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femoral IMT and plaques were measured on both sides 
using high-resolution B-mode ultrasound with an electric 
linear transducer. To avoid inter-observer variability, all 
measurements were performed by the same examiner and 
equipment. All images were digitally recorded. The mea-
surements were made in real-time manually from digi-
talized still images taken during scanning by high-reso-
lution ultrasonography. The IMT was measured in the far 
wall of the common carotid and femoral arteries at sites 
of greatest arterial thickness23. For the evaluation of IMT, 
the greatest distance between the lumen–intima interface 
and the media–adventitia interface in areas without ath-
erosclerotic plaques was determined. Measurements of 
IMT were made three times and then averaged to produce 
a mean IMT for each side for the carotids, and femoral 
arteries24-28. We accept as the cut-off value for the IMT 
the 0.8 mm based on a previous study and taking into ac-
count the age range of our population29. Vessels with IMT 
above 0.8mm were classified as abnormal. A plaque was 
defined as a distinct protrusion greater than 1.5 mm into 
the lumen of the vessel. We created an ultrasound index 
of atherosclerosis (ATHUS score) based on the arterial 
stenosis and the IMT of the four vessels (two carotids and 
two femoral arteries). Each artery was assigned a score 
(Plaque: presence =1, absence =0; IMT: >0.8 mm =1, 

<0.8 mm =0). Patients could receive a score in the range 
of 0-8, taking into account the four vessels (common 
carotid arteries, femoral arteries, both sides). We used 
the European Carotid Surgery Trial (ECST) criteria for 
stenosis grading30. We then compared the ATHUS score 
with MMSE and the EDSS (Table 2), and also with the 
other neuropsychometric tests (Table 3). 

Then study analysis was performed with IBM SPSS 
Statistics for Windows, Version 24.0 (IBM Corp., Ar-
monk, NY, USA). Statistical significance was considered 
at a p-value of less than 0.05 and was tested with the 
Mann-Whitney non-parametric test for continuous vari-
ables and with the chi-square for nominal variables. The 
assessment of the normality of the data was conducted 
with the Shapiro-Wilk test.

Results
Twenty-one of the MS patients and one individual 

from the control group have had ATHUS score ≥1 (Table 
1). The normality of the distributions was evaluated uti-
lizing the Shapiro-Wilk test. The distributions proved to 
be not normal, which indicated the use of non-parametric 
tests in our analysis. MS patients and healthy controls 
were separable on the basis of i) EDSS (p =0.001), ii) 
MMSE (p =0.001), iii) Verbal Fluency test (p =0.013), iv) 

Table 2: Descriptive statistics of the ultrasound index of atherosclerosis (ATHUS) in relation to the Mini Mental State Exami-
nation (MMSE) and the Expanded Disability Status Scale (EDSS) in the 105 multiple sclerosis patients. ATHUS ≥1 is associ-
ated with lower values of MMSE and higher values of EDSS.

MMSE EDSS
p 0.004 0.001

ATHUS score normal =0

Mean 28.05 3.98
SD 2.33 2.39

Median 29 4
IQR 4 4

ATHUS score abnormal ≥1

Mean 24.82 6.068
SD 3.91 1.65

Median 25 6
IQR 5 2.5

SD: standard deviation, IQR: interquartile range, EDSS: Expanded Disability Status Scale, MMSE: Mini Mental State Examination, ATHUS: 
atherosclerotic ultrasonic score. Mann Whitney test show statistical significance between the groups with MMSE and EDSS variables. A p-
value <0.05 was considered significant.

Table 3: Ultrasound index of atherosclerosis (ATHUS) score and other neuropsycological tests in the 105 multiple sclerosis 
patients. ATHUS ≥1 is associated with worse performance in all neuropsycological tests.

ATHUS Score Verbal fluency Osterreith 
Complex Figure Greek Verbal Learning Test Trail Making

p 0.001 0.001 0.001 0.001

Normal Abnormal Normal Abnormal Normal Abnormal Normal Abnormal
Normal =0 55 28 (33.7 %) 64 19 (22.9 %) 61 22 (26.5 %) 65 18 (21.7 %)

Abnormal ≥1 6 16 (72.7 %) 9 3 (59.1 %) 8 14 (63.6 %) 8 14 (63.6 %)

61 44 73 32 69 36 73 32
ATHUS: atherosclerotic ultrasonic score. Pearson Chi-Square show statistical significance for all nominal neuropsychological tests. A p-value 
<0.05 was considered significant.


