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Abstract
Background: Arterial stiffness measurement still plays a role in prediction of future cardiovascular events, thus help-
ing for quantification of patients’ cardiovascular (CV) risk level. However, significant measurement difficulties still 
exist, making its widespread evaluation not routinary. At present indices of arterial stiffness have not been associated 
with qualitative morphological characteristics of intima-media complex. The intima-media thickness (IMT) meas-
urement is no longer recommended in the cardiovascular disease (CVD) risk assessment due to lack of a standard 
acquisition protocol. The intima media gray scale median (IM-GSM) is a relatively simple measurement, acquirable 
during a conventional carotid color-Doppler ultrasound examination. This study aims at investigating the possible 
relationship between arterial stiffness and echogenicity of IM-GSM of the common carotid arteries, in patients 
already diagnosed with arterial hypertension. 
Material and methods: A total of 421 hypertensive patients were retrospectively selected from our database of hy-
pertension outpatients ambulatory. They were divided into two groups according to IM-GSM values (cutoff value: 
30) and then subsequently compared. 
Results: In our study population, subjects with IM-GSM > 30 showed a statistically increased arterial stiffness 
and left ventricle mass index. A weak positive correlation was also found between IM-GSM, systolic blood pressure 
and duration of hypertension. 
Conclusion: The data presented here indicated that the variation of arterial stiffness observed in hypertensive pa-
tients is associated with structural modifications in carotid arterial wall.  
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Introduction

The latest guidelines for the management of arte-
rial hypertension released by the European Society 
of Cardiology (ESC) in 2023, still describe arterial 
stiffening as a major causal factor of isolated systol-
ic hypertension and age-related increase in pulse 
pressure [1]. It results from morphological modifi-
cations in large arteries, leading to a loss of vessel 
elasticity and the distending force resulting from 
the pressure exerted on the arterial wall [1]. Loss 
of elasticity seems to be an early manifestation of 
atherosclerosis and it is strictly related to the ageing 
process of the vasculature [2].

According to the more recent European Society 
of Cardiology (ESC) Guidelines on cardiovascular 
disease (CVD) prevention, published in 2021 [3], 
measurement of arterial stiffness (AS) is still recom-
mended in CVD risk assessment. Previous studies 
show that, regardless of age, arterial stiffening is 
linked to CVD risk factors, such as hypertension, 
diabetes [4, 5] and cardiovascular target organ dam-
age (TOD) secondary to arterial hypertension [6]. 
It has also been independently associated with high-
er risk of ischemic stroke and cardiovascular (CV) 
mortality [7]. 

Carotid-femoral pulse wave velocity (PWV) is 
currently considered the gold standard technique 
for evaluation of large arteries stiffness. A PWV 
value > 10 m/s is indicated as a reliable marker 
of significant alterations of aortic function in mid-
dle-aged hypertensive patients [8]. It may also be 
used to assess ventricular-arterial coupling and mon-
itor therapy effectiveness in patients with arterial hy-
pertension [9]. Randomized clinical trials and meta-
nalysis indicate that angiotensin-converting enzyme 
inhibitors (ACEIs) and angiotensin-receptor block-
ers (ARBs) may improve PWV beyond the effect of 
BP lowering in the long-term [10, 11]. However, 
measurement difficulties and lack of distribution of 
appropriate devices averse its widespread use.  

Focusing on echographic images of the arterial 
wall, intima-media-thickness (IMT) measurement 
is the most studied parameter for evaluation of IM 
complex. However, its systematic use in the CVD 
risk assessment is no longer recommended due to 
lack of a standardized protocol and inability to re-
classify the subjects toward higher CV risk [12, 13]. 

Recently, more attention has been paid on qual-
itative evaluation of echogenicity of IM complex 
and carotid plaques, using the Gray Scale Medi-
an (GSM) measurement [14]. Plaque echogenicity 
assessed by ultrasound has been found to reliably 
predict its morphology defining its soft content 

and the calcification degree [15, 16]. Moreover, 
GSM has been linked to most common CV risk 
factors [15, 16]. Intima-media GSM (IM-GSM) 
measurement is strictly related to GSM in athero-
sclerotic plaques, suggesting a similar histological 
correlation [17]. 

The study from Jashari et al. suggests that 
IM-GSM could be a better marker than IMT for 
evaluating multiple arterial district disease, since it 
could contrast the differences among several arterial 
territories affected by atherosclerosis [18]. Despite 
this evidence, the relationship between echogenicity 
of IM complex and carotid arterial stiffness remains, 
to date, less explored.

In the present study, we have evaluated simultane-
ously carotid-femoral-PWV and IM-GSM, in order 
to correlate these two parameters and trying to rein-
force its possible role in arterial stiffness evaluation.

Material and methods 

We have retrospectively analyzed the database 
of hypertensive outpatients admitted to our ambu-
latory, selecting data between October 2018 and De-
cember 2022. The following filter criteria have been 
applied:  
•	 age between 35 and 65 years old;
•	 full clinical history and complete physical exam-

ination availability;
•	 lipid profile, creatinine, and fasting plasma glu-

cose availability;
•	 carotid artery ultrasonography, 2D-ColorDop-

pler echocardiography, arterial stiffness measure-
ment, IM-GSM measurement availability;

•	 diagnosis of grade I and II essential hypertension 
based on confirmation of systolic blood pressure 
(SBP) > 140 mm Hg and/or diastolic blood pres-
sure (DBP) > 90 mm Hg on at least three visits, 
or in presence of antihypertensive treatment.

The following exclusion criteria were applied:
•	 patients with secondary hypertension;
•	 end-stage kidney disease;
•	 diabetes mellitus;
•	 atrial fibrillation;
•	 carotid plaques;
•	 severe valvular heart disease;
•	 inadequate echographic window.

The study complies with the principle of Good 
Clinical Practice and the Declaration of Helsinki. 
Local Ethics Committee approves this retrospective 
analysis. Informed consent was obtained from all 
subjects involved in the study. Once the above crite-
ria were applied to the database, a final cohort of 421 
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patients was identified for the final analysis. Pop-
ulation characteristics are summarized in Table 1. 
In our study population, 38% of our patients were 
previously treated for hypertension and only 7% for 
dyslipidemia. ACEIs, calcium antagonists and di-
uretics were the most used antihypertensive medica-
tions, while statins (mostly atorvastatin, rosuvastatin 
or simvastatin) were used for hypercholesterolemia. 

As for standard procedure of our ambulatory, 
blood pressure was performed with a validated au-
tomatic sphygmomanometer of appropriate-sized 
rubber cuff around the non-dominant arm accord-
ing the current guidelines [1] and international in-
dications [19]. During each visit, three consecutive 

BP readings were obtained with the patient seated 
and at rest for at least 10 minutes. The mean of 
the three readings is subsequently used, rounded to 
the nearest 2 mm on the scale. 

Arterial stiffness was analyzed using Complior 
SP (Complior II © — Fig. 1) to measure carot-
id-femoral-PWV. Carotid and femoral probes are 
put on the left side, respectively at carotid and fem-
oral pulses; the distance between the two probes 
is automatically calculated by the device, based on 
each subject’s height and weight. A PWV of 10 m/s 
is used as cutoff for normal values (calculating a real 
travelled distance of pulse wave as 80% of the direct 
anatomical distance between common carotid artery 
and femoral artery) [8]; a PWV value between 10 
and 12 m/s is estimated mildly pathological; PWV 
values > 12 m/s (the cutoff value based on the 100% 
of distance between common carotid and femoral 
artery) [20] is estimated frankly pathological.

IM-GSM was measured using a pre-specified soft-
ware (RFA system, ALOKA© — Fig. 2). A region 
of interest (ROI) is placed manually surrounding 
the IM complex in a 10-mm area in the posterior 
wall of the common carotid artery. The ROI is con-
sidered from 5 mm proximal to the carotid bulb 

Table 1. Characteristics of studied population

Study population (n)

Patients 421

Male ♂ 232

Female ♀ 189

Smokers 105

HTN therapy 160

HTN — arterial hypertension; HCL — hypercholesterolemia

Figure 1. Arterial stiffness evaluation using carotid-femoral pulse wave velocity (cf-PWV) (Complior II©)
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outside any atherosclerosis lesion. The GSM is calcu-
lated in the range 0 to 256 gray levels per pixel: black 
is used as reference for blood, as white for adventitia. 

A cohort of non-hypertensive patients (n = 50) 
was randomly selected applying the same filtering 
criteria (with the exclusion of confirmed hyper-
tension diagnosis). The 95% percentile reference 
range of IM-GSM for non-hypertensive patients 
was found to be 30 and coefficient of variation for 
IM-GSM was estimated around 3.5%.

Statistical analysis 

Continuous variables are expressed 
as means ± standard deviation (SD) and discrete 
variables as counts and percentages. All statistical 
analyses were performed using GB-STAT version 
6.50 (Dynamic Microsystems, Inc., Silver Spring, 
MD, United States). All the differences between 
the two groups were assessed using Student’s t-test 
for unpaired data. Comparisons of categorical data 
were made using Fisher’s exact test. The Pearson 
correlation coefficient was calculated to investigate 
the linear relationship between variables. Stepwise 
forward regression analysis was performed to as-
sess which factors independently influence arterial 
stiffness, carotid IMT. The selected variables for 

inclusion in the models were those significant at 
univariate analysis. The p < 0.05 was considered 
statistically significant. K-statistic was used to assess 
inter- and intra-reader variability for echocardio-
graphic and ultrasonographic parameters.

Results

The demographic and clinical parameters of our 
patients are shown in Table 2, where is report-
ed each parameters at admission and according 
the IM-GSM values: group 1 (IM-GSM ≤ 30) 
and group 2 (IM-GSM >30). The correlation of 
IM-GSM values with age, gender, BMI and heart rate 
was not statistically significant, whereas a correla-
tion in smokers (20% in group 1 VS 50% in group 
2) was found. Subjects in group 2 (IM-GSM > 30) 
showed higher SBP and pulse pressure compared to 
those in group 1 (IM-GSM ≤ 30) (p < 0.05). A pos-
itive correlation was also found with time-duration 
of hypertension. Diastolic blood pressure values 
were mildly higher as well, but difference did not 
reach statistical significance. 

Moreover, we did not find a significant differences 
in fasting plasma glucose, lipid profile [total choles-
terol, high-density lipoprotein cholesterol (HDL-C) 
and triglycerides] or serum creatinine in these two 

Figure 2. Intima-media gray scale median (IM-GSM) measurement (ALOKA©)
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groups, even though higher values of total cholester-
ol and triglycerides were detected in IM-GSM > 30 
group as reported in Table 3.  

Focusing on echocardiographic measurement, 
a positive correlation was found between IM-GSM 
values and left ventricular mass index (p < 0.05). 
IMT values between the two groups did not reach 
any statistical significance, suggesting that IMT 
and IM-GSM values are uncorrelated. 

Conversely, a strong positive correlation was 
found between IM-GSM and arterial stiffness pa-
rameter (r = 0.75, p < 0.001): in group 1, PWV val-
ue was equal to or lower than admission value, while 
in group 2 the PWV value (13.1 ± 1.4 m/s) is clearly 
pathological. Regression analysis performed sepa-

rately between IM-GSM or arterial stiffness with 
age, SBP, DBP, pulse pressure, left ventricular mass 
index (LVMI) as independent variables showed that 
only age, IM-GSM and SBP were independently 
correlated to arterial stiffness (Tab. 4).

Discussion

The present study highlights that carotid arte-
rial stiffness and quality of carotid intima-media 
complex assessed by GSM, are significantly linked 
to hypertension as marker of disease. This may be 
explained by the underlying pathophysiological pro-
cess leading to arterial stiffening such as connective 

Table 2. Demographic and clinical parameters at admission and divided by intima-media gray scale median (IM-GSM) values

Admission IM-GSM ≤ 30 (Group 1) IM-GSM > 30 (Group 2) p-value

N° 421 354 67

Age [years] 54 ± 11 53 ± 10 54 ± 8 NS

Male (%) 55 (232) 57 (204) 41 (28)

BMI [kg/m2] 28 ± 4 28 ± 3 28 ± 4 NS

Smokers (%) 25 (105) 20 (71) 50 (34) < 0.05

Heart rate [bpm] 72 ± 11 72 ± 11 73 ± 10 NS

Duration of hypertension [years] 7 ± 6 6 ± 5 8 ± 6 < 0.05

Systolic blood pressure [mm Hg] 147 ± 14 146 ± 13 150 ± 15 < 0.05

Diastolic blood pressure [mm Hg] 92 ± 7 92 ± 7 93 ± 7 NS

Pulse pressure [mm Hg] 55 ± 5 54 ± 6 57 ± 8 < 0.05

BMI — body mass index; NS — non significant

Table 3: Blood test results at admission and divided by intima-media gray scale median (IM-GSM) values

Admission IM-GSM ≤ 30 IM-GSM > 30 p-value

Fasting plasma glucose [mg/dL] 91 ± 11 90 ± 9 92 ± 3 NS

Serum creatinine [mg/dL] 0.92 ± 0.2 0.91 ± 0.2 0.92 ± 0.3 NS

Total cholesterol [mg/dL] 205 ± 35 202 ± 35 208 ± 36 NS

HDL-C [mg/dL] 48 ± 12 48 ± 11 47 ± 11 NS

LDL-C [mg/dL] 126 ± 31 128 ± 33 134 ± 28 NS

Triglycerides [mg/dL] 131 ± 57 128 ± 55 134 ± 57 NS

HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; NS — non significant

Table 4. Echocardiographic parameters and arterial stiffness results at admission and divided intima- media gray scale median (IM-GSM) 
values

Admission IM-GSM ≤ 30 IM-GSM > 30 p-value

IMT [mm] 0.72 ± 0.2 0.71 ± 0.2 0.73 ± 0.2 NS

PWV [m/s] 9.0 ± 2.4 8.0 ± 1.8 13.1 ± 1.4 < 0.05

LVMI [g/m2] 112 ± 26 109 ± 21 117 ± 20 < 0.05

IMT — intima-media thickness; PWV — pulse wave velocity; LVMI — left ventricular mass index
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tissue accumulation in extracellular matrix (includ-
ing collagen, proteoglycans, fibronectin)(21). It has 
been reported that fibrotic tissue is echo-rich at ul-
trasound evaluation, thus increasing GSM measure-
ment values [14]. 

Stiffening of arterial wall leads to a loss in the elas-
tic energy that normally helps to improve organ 
perfusion during diastole. The main consequences 
are intermittent flow and pressure, excessive pres-
sure pulsatility at distal vessels and shorter capillary 
transit time [22], finally resulting in target organ 
damage (TOD) that especially affects brain, kidney 
and heart, strongly influencing the patient’s prog-
nosis [6]. While it is relatively simple to identify 
the stage of hypertension and the presence of other 
risk factors, evaluation of target organ damage is not 
immediate. 

Focusing on cardiac damage, in our study an 
IM-GSM > 30 is associated to higher LVMI. Many 
other reports have suggested a connection between 
increased arterial stiffness and endothelial damage 
[23–25], that lead to higher peripheral resistances, 
increased left ventricular load as well as left ventric-
ular hypertrophy (LVH) [26–28].  

A strong association has been found between 
LVH and higher PWV values [28]. Recently, dia-
stolic dysfunction and heart failure with preserved 
ejection fraction (HFpEF) have been associated to 
increased arterial stiffness, since it seems to impact 
on LV relaxation [37, 29]. It also has been directly 
related to brain vascular damage regardless of other 
cardiovascular risk factors [26]. 

The increase in arterial stiffness is a well-estab-
lished marker of TOD as supported by several in-
dependent evidence [6, 23, 30–33]. In the pres-
ent study, by reporting a correlation between PWV 
and carotid IM-GSM in hypertensive patients, 
we might speculate that this marker could be used 
for TOD evaluation as well. In line with previous ar-
ticles already showing the role of IM-GSM as mark-
er of plaque echogenicity [17, 34] and as surrogate 
of multisite atherosclerosis disease [35], our study 
support its role as simple and reliable marker of 
atherosclerosis, since carotid artery echography may 
be readily available at office visit and it could be rou-
tinely performed in hypertensive patients.

Limitations of our study are the small popula-
tion size and exclusion of patients with common 
comorbidities like diabetes mellitus that is an in-
dependent factor of high cardiovascular risk. Fur-
ther studies are needed to better evaluate whether 
the IM-GSM measurement can be used with this 
category of patients to estimate arterial stiffness. 

Conclusions

This study shows a significant increase in carot-
id arterial stiffness indices in hypertensive patients 
with high IM-GSM. The increased stiffness in these 
subjects does not only depend on increased wall 
thickness, but could be related also to a change in 
arterial wall structure. Carotid-femoral pulse wave 
velocity (cf-PWV) and IM-GSM parameters as 
well might be used as reliable markers of target organ 
damage. In addition, they could give an additional 
information on disease progression and therapeutic 
response. Evaluation of arterial stiffness should be 
considered as part of the routine evaluation of car-
diovascular risk in hypertensive patients.
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