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Abstract
Background: Carotid atherosclerotic disease is a chronic inflammatory disorder that produces an intrinsic immune response and promotes the formation of plaque 
in the vascular endothelium, leading to clinical outcomes.

Aim: To assess the presence of inflammation in patients with carotid atherosclerosis and calcified aortic valve disease (AVD) based on serum markers, endothelial 
function and carotid intima-media thickness (CIMT). 

Method: This is a cohort observational study. Patients with clinical suspicion of AVD were assessed by echocardiography and vascular ultrasound for measuring the 
endothelial function and carotid arteries plaque. Blood samples were taken for determination of inflammatory markers. A multivariate analysis was used to determine 
the most important variable for determine carotid artery disease (CAD) in patients with AVD.

Results: Seventy-two patients with a mean age of 62 ± 11.94 years were included. Forty six percent were men. Forty percent of them had CAD. The patients with 
CAD were older (p=0.001), had more percentage of systemic hypertension (p=0.049) and coronary calcium score> 400 HU (p=0.045).  

Multivariate analysis showed that the strongest predictor of CAD in patients with calcified AVD was age greater than 65 years; Beta 3.57, p= 0.001. In this 
prediction, area under curve was 0.728 (CI95% 0.612-0.844), p=0.006.

Conclusions: In patients with AVD the best predictive marker for CAD was the age over 65 years, which is associated with the appearance of carotid atherosclerotic 
plaques.
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Introduction
The prevalence of carotid atherosclerotic disease increases as the 

population gets older. Epidemiological studies demonstrate that carotid 
atherosclerosis is present in 5% of women and up to 12% of men over 80 
years [1,2]. The presence of carotid atherosclerotic disease contributes 
to the risk of cerebrovascular events, with annual reports ranging from 
0.35-1.3% in asymptomatic patients with moderate stenosis to 0.5-5% 
in patients with severe atherosclerotic disease [2].

Ultrasound measurements of carotid intima media thickness 
(CIMT) is a non-invasive method that allows the identification of 
patients at high risk of cardiovascular events [2,3]. Increased CIMT 
had been associated with progression of coronary artery disease. It 
can predict the occurrence of acute myocardial infarction in addition 
to cerebrovascular events, and it is a variable used in the subclinical 
evaluation of organ lesion and in the stratification of cardiovascular 
risk of the hypertensive population [3]. For every 0.1mm of increase 
in the CIMT, the relative risk of cardiovascular disease increases up 
to 15%. An unstable atherosclerotic plaque has a higher risk of causing 

an atherothrombotic or atheroembolic event including a cerebrovascular 
event and a myocardial infarction. These plaques have a thinner fibrous 
layer, and a large necrotic core or a highly inflammatory reaction within them 

[3]. The presence of matrix metalloproteinase and interleukins have been 
identified as markers of plaque instability and its association with clinical 
events, because they cause matrix degradation and induce an inflammatory 
response that leads to rupture and cerebrovascular events [4,5]. 

The objective of this study was to assess the importance of age and 
inflammation markers and matrix metalloproteinase in patients with 
both carotid atherosclerosis and calcified aortic valve disease.
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Materials and methods
This is a transversal study, in patients who sought medical attention 

in the out-patient care department of our institution, because of a 
clinical suspicion of aortic valve disease. 

Inclusion criteria: a) Patients of both sexes; b) >18 years of age, c) 
systolic murmur on the aortic valve focus; d) patients with suspicion of 
aortic valve disease; d) agreement to participate in the study.

Exclusion criteria: Patients with known aortic valve stenosis; 
patients in treatment for hypertension, diabetes and hyperlipidemia.

Clinical suspicion was defined when the patient had risk factors 
for atherosclerotic disease and a heart murmur, suggesting sclerosis or 
aortic stenosis during the first evaluation. Blood samples were taken for 
a complete blood count, blood chemistry, electrolytes, and markers of 
inflammation (for determination of MMPs, 1, 2, and 9, and of TIMP-1, 
as well as IL 1, 6, CRP, TNF-⍺) as well as a general urinalysis. A resting 
electrocardiogram was performed. A transthoracic echocardiogram 
was performed by a single expert, who was blinded to the results of 
other studies. Endothelial function was determined by high resolution 
vascular ultrasound.  All studies were conducted on the same day. 

Determination of inflammation markers
With the patient in sitting position, 5 ml of blood were taken from 

the antecubital vein with collector tubes. The blood was transported on 
ice and then centrifuged at 600g for 15 min at 4°C. The serum was stored 
in aliquots of 500µL at -70°C until processing. Concentrations of the 
following C-reactive protein (CPR) inflammatory markers (MMPs 1, 
2, 9 and TIMP-1) were determined by immunostaining tests (Sandwich 
ELISA), using commercial kits (R & D systems, Minneapolis, USA) 
according to the instructions of manufacturer. Samples were processed 
in an ELISA reader at a wavelength of 450nm. High sensitivity CRP 
was measured by the nephelometry method (Beckman, Colter, La Brea 
CA, USA).

Evaluation of endothelial function

An endothelial function study was performed on the patient after 
at least 4 hours of fasting. The patient was placed in the supine position 
for 10 minutes before beginning the study. The diameter of the brachial 
artery was measured by high resolution vascular ultrasound at rest, 
during reactive hyperemia, and after administration of sublingual 
nitrate. The brachial artery was scanned in longitudinal section in the 
dominant arm 2 to 15cm proximal to the elbow. The distance was set 
with an anatomical marker. After the baseline measurements, a cuff was 
placed on the arm and inflated to 200mmHg for 5min and the arterial 
diameter was measured one minute after deflation. Three measurements 
of the brachial artery diameter were taken during reactive hyperemia 
and then 4 minutes later after sublingual nitrate. The endothelium-
independent vasodilation was expressed as the percentage of brachial 
artery diameter in comparison to baseline measurements, using the 
formula: arterial diameter in hyperemia- basal artery diameter x100. 
Endothelial dysfunction was defined when the difference between the 
hyperemic diameter and the basal diameter was less than 10% [6].

Carotid intima media thickness

The carotid intima media thickness (CIMT) was measured by 
high resolution vascular ultrasound with a 13 mHz linear transducer. 
Longitudinal plane images of left and right carotid arteries were 
acquired, and the intima media thickness was automatically measured 
in the Qlab. The normal intima media thickness values vary from 

0.59mm in individuals younger than 25 years of age to 0.95mm in those 
older than 65 years of age, [2,3,7].

Transthoracic Echocardiogram (TTE)

The TTE was performed with a Philips IE33 equipment, with M 
mode, two-dimensional and Doppler mode, using a 5 mHz transducer. 
The aortic valve was evaluated in the parasternal long and short axis 
view. The peak and medium velocity and gradient were measured from 
the apical 3 and 5 chambers with pulsed and continuous Doppler. The 
left ventricular mass was measured according to ASE guidelines. The 
left ventricular ejection fraction was calculated from apical 4 and 2 
chambers images by the modified Simpson method [8]. 

Aortic sclerosis was defined as a peak aortic valve velocity of < 2 m/s. 
Moderate aortic stenosis was defined as a valve area of 1.0–1.5 cm2 or a 
mean aortic gradient of 25–40 mmHg, and severe aortic stenosis as a 
valve area of less than 1.0 cm2 or a mean gradient of > than 40 mmHg 
under normal flow conditions [9]. 

Coronary computed tomography (CCTA)
Employing 256-slice dual helical tomography, images of the heart 

and aorta were acquired in 10 seconds. The cardiac examination area 
extended from the carina to the diaphragm. Using a low radiation 
protocol (120 Kv, 50 to 80 mAs) and 3 mm thick images with an 
increment of 1.5 mm. Simple images were acquired to quantify the 
coronary calcium index, which was reported in Agatston units. 
Images were contrasted using 70 to 90 ml. Iopamidol (Iopamiron 370, 
370 mg l / ml: BayerShering Pharma AG, Berlin Germany) using the 
bolus or test bolus tracking technique. The images were acquired in 
the skull-caudal direction with collimation of 64 x 0.6, rotation time 
of 330 msec. Step of 0.24, a voltage of 120 kV and current of 500 to 
750 mAs and reconstructed in retrospective synchronization with 
the electrocardiogram in diastolic phases from 10% to 90% of the RR 
interval with increments of 10% for each of the patients, with a thickness 
of 0.7 mm and an increment of 0.4 mm, using a middle filter (Kernel 
B30f) with a mediastinum window. All the images were transferred and 
reconstructed on a workstation dedicated to a cardiac study (Leonardo 
Siemens). The modified 16-segment system (16 is the branch) of the 
American Heart Association was used. The minimum diameter of 
the coronary vessel to be assessed was 1.5 mm. Reconstructed images 
of all evaluable segments were made in multiple longitudinal and 
transverse axes. It was defined as significant coronary stenosis when the 
obstruction was greater than 50%.

All patients signed the informed consent. The protocol has been 
approved by the ethics and research committee of our institute.

Statistical analysis
Frequency and proportions were used to describe the categorical 

data and the differences were analyzed using the Chi square test. 
Continuous variables were expressed as mean and standard deviation 
using the U Mann-Whitney. The Kruskall-Wallis test with the Dunn´s 
multiple comparison test was used for analyzing more than two groups. 
The MMPs/TIMP-1 index was calculated for each patient and the arithmetic 
mean of the whole group was obtained from the individual data. This mean 
was used to express the global index. Multivariate analysis was used to 
determine the association between endothelial function, carotid intima-
media thickness, inflammatory markers and matrix metalloproteinase 
with carotid atherosclerosis. All of the analyses were performed in two 
phases, and statistical significance was stablished with a p value of < 0.05. 
The GraphPad Prism version 4.02 (graphPAd INC, San Diego CA, USA) 
and the statistical analysis software SPSS 22 were used.
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Results
Seventy-two patients with a mean age of 62 ± 11.94 years were 

included. Forty six percent of the patients were men. Forty percent of 
the studied patients had carotid artery disease (CAD). The demographic 
data in patients with and without CAD are shown in table 1. The 
patients with CAD were older (p=0.001), had more percentage of 

  Non CAD
n= 47

With CAD
n= 25 p

Age (y) 58.92 ± 12.31 68.24 ± 8.45 0.001
(IC95% 55.34 - 62.45) (IC95% 64.75 -71.73)

Gender (Male) 19 (26.0%) 15 (20.5%) 0.079
BMI (Kg/m2) 26.46 ± 4.29 28.25 ± 4.93 0.563

(IC95% 25.24 - 27.63) (IC95% 26-39 - 30.29)
Systemic hypertension 14 (29.2%) 13 (52.0%) 0.049
Diabetes 8 (16.7%) 8 (32.0%) 0.115
Dyslipidemia 19 (39.6%) 13 (52.0%) 0.222
Coronary disease 16 (34.0%) 13 (52.0%) 0.110
CT-Calcium Score >400 HU 2 (4.3%) 5 (20.0%) 0.045
Atrial fibrillation 1 (2.1%) 2 (8.0%) 0.275
Left atrial diameter 36.23 ± 5.55 38.12 ± 8.38 0.253
LV mass index 167.24 ± 57.72 190.8 ± 63.32 0.114
Aortic Peak Velocity, m/s 2.73 ± 1.73 2.11 ± 1.29 0.119
LV ejection fraction (%) 63.33 ± 11.21 62.80 ± 7.36 0.833
Carotid IMT (mm) 0.84 ± 1.02 0.89 ± 1.15 0.224
Flow velocity dilation <9% 5(10.6%) 1 (4.0%) 0.314

Table 1. Demographic, vascular and echocardiographic data in patients with AVD & CAD

AVD = aortic valve disease; CAD = carotid artery disease; BMI = body mass index; HU= Hounsfield units; V= left ventricle; IMT = intima-media thickness.
X2 and t Student. α = 0.05

  Non CAD
n= 47

With CAD
n= 25 p

hs-CRP 6.34 ± 8.38 5.92 ± 5.87 0.320
IFN-ϒ 932.79 ± 282.33 947.58 ± 322 0.654
TNF-α 139.39 ± 148.01 162.1 ± 122.29 0.846
IL-6 289.95 ± 293.98 291.19 ± 368.86 0.536
IL-10 4383.32 ± 998.67 4228.75 ± 1178.29 0.791
MMP-1 133.05 ± 73.98 158.74 ± 133.19 0.066
MMP-2 273.88 ± 100.10 273.19 ± 112.56 0.606
MMP-9 616.67 ± 216.26 570.61 ± 164.34 0.770
MMP9/TIMP-1 0.843 ± 0.372 0.818 ± 0.313 0.574

Table 2. Inflammation markers in patients with AVD & CAD

AVD =aortic valve disease; CAD = carotid artery disease; hs-CRP= C Reactive Protein; IFN-ϒ= interferon-gamma; TNF-α = Tumoral; necrosis factor alfa; IL= interleukin; MMP = matrix 
metalloproteinases; TIMP-1= tissue inhibitor of metalloproteinase 1.
X2 and t Student. α = 0.05.

Area under curve CI 95% p
Age (y) 0.728 0.612-0.844 0.002
hs-CRP 0.560 0.426-0.694 0.404
IFN-ϒ 0.502 0.361-0.643 0.981
TNF-α 0.587 0.447-0.728 0.225
IL-6 0.459 0.316-0.602 0.566
IL-10 0.412 0.272-0.552 0.221
MMP-1 0.525 0.376-0.675 0.727
MMP-2 0.472 0.330-0.614 0.696
MMP-9 0.417 0.274-0.559 0.246
MMP9/TIMP-1 0.460 0.578-0.320 0.6

Table 3. Prediction of CAD in patients with AVD

AVD= aortic valve disease; CAD= carotid artery disease; hs-CRP= C Reactive Protein; IFN-ϒ= interferon-gamma; TNF-α=tumoral necrosis factor alfa; IL= interleukin; MMP= 
metalloproteinases; TIMP-1= tissue inhibitor metalloproteinase 1.
X2 and t Student. α = 0.05.

systemic hypertension (p=0.049) and coronary calcium score> 400 
HU (p=0.045).  The echocardiographic and vascular ultrasound 
findings did not have significant differences between both groups, 
Table 1. Also, the inflammatory markers (hs-CRP, TNF-⍺, IFN-ϒ, IL-
6, IL-10, MMPs-1,2,9 and TIMP-1) have no statistically significant 
differences, Table 2. 
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Multivariate analysis showed that the strongest predictor of CAD 
in patients with calcified AVD was age greater than 65 years; Beta 3.57, 
p= 0.001. In this prediction, area under curve was 0.728 (CI95% 0.612-
0.844), p=0.006, Table 3, figure 1.

Discussion
In the literature there are studies that have demonstrated the 

association between carotid plaque vulnerability and cardiovascular 
events. Some studies have evaluated the relationship between different 
biochemical markers as predictors of such events, and the relationship 
between the pathophysiology of the formation of atherosclerotic plaque 
and aortic valve disease [10-12]. For these reasons we designed this study. 
Based on our results, a direct relationship with aging was found, and the 
carotid ultrasound showed that there was an association between CAD and 
calcified AVD.

MPMs, as well as their inhibitors, have been identified in association 
with the development of carotid atherosclerosis [5,13]. MMP  9 was 
detected in advanced carotid plaques [5]. In our study, which only included 
patients with AVD, metalloproteinases 1, 2 and 9 and their inhibitor did 
not show statistical significance between the group with and without CAD.

TNF-⍺ stimulates the production of other inflammatory factors such 
as IL-6 and IL-1β. In our study, its association with CAD could not be 
demonstrated [5,13]. The CIMT has a relationship with cardiovascular 
risk factors: in the study reported by Carrizo, et al. [3] its association with 
cardiovascular events in early stages of aortic valve disease was established. 
Increased CIMT and left ventricular hypertrophy- a risk factor for 
extracardiac diseases- was found to be related to the progression of aortic 
valve disease [13]. The presence of endothelial dysfunction associated with 
increased CIMT, is an important early marker of the disease, which leads to 
adverse long-term clinical outcomes [14], but we did not find any difference 
in patients with and without CAD.

In the future these parameters may be an indicator of early intervention 
in the progression of the disease, and also in the early prevention of adverse 
clinical events and in the reduction of mortality [14,15].

It has been demonstrated for decades that age is a risk factor for 
cardiovascular events and that mortality from these causes is linearly 
related to age and the presence of atrial fibrillation [16,17]. In our study, the 
multivariate analysis showed that the single strongest predictor for CAD 
was age over 65 years.

Conclusion
In patients with AVD the best predictive marker for CAD was the 

age over 65 years, which is associated with the appearance of carotid 
atherosclerotic plaques. CAD and AVD are probably manifestations of 
systemic atherosclerosis mediated by inflammatory markers.
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