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Abstract: Aim of the study was to evaluate prevalence of carotid atherosclerosis and endothelial dysfunction 

in 45 young patients (38 men and 7 female) who suffered myocardial infarction (MI), age 29-45, mean age 

42±3 years, to verify its possible role as a marker of coronary atherosclerosis.

METHODS: Vascular echography was performed to verify the presence of carotid atherosclerosis or/and 

endothelial dysfunction in 45 young patients after MI and in 45 healthy control subjects well matched for sex 

and age.

RESULTS: we observed a normal intima media thickness (IMT) only in 30% of patients who suffered 

juvenile myocardial infarction (JMI) in comparison with 66% of control group (p<0.0001) while 34% of 

patients showed an increased IMT in comparison with 24% of healthy subjects (p<0.0001). As compared 



with control subjects, patients after JMI had lower flow-mediated reactivity of the brachial arteries (p<0.05). 

Flow-mediated dilation (FMD) was inversely associated with IMT (p<0.001). Severity of CAD was correlated 

with increased IMT and with a lower flow-mediated dilation. Finally, multiple regression analysis, 

demonstrated that both brachial-artery reactivity and carotid IMT were significantly and independently 

correlated with severity of CAD.

CONCLUSIONS: Structural (carotid atherosclerosis) and functional changes (endothelial dysfunction) were 

present at an early age in the arteries of persons with history of JMI.
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Introduction 

It is well know that asymptomatic coronary disease is related to an increased risk of cardiovascular 

disease. Thus, precocious identification and preventive treatment can, potentially, reduce the risk of 

this evolution. A large number of clinical and epidemiological studies used carotid IMT as 

precocious marker of atherosclerosis (ATS) (1,2,3). In particular, several epidemiological studies 

and clinical trials, used the measurement of IMT at the common carotid artery (CCA), obtained by 

non-invasive high-resolution B-mode ultrasonography, as an early marker of systemic ATS (4). The 

evaluation of the carotid artery wall with this technique is not expensive; it is highly reproducible 

and without risk (5, 6, 7). 

A study of Salonen et al, in 1991, assessed that there is an increase of about 11% of the risk of 

myocardial infarction for every increase of 0,1mm of carotid IMT; such risk becomes two times 

greater in the presence of IMT > 1mm, four times greater in the presence of plaque and becomes six 

times greater in case of stenosis (8). This consideration explains the nature about a triennial B-mode 

ultrasonography control in case of IMT and an annual one in case of carotid plaque. 

Extremely important information coming from the Rotterdam Study and the Cardiovascular Health 

Study (CHS), that showed the concomitant increase in the general population and especially in 

hypertensive patients, of carotid IMT and blood pressure (3). Also the HARVEST study 

documented, in patients with borderline hypertension, greater values of IMT in comparison to 

controls without hypertension, even after correction for age, sex, cardiac frequency, BMI, smoke, 

cholesterol and triglycerides (9). Among the risk factors involved in the development of carotid 

ATS, over arterial hypertension, age, cigarette smoking, hypertriglyceridemia, 

hypercholesterolemia and raised LDL-cholesterol correlate with the increase of IMT (10) a silent 

acceleration of it during the years (11) and a greater risk of mortality (12), as well as the emergent 

cardiovascular risk factors like the markers of inflammation, first of all IL-6 (13). 
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An increased carotid IMT is correlated to the presence of atherosclerotic lesions in other vascular 

districts (14); such correlation gives the possibility to consider carotid IMT as a marker of systemic 

ATS as well as a good index of coronary ATS for the hold association between the two districts, 

also in asymptomatic patients. 

Several perspective studies showed how patients with elevated values of carotid IMT have a greater 

probability to incur in cardio- or cerebrovascular events. The Rotterdam study (7893 patients, with 

age >55 years, 2,7 year-old follow-up) showed how the increase of IMT is directly, and strongly, 

associated to an increased risk of myocardial infarction (odds ratio 1.43, 95% ICs, 1.16 to 1.78) and 

stroke (odds ratio 1.14, 95% ICs, 1.25 to 1.82) (15). A similar correlation has been shown in the 

CHS study (4400 patients, follow-up 6 years) that showed a strong association (p<0.001) between 

IMT and cardiovascular events (3). 

The data of these epidemiological and clinical studies determined the American Heart Association 

to affirm that “in the evaluation of the cardiovascular risk in asymptomatic subject > 45 years old, 

the measurement of the IMT can give additional informations in comparison to the traditional risk 

factors”(16). 

Endothelial dysfunction is a systemic disorder and a variable key in the pathogenesis of ATS and its 

complications; a non invasive ultrasound technique to evaluate brachial artery flow–mediated 

dilation (FMD) has recently been much used in the study of arterial physiology. The dilation 

response, with increased blood flow, is mainly mediated by nitric oxide released from arterial 

endothelial cells. 

Brachial FMD response is correlated with coronary endothelial function as tested by invasive 

methods(18). Major risk factors for atherosclerotic vascular disease (e.g., hypertension, diabetes, 

smoking, hypercholesterolemia, and obesity) have been associated with endothelial cells 

disfunction, and is know that coronary ATS is characterized by an early loss of endothelium-

dependent vasodilation. Impaired brachial FMD is also related to the prevalence and extent of 

coronary ATS and predicts cardiovascular events (19). 
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Since endothelial dysfunction and increased IMT are interrelated, but indicative of different aspects 

of the atherosclerotic disease, their early detection could have strong implications in cardiovascular 

prevention. Some studies have already related endothelial dysfunction and carotid IMT, in patients 

with ATS or coronary artery disease, but little data is available in patients with early stages of ATS, 

such as those with asymptomatic carotid lesions.  

Aim of this study was the evaluation and the prevalence of carotid ATS and endothelial dysfunction 

in young patients with history of myocardial infarction (age ≤ 45 years old), in comparison with 

healthy control group, to verify its possible role as a marker of coronary atherosclerosis. 

 

PATIENTS AND METHODS 

We studied 45 young patients (38 male and 7 female) aged 29-45, mean age 42±3years, admitted in 

our operative unit with a diagnosis of JMI; patients in the stable phase after MI were included in the 

study. Our population has been coupled to one of control, asymptomatic for cardiovascular 

illnesses, matched for sex and age. The project design included a medical examination, biochemical 

analyses, echocolor-doppler of carotid arteries and mediated vasodilatation (FMD)  at the brachial 

artery. The adopted procedures were in agreement with the Helsinki Declaration of 1975 as revised 

in 1983 and were approved by the Ethic Council of the Department of Internal Medicine of the 

University of Palermo. All subjects gave their informed consent to participate to the study so at 

admission, they underwent a medical examination and also answered to a questionnaire on personal 

and medical items, including age, past medical history and use of medications. Among the main 

cardiovascular risk factors, the presence of family history of CAD (in a first-degree relative before 

55 years), hypertension (systolic or diastolic blood pressure respectively ≥ 135 or ≥ 85 mmHg or 

pharmacological therapy with antihypertensive drugs), diabetes (fasting glucose plasma 

concentrations higher than 126 mg/dl or pharmacological therapy with antidiabetic drugs or insulin) 

and smoking habits were considered. Sitting blood pressure was measured twice on the right arm 

with a random-zero sphygmomanometer. The average of two measurements obtained on one 
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occasion, separated by a count of the pulse rate, was used in the present analysis. Height and weight 

were recorded and body mass index (BMI) was expressed as Kg/m². Participants were categorized 

as having obesity if BMI was > 30 Kg/m². 

Biochemistry 

A blood sample was drawn in the morning, before the medical examination, after a 12-14 hrs 

overnight fast. Total cholesterol, triglycerides and HDL-cholesterol were quantified by standard 

enzymatic-colorimetric methods and LDL-cholesterol was calculated by the Friedewald formula. 

Echocolordoppler examination of carotid arteries 

B-mode real-time ultrasound was performed in blind, evaluating the arterial wall thickness in the 

carotid arteries with a machine Esaote Caris plus and a probe of 7.5-10.0 MHz. As already reported, 

patients were examined in the supine position and each carotid wall or segment was examined to 

identify the thickest intimal-medial site. 

Three segments were identified and measured in antero, posterior and lateral planes on each side: 

the distal 1 cm of the common carotid proximal to the bifurcation, the bifurcation itself, and the 

proximal 1 cm of the internal carotid artery. On each of these sites, we determined the IMT, 

automatically measured, and detected any possible plaque. We primarily used the maximum carotid 

IMT value, which was determined as the mean of the maximum IMT of near- and far-wall 

measurements of both the left and right side arteries for each of the 3 arterial segments. If data on 1 

of the walls or 1 of the sides were missing, maximum thickness of the available wall and side was 

used. Carotid ultrasonography was carried out by the same sonographer to limit the risk of a large 

interobserver variability. The mean carotid maximal IMT in our patients was 1,8 ± 0,7 mm. 

According to the most recent guidelines of the joint European Society of Hypertension/European 

Society of Cardiology (20), we considered normal patients those with IMT < 0.9 mm, patients with 

IMT between 0.9 mm and 1.5mm and patients with asymptomatic carotid plaque (ACP) those with 

IMT > 1.5mm. 
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Study Protocol 

Endothelial function was evaluated according to the recent guidelines by ultrasound using a 7.5-

MHz linear-array transducer (21). Patients did not ingest substances that might affect flow mediated 

dilatation (FMD) such as caffeine, or use tobacco for at least 6 h before the study. All vasoactive 

medications were withdrawn for at least four half-lives, if possible. Patients remained in the supine 

position for at least 10 minutes before the study and were kept in this position during the procedure. 

The subjects have been studied in a quiet, temperature-controlled room, in supine position. 

The artery was scanned over a longitudinal section 3 to 5 cm above the elbow, the site where the 

clearest image can be obtained. The focus zone was set to the depth of the anterior vessel wall. 

Depth and gain settings were optimized to identify the lumen-vessel wall interface; the diameter of 

the brachial artery was measured from the anterior to the posterior interface. 

We evaluated the variation of the diameter of the brachial artery at baseline, using high-resolution 

ultrasound, and after arterial occlusion for 5 min through cuff inflation to at least 50 mmHg above 

the systolic pressure. The flow-mediated vasodilator response to reactive hyperaemia was 

countinously recorded from 30 seconds before to 5 minutes after cuff deflation. Reactive 

hyperaemia (change in flow velocity) was measured when compression was released, and the new 

arterial diameter and flow velocity were measured one minute later. The percent change between 

the diameter at release of compression (D2) and the baseline diameter (D1) is the so-called 

endothelium dependent vasodilatation (EDV). Thus: EDV = (D2-D1)/D1.*100. Ten minutes later, 

when the artery returned to baseline, 0,3 mg of nitroglycerine was administered per os and four 

minutes later arterial dilatation was again measured. The percent change between the post-

nitroglycerine diameter (D3) and the baseline value (D1) is the so called endothelium-independent 

vasodilatation or nitroglycerine-mediated vasodilatation (NitroMV). Thus: NitroMV = (D3-

D1)/D1.*100. 
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Statistical analysis 

Statistical analyses were performed using the Statview Program (Abacus Concepts Inc., CA, USA). 

Differences in the investigated parameters among study groups were assessed by the Student’s t 

test, while differences in the prevalences were analyzed by χ2 test. Relationships between the 

investigated parameters and the severity of coronary disease were assessed by the ANOVA test. 

Correlation between continuous variables was analyzed using Pearson’s correlation coefficient. 

Finally, to identify the possible independently variables related with the severity of CAD, we built 

up a statistical model of multivariate analysis (multiple regression), including the following clinical 

and biochemical variables evaluated at the admission. 

 

RESULTS     

Looking for the distribution of traditional cardiovascular risk factors we found in cases, in 

comparison to controls, a greater prevalence of hypertension (72% vs 36%, p<0.05), familiarity for 

cardiovascular disease (52% vs 32%, p<0.05) and for diabetes mellitus (28%  vs 16%, p <0.01) 

while we did not find differences about cigarettes smoking between the two groups. In patients who 

suffered JMI we observed a higher value of waist circumference (102±11 vs 93±13 respectively in 

cases and in controls, p<0.05) and of relationship W/H (20% vs 2%, p  <0.05); we did not found a 

statically significative difference about lipidic pattern, while, a statically significative difference 

was found about fibrinogen plasma level in patients with history of JMI in comparison to controls 

(408±101 vs  280±88, p<0.005). 

The echocolordoppler duplex scanning's examinations, both in cases than in controls, was done to 

appraise their carotid wall profile and this finding allowed us to distinguish three classes of 

subjects: 

- patient with a regular carotid wall profile (IMT <0,9mm) 

- patient with IMT ( IMT between 0,9-1,5mm) 
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- patient with carotid plaque (IMT >1,5mm) 

We found a greater prevalence of carotid ATS, as IMT as carotid plaque, in cases in comparison to 

controls: patients with a normal carotid wall profile resulted the 30% of our population, in 

comparison to the 66% of controls (p<0.0001), 34% showed carotid IMT, in comparison to 24% of 

controls, while carotid plaque were observed in the 36% of cases in comparison to 10% among 

healthy subjects (p<0.0001). Patients after JMI, in comparison to controls, showed a greater 

prevalence of carotid ATS, both in form of IMT than in form of carotid plaque, with a significantly 

difference between values of carotid IMT in both groups (1,47±0,78 vs 0,95±0,41, p<0.0001) 

(figures 1 and 2). Finally, we found a clean and clear association between the two districts 

(coronary and carotid) with a correspondence of 84% for patients in examination: in particular in 

the 66% of the patients, we found ATS  in both districts and in the 18% of the cases in none of the 

two districts; we found a correlation between carotid IMT increasing and the involvement of 

coronary artery (figure 3) 

These findings underline how, for 84%, carotid ATS, evaluated with a non invasive examination as 

echocolordoppler duplex scanning, represents a good marker of coronary ATS; carotid IMT could 

represent a real new cardiovascular risk factor able to furnish indications on the state of coronary 

ATS. 

In patients after JMI we found a lower FMD in comparison to controls and a positive correlation 

between the vessels culprit and the presence of  endothelial dysfunction (table 1 and figure 4). 

A significant inverse correlation was found between brachial-artery reactivity and IMT of the 

common carotid artery in patients after JMI ( r= -0.663, P=0.0001) but not in controls (r= -0.223, 

P=0.161). (Figure 5) 

We have finally built a model of multiple regression analysis (table 2) to evaluate the clinical and 

laboratory variables significative associated with a wider and severe coronary disease; the variables 

significative associated were the number of daily smoked cigarettes (r= .486, p<0.05), the BMI ( r = 

.975, p <0.02) the carotid IMT ( r = .249, p <0.0001). 
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DISCUSSION 

The carotid district has been representing for long time a cornerstone in the evaluation of the 

atherosclerotic disease, both for the easy availability with non invasive diagnostic techniques, like 

echocolordoppler for example (18), but also because carotid ATS is considered a good marker for 

the evaluation of ATS as a multifocal disease. 

Some clinical studies underlined the hold association between cardiovascular risk factors and the 

appearance of carotid IMT; for example, in the study GESCO-MURST-CIFTI-4, conducted on 755 

patients, it has been observed that patients with one or more traditional risk factors showed, in 

comparison to those deprived of them, an increase of carotid IMT (32,5% vs 14,7%), of 

asymptomatic carotid plaque (10,75% vs 5,37%) or both (47,2% vs 16,2%). (22) 

The number of risk factors is strongly associated to the extension, the severity and the number of 

atherosclerotic lesions. A recent study performed by Li et al., showed a greater carotid IMT in 

adults with an elevated number of risk factors since children, underlining the hold relationship 

between the cardiovascular risk factors and the development of atherosclerotic lesions in the carotid 

district; this study followed 486 subjects, age between 4 and 17 years, for 23 years, to understand 

the importance of the presence of risk factors since childhood; in this study BMI and cholesterol 

LDL plasma levels showed a predictive value for the development of carotid IMT in adult age. (23) 

The appearance, the extension and the progression of the atherosclerotic disease in this district is 

associated to an increase of the global cardiovascular risk, and it is well known an association 

between carotid IMT and the prevalence of coronary heart disease and stroke. (3) 

The use of non-invasive high-resolution B-mode ultrasonography and the evaluation of carotid IMT 

for the stratification of cardiovascular risk are still, however, under discussion. According to the 

opinions of some authors, it could have a limited role for patient with risk factors and it could be 

exclusively predictive of coronary heart disease and stroke in elderly subjects (24). Davis PH and 

others, underlined how such relationship is also present in juvenile age, with a study conducted on 
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patient aged between 33 and 42, showing through an ultrasonography evaluation for the carotid 

arteries and computerized tomography (TC) for the coronary ones, a greater carotid IMT in patients 

with coronary calcifications in comparison to patients without, both in men and women (25). 

Aim of our study was the evaluation of the relationship between carotid IMT and endothelial 

dysfunction in patient with JMI, to verify the existing relationship between carotid, endothelial 

function and coronary ATS. 

We found, in patients with JMI in comparison to controls, a greater prevalence of carotid IMT (34% 

vs 24%) and carotid plaques (36% vs 10%, p<0.0001), according particularly with Vrtovec and 

others (26), that appraising the traditional and emerging cardiovascular risk factors as well as the 

carotid IMT, found in the examined patients, in comparison to controls, a greater IMT (p<0.0001) 

in every carotid section examined, even if in our study results more evident the difference between 

the two groups regarding the discovery of carotid lesions for the elevated number of patients with 

carotid plaques (36% vs 10%, p<0.0001). 

According with literature’s findings, we found a clean and clear association between the two 

districts, coronary and carotid, with a correspondence of 84% for the patients in examination: in 

particular in the 66% of patients, ATS has been found in both districts and in the 18% of the cases 

in none of the two districts. So, carotid ATS could be considered a good marker of multifocal ATS 

and, therefore, its presence in the carotid district is associated frequently to the presence in the 

coronary one and, vice versa, the absence of carotid ATS is, with good probability, associated to the 

presence of an uninjured coronary tree vessels. All of this confirms more and more the conception 

of ATS like a multifocal and multifactorial disease and confers to the peripheral involvement a not 

often recognized importance in the recent past. 

In conclusion, the experience of this study allows us to affirm that data showed underline four 

fundamental points: 

1) patients with JMI, in comparison to healthy subjects, present, in a greater percentage and 

with a greater severity, atherosclerotic lesions, both as IMT both as carotid plaques; 
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2) patients with JMI, in comparison to healthy subjects, present, a lower flow mediated 

dilation; 

3) a hold correlation exists between carotid and coronary ATS, as suggested in the scientific 

literature. In fact, ATS is a multisystemic disease and the evaluation of carotid IMT through 

non-invasive methods of imaging allows us to obtain indirect informations on the sistemic 

condition, coronary one in particular, of ATS lesions, using, therefore, such district as an 

important marker, expecially in those conditions in wich could be present asymptomatic 

ATS lesions. 

4) Carotid IMT would be considered as a real emergent risk factor and it should be 

preventively evaluated, in addiction with traditional and emergent risk factors, to appraise 

and reduce the cardiovascular risk. 

 The individualization of this kind of patients allow us, not only to have information on the carotid 

district and indirectly on coronary one, but also to be able to choose the right strategies, 

pharmacological or not associated to the removal of cardiovascular risk factors to reduce cerebro- 

and cardiovascular risk, preventing fatal and non fatal events. 
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Table 1. Brachial artery diameter (BAD) and flow mediated dilatation (FMD%) in patients with 

Juvenile Myocardial Infarction (JMI) in comparison to controls.

Patients with JMI Controls p <
BAD mm 4,3 ± 0,7 4,1 ± 0,4 ns
FMD % 14 ± 9 17 ± 3 0.05

. 

Table 2. Multivariate analysis: baseline parameters independently associated with severity of 

coronary disease.

Variables r P value
Number of daily smoked cigarettes .486 .0001

Carotid IMT (mm) .349 .01
Body Mass Index .275 .05

Table
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