2.415 (1.864–3.627) 0.001* 1.964 (1.306–2.875) 0.016*

Aortic stiffness index 0.527 (0.234–0.867) 0.001* 0.765 (0.507–0.913) 0.010*

Fig. 2  The receiving operator characteristics curve for aortic distensibility
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Moreover, in the multivariate analysis, after adjusting 
different variables that can affect the severity of coro-
nary artery disease, the parameters mentioned above 
were found to be independent predictors of a high SS.

Aortic elasticity plays a vital role in maintaining 
blood flow during diastole. It regulates the pulsatile 
flow of blood from the heart and makes a steady state 
of flow to different body organs [33]. Arterial stiffness 

Fig. 3  The receiving operator characteristics curve for aortic stiffness index

Fig. 4  The receiving operator characteristics curve for aortic strain
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leads to end-organ damage [34, 35] and can lead to 
reduced coronary blood flow [36] and left ventricular 
hypertrophy [37].

It is difficult to ignore the impact of age when analyzing 
how menopause affects arterial stiffness. However, it has 
been documented that estrogen deficit in postmenopau-
sal women worsens the effects of aging on arterial stiff-
ness. Additionally, the renin-angiotensin system is also 
activated, atherogenic inflammatory cytokines are pro-
duced, and collagenase activity is decreased by estrogen 
deficiency [25].

Estrogen receptors α and β are present in the human 
vasculature, and estradiol is thought to keep the elasticity 
of the aorta through vasodilatation and vascular matrix 
formation [28]. There is strong evidence that apart from 
the classic cardiovascular risk factors, the mechanism of 
aortic stiffness involves a process of inflammation and 
cytokines activation [38], and menopause is associated 
with a state of low-grade systemic inflammation that may 
help in the progression of aortic stiffness [39].

Many studies used the carotid-femoral pulse-wave veloc-
ity [28] and ankle-brachial index [40] as a marker of arte-
rial stiffness. They proved that aortic stiffness could predict 
cardiovascular risk, especially in postmenopausal women.

Similar to our study Karakurt et al. [41] found that ASI, 
AS, and elasticity were related to the severity of coronary 
artery disease; however, their study included three hun-
dred sixty-seven patients of both sex. In the same con-
text, El-Naggar et  al. [42] concluded in their study that 
simple M-mode-derived aortic elasticity indices might 
predict patients with more severe and complex CAD. All 
these data are matched with our findings.

The limitation of this study includes the small sample 
size as we calculated the sample size to the whole study 
population for each group; we can not exclude the influ-
ence of age on our results.

Conclusions
In diabetic postmenopausal aortic elasticity parameters 
evaluated by echocardiography might predict high SS.

Abbreviations
CAD	� Coronary artery disease
CV	� Cardiovascular risk
SS	� SYNTAX score
LVEF	� Left ventricular ejection fraction
PCI	� Percutaneous coronary intervention
AoS	� Aortic systolic diameter
AoD	� Diastolic diameter
ASI	� Aortic stiffness index
AS	� Aortic strain
AD	� Aortic distensibility
SV	� Stroke volume
Svi	� Stroke volume index
BMI	� Body mass index
HbA1c	� Hemoglobin A1c

Acknowledgements
We want to thank our colleagues, Technicians, and nurses for helping with this 
work.

Author contributions
M.N: (a) The conception of the work. (b) Performing echocardiography (c) Pre-
paring the manuscript (d) Data collection. A.A: (a) Data analysis and interpreta-
tion (b) Performing echocardiography (c) Drafting the article (d) Draft revision. 
Both authors reviewed the manuscript. Both authors read and approved the 
final manuscript.

Funding
The authors received no specific funding for this work.

Availability of data and materials
The datasets used and or analyzed during the current study are available from 
the corresponding author upon request.

Declarations

Ethics approval and consent to participate
We conducted the study protocol following the Declaration of Helsinki. The 
local ethical committee of Tanta University, Faculty of Medicine, all methods 
were performed following the relevant guidelines and regulations (committee 
reference number: 35838/9/22).In addition, all the patients signed informed 
written consent of participation.

Consent to publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 January 2023   Accepted: 19 April 2023

References
	1.	 Pathak LA, Shirodkar S, Ruparelia R, Rajebahadur J (2017) Coronary artery 

disease in women. Indian Heart J 69:532–538. https://​doi.​org/​10.​1016/j.​
ihj.​2017.​05.​023

	2.	 Saltiki K, Cimponeriu A, Lili K, Peppa M, Anastasiou E, Alevizaki M (2008) 
Severity of coronary artery disease in postmenopausal diabetic women. 
Hormones 7:148–155. https://​doi.​org/​10.​1007/​BF034​01506

	3.	 Manzo-Silberman S (2020) Percutaneous coronary intervention in 
women: is sex still an issue? Minerva Cardioangiol. https://​doi.​org/​10.​
23736/​S0026-​4725.​20.​05203-2

	4.	 Rao U, Buchanan GL, Hoye A (2019) Outcomes after percutaneous coro-
nary intervention in women: are there differences when compared with 
men? Intervent Cardiol Rev 14:70–75. https://​doi.​org/​10.​15420/​icr.​2019.​09

	5.	 Ueda K, Fukuma N, Adachi Y, Numata G, Tokiwa H, Toyoda M et al (2021) 
Sex differences and regulatory actions of estrogen in cardiovascular 
system. Front Physiol. https://​doi.​org/​10.​3389/​fphys.​2021.​738218

	6.	 Gurka MJ, Vishnu A, Santen RJ, DeBoer MD (2016) Progression of meta-
bolic syndrome severity during the menopausal transition. J Am Heart 
Assoc. https://​doi.​org/​10.​1161/​JAHA.​116.​003609

	7.	 Huxley R, Barzi F, Woodward M (2006) Excess risk of fatal coronary heart 
disease associated with diabetes in men and women: meta-analysis of 37 
prospective cohort studies. BMJ 332:73–78. https://​doi.​org/​10.​1136/​bmj.​
38678.​389583.​7C

	8.	 Dec-Gilowska M, Trojnar M, Makaruk B, Mosiewicz-Madejska B, Dzida G, 
Mosiewicz J (2020) Local elasticity of the aorta in patients with type 2 
diabetes mellitus. J Int Med Res 48:030006052095264. https://​doi.​org/​10.​
1177/​03000​60520​952643

	9.	 Kim H-L, Kim S-H (2019) Pulse wave velocity in atherosclerosis. Front 
Cardiovasc Med. https://​doi.​org/​10.​3389/​fcvm.​2019.​00041

https://doi.org/10.1016/j.ihj.2017.05.023
https://doi.org/10.1016/j.ihj.2017.05.023
https://doi.org/10.1007/BF03401506
https://doi.org/10.23736/S0026-4725.20.05203-2
https://doi.org/10.23736/S0026-4725.20.05203-2
https://doi.org/10.15420/icr.2019.09
https://doi.org/10.3389/fphys.2021.738218
https://doi.org/10.1161/JAHA.116.003609
https://doi.org/10.1136/bmj.38678.389583.7C
https://doi.org/10.1136/bmj.38678.389583.7C
https://doi.org/10.1177/0300060520952643
https://doi.org/10.1177/0300060520952643
https://doi.org/10.3389/fcvm.2019.00041


Page 9 of 9Naseem and Alaarag ﻿The Egyptian Heart Journal           (2023) 75:33 	

	10.	 Vlachopoulos C, Aznaouridis K, Stefanadis C (2010) Prediction of cardio-
vascular events and all-cause mortality with arterial stiffness. J Am Coll 
Cardiol 55:1318–1327. https://​doi.​org/​10.​1016/j.​jacc.​2009.​10.​061

	11.	 Kaolawanich Y, Boonyasirinant T (2020) Incremental prognostic value of 
aortic stiffness in addition to myocardial ischemia by cardiac magnetic 
resonance imaging. BMC Cardiovasc Disord 20:287. https://​doi.​org/​10.​
1186/​s12872-​020-​01550-w

	12.	 Kollias A, Kyriakoulis KG, Gravvani A, Anagnostopoulos I, Stergiou GS 
(2020) Automated pulse wave velocity assessment using a professional 
oscillometric office blood pressure monitor. J Clin Hypertens 22:1817–
1823. https://​doi.​org/​10.​1111/​jch.​13966

	13.	 Chirinos JA (2016) Echocardiographic assessment of large artery stiffness. 
J Am Soc Echocardiogr 29:1117–1121. https://​doi.​org/​10.​1016/j.​echo.​
2016.​09.​004

	14.	 Cecelja M, Chowienczyk P (2012) Role of arterial stiffness in cardiovascu-
lar disease. JRSM Cardiovasc Dis 1:1–10. https://​doi.​org/​10.​1258/​cvd.​2012.​
012016

	15.	 Yildiz A, Gur M, Yilmaz R, Demirbag R (2008) The association of elasticity 
indexes of ascending aorta and the presence and the severity of coro-
nary artery disease. Coron Artery Dis 19:311–317. https://​doi.​org/​10.​1097/​
MCA.​0b013​e3283​004290

	16.	 Classification and Diagnosis of Diabetes (2021) Standards of medical care 
in diabetes—2021. Diabetes Care 44:S15-33. https://​doi.​org/​10.​2337/​
dc21-​S002

	17.	 Lumsden MA (2016) The NICE guideline—menopause: diagnosis and 
management. Climacteric 19:426–429. https://​doi.​org/​10.​1080/​13697​137.​
2016.​12224​83

	18.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M et al 
(2018) 2018 ESC/ESH guidelines for the management of arterial hyper-
tension. Eur Heart J 39:3021–3104. https://​doi.​org/​10.​1093/​eurhe​artj/​
ehy339

	19.	 Sianos G, Morel M-A, Kappetein AP, Morice M-C, Colombo A, Dawkins K 
et al (2005) The SYNTAX score: an angiographic tool grading the com-
plexity of coronary artery disease. EuroIntervention 1:219–227

	20.	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L et al 
(2015) Recommendations for cardiac chamber quantification by echocar-
diography in adults: an update from the american society of echocardi-
ography and the European Association of Cardiovascular Imaging. J Am 
Soc Echocardiogr 28:1-39.e14. https://​doi.​org/​10.​1016/j.​echo.​2014.​10.​003

	21.	 Fahey M, Ko HH, Srivastava S, Lai WW, Chatterjee S, Parness IA et al (2009) 
A comparison of echocardiographic techniques in determination of arte-
rial elasticity in the pediatric population. Echocardiography 26:567–573. 
https://​doi.​org/​10.​1111/j.​1540-​8175.​2008.​00849.x

	22.	 Dernellis J, Panaretou M (2005) Aortic stiffness is an independent 
predictor of progression to hypertension in nonhypertensive subjects. 
Hypertension 45:426–431. https://​doi.​org/​10.​1161/​01.​HYP.​00001​57818.​
58878.​93

	23.	 Rusinaru D, Bohbot Y, Ringle A, Maréchaux S, Diouf M, Tribouilloy C (2018) 
Impact of low stroke volume on mortality in patients with severe aortic 
stenosis and preserved left ventricular ejection fraction. Eur Heart J 
39:1992–1999. https://​doi.​org/​10.​1093/​eurhe​artj/​ehy123

	24.	 el Khoudary SR, Aggarwal B, Beckie TM, Hodis HN, Johnson AE, Langer 
RD et al (2020) Menopause transition and cardiovascular disease risk: 
implications for timing of early prevention: a scientific statement from 
the American Heart Association. Circulation. https://​doi.​org/​10.​1161/​CIR.​
00000​00000​000912

	25.	 Maiello M, Zito A, Ciccone MM, Palmiero P (2014) How aortic stiffness in 
postmenopausal women is related to common cardiovascular risk fac-
tors. Cardiol Res Pract 2014:1–5. https://​doi.​org/​10.​1155/​2014/​216080

	26.	 Smulyan H, Asmar RG, Rudnicki A, London GM, Safar ME (2001) Compara-
tive effects of aging in men and women on the properties of the arterial 
tree. J Am Coll Cardiol 37:1374–1380. https://​doi.​org/​10.​1016/​S0735-​
1097(01)​01166-4

	27.	 Palmiero P, Maiello M, Daly DD, Ciccone MM, Nanda NC (2012) Aortic stiff-
ness assessed by global pulse wave velocity in postmenopausal women: 
an ultrasonographic study. Echocardiography 29:1233–1238. https://​doi.​
org/​10.​1111/j.​1540-​8175.​2012.​01786.x

	28.	 Samargandy S, Matthews KA, Brooks MM, Barinas-Mitchell E, Magnani JW, 
Janssen I et al (2020) Arterial stiffness accelerates within 1 year of the final 
menstrual period: the SWAN heart study. Arterioscler Thromb Vasc Biol. 
https://​doi.​org/​10.​1161/​ATVBA​HA.​119.​313622

	29.	 London GM, Guerin AP, Pannier B, Marchais SJ, Stimpel M (1995) Influence 
of sex on arterial hemodynamics and blood pressure. Hypertension 
26:514–519. https://​doi.​org/​10.​1161/​01.​HYP.​26.3.​514

	30.	 Mellen PB, Cefalu WT, Herrington DM (2006) Diabetes, the metabolic 
syndrome, and angiographic progression of coronary arterial disease 
in postmenopausal women. Arterioscler Thromb Vasc Biol 26:189–193. 
https://​doi.​org/​10.​1161/​01.​ATV.​00001​91656.​71812.​7c

	31.	 Ahmad S, Xue Z, Silverman A, Lindsay J (2013) Complexity of the relation 
between hemoglobin A1C, diabetes mellitus, and progression of coro-
nary narrowing in postmenopausal women. Am J Cardiol 111:793–799. 
https://​doi.​org/​10.​1016/j.​amjca​rd.​2012.​11.​057

	32.	 Boukhris M, Tomasello SD, Marzà F, Bregante S, Pluchinotta FR, Galassi 
AR (2014) Coronary heart disease in postmenopausal women with type 
II diabetes mellitus and the impact of estrogen replacement therapy: a 
narrative review. Int J Endocrinol 2014:1–8. https://​doi.​org/​10.​1155/​2014/​
413920

	33.	 Laurent S, Cockcroft J, van Bortel L, Boutouyrie P, Giannattasio C, Hayoz D 
et al (2006) Expert consensus document on arterial stiffness: methodo-
logical issues and clinical applications. Eur Heart J. https://​doi.​org/​10.​
1093/​eurhe​artj/​ehl254

	34.	 Laurent S, Katsahian S, Fassot C, Tropeano AI, Gautier I, Laloux B et al 
(2003) Aortic stiffness is an independent predictor of fatal stroke in essen-
tial hypertension. Stroke. https://​doi.​org/​10.​1161/​01.​STR.​00000​65428.​
03209.​64

	35.	 Ohya Y, Iseki K, Iseki C, Miyagi T, Kinjo K, Takishita S (2006) Increased pulse 
wave velocity is associated with low creatinine clearance and proteinuria 
in a screened cohort. Am J Kidney Dis. https://​doi.​org/​10.​1053/j.​ajkd.​
2006.​01.​027

	36.	 Ikonomidis I, Lekakis J, Papadopoulos C, Triantafyllidi H, Paraskevaidis I, 
Georgoula G et al (2008) Incremental value of pulse wave velocity in the 
determination of coronary microcirculatory dysfunction in never-treated 
patients with essential hypertension. Am J Hypertens. https://​doi.​org/​10.​
1038/​ajh.​2008.​172

	37.	 Russo C, Jin Z, Palmieri V, Homma S, Rundek T, Elkind MSV et al (2012) 
Arterial stiffness and wave reflection: sex differences and relationship 
with left ventricular diastolic function. Hypertension. https://​doi.​org/​10.​
1161/​HYPER​TENSI​ONAHA.​112.​191148

	38.	 Yasmin McEniery CM, Wallace S, Mackenzie IS, Cockcroft JR, Wilkinson IB 
(2004) C-reactive protein is associated with arterial stiffness in apparently 
healthy individuals. Arterioscler Thromb Vasc Biol. https://​doi.​org/​10.​
1161/​01.​ATV.​zhq05​04.​0173

	39.	 Woodard GA, Mehta VG, MacKey RH, Tepper P, Kelsey SF, Newman AB et al 
(2011) C-reactive protein is associated with aortic stiffness in a cohort of 
African American and white women transitioning through menopause. 
Menopause. https://​doi.​org/​10.​1097/​gme.​0b013​e3182​1f81c2

	40.	 Buso G, Darioli R, Calanca L, Depairon M, Schwitter J, Mazzolai L et al 
(2022) In postmenopausal women, lower limb peripheral arterial disease, 
assessed by ankle-brachial index, may be a strong predictor of cardiovas-
cular risk. Eur J Intern Med. https://​doi.​org/​10.​1016/j.​ejim.​2022.​02.​002

	41.	 Karakurt A, Yildiz C, Yildiz A, Başbuğ HS (2016) Assessment of relation 
between aortic elastic properties and the complexity of coronary artery 
disease. Acta Cardiol. https://​doi.​org/​10.​2143/​AC.​71.3.​31520​86

	42.	 El-Naggar H, Anwar H, Helmy H, Demitry S (2021) Aortic elasticity indices 
as predictors of coronary artery disease severity assessed by SYNTAX score. 
J Cardiovasc Echogr 31:234. https://​doi.​org/​10.​4103/​jcecho.​jcecho_​31_​21

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jacc.2009.10.061
https://doi.org/10.1186/s12872-020-01550-w
https://doi.org/10.1186/s12872-020-01550-w
https://doi.org/10.1111/jch.13966
https://doi.org/10.1016/j.echo.2016.09.004
https://doi.org/10.1016/j.echo.2016.09.004
https://doi.org/10.1258/cvd.2012.012016
https://doi.org/10.1258/cvd.2012.012016
https://doi.org/10.1097/MCA.0b013e3283004290
https://doi.org/10.1097/MCA.0b013e3283004290
https://doi.org/10.2337/dc21-S002
https://doi.org/10.2337/dc21-S002
https://doi.org/10.1080/13697137.2016.1222483
https://doi.org/10.1080/13697137.2016.1222483
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1111/j.1540-8175.2008.00849.x
https://doi.org/10.1161/01.HYP.0000157818.58878.93
https://doi.org/10.1161/01.HYP.0000157818.58878.93
https://doi.org/10.1093/eurheartj/ehy123
https://doi.org/10.1161/CIR.0000000000000912
https://doi.org/10.1161/CIR.0000000000000912
https://doi.org/10.1155/2014/216080
https://doi.org/10.1016/S0735-1097(01)01166-4
https://doi.org/10.1016/S0735-1097(01)01166-4
https://doi.org/10.1111/j.1540-8175.2012.01786.x
https://doi.org/10.1111/j.1540-8175.2012.01786.x
https://doi.org/10.1161/ATVBAHA.119.313622
https://doi.org/10.1161/01.HYP.26.3.514
https://doi.org/10.1161/01.ATV.0000191656.71812.7c
https://doi.org/10.1016/j.amjcard.2012.11.057
https://doi.org/10.1155/2014/413920
https://doi.org/10.1155/2014/413920
https://doi.org/10.1093/eurheartj/ehl254
https://doi.org/10.1093/eurheartj/ehl254
https://doi.org/10.1161/01.STR.0000065428.03209.64
https://doi.org/10.1161/01.STR.0000065428.03209.64
https://doi.org/10.1053/j.ajkd.2006.01.027
https://doi.org/10.1053/j.ajkd.2006.01.027
https://doi.org/10.1038/ajh.2008.172
https://doi.org/10.1038/ajh.2008.172
https://doi.org/10.1161/HYPERTENSIONAHA.112.191148
https://doi.org/10.1161/HYPERTENSIONAHA.112.191148
https://doi.org/10.1161/01.ATV.zhq0504.0173
https://doi.org/10.1161/01.ATV.zhq0504.0173
https://doi.org/10.1097/gme.0b013e31821f81c2
https://doi.org/10.1016/j.ejim.2022.02.002
https://doi.org/10.2143/AC.71.3.3152086
https://doi.org/10.4103/jcecho.jcecho_31_21

	Relation between aortic elasticity parameters and SYNTAX score in postmenopausal diabetic women
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Study population
	Angiographic procedure
	Echocardiographic evaluation
	Reproducibility
	Statistical analysis

	Results
	Reproducibility

	Discussion
	Conclusions
	Acknowledgements
	References


