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with MS had a diagnosis of relapsing-remitting (RR), or 
secondary progressive (SP), or primary progressive (PP) 
MS. All the patients were above 18 years of age, fluent 
in Greek, and provided their verbal and written consent. 
The study was approved by the Medical Ethics Commit-
tee of the Aristotle University of Thessaloniki (No 31, 
18/2/2013).

None of the patients at the time of the study was 
receiving any MS disease-modifying treatment, which 
could potentially lead to analysis bias. Patients with a 
clinical diagnosis of dementia, psychosis, metabolic, 
cardiological or infectious diseases, alcoholism, history 
of stroke, sickle cell disease, and cardiovascular disease 
were excluded from the study. Patients with depression, 
as this was demonstrated by Hamilton Depression Rat-
ing Scale16, were also excluded from the study. All par-
ticipants (patents and controls) who were recruited con-
cluded the study. 

The physical disability was quantified with EDSS by 
a single Neurologist (AV). All patients underwent a de-
tailed physical examination. We applied a comprehensive 
neuropsychological assessment addressing all major cog-
nitive domains performed by two independent examiners 
(ET and AV). The ultrasonographer (TT) was blinded to 
the results of the other investigators within practical con-
straints. All the tests used were validated and standard-
ized for the Greek population. 

We evaluated verbal memory, episodic memory, 

visuospatial perception, executive function, process-
ing speed, visual memory, and mood. More specifi-
cally, we performed the Mini-Mental State Examination 
(MMSE)17; for verbal fluency, the Greek Verbal Learning 
Test (the standardized version of the California verbal 
test)13,14,18,19, the Trail Making Test Part A (as a test for 
the evaluation of information processing speed), the Trail 
Making Test Part B (as a test for the evaluation of ex-
ecutive function)20 and the Osterreith Complex Figures21. 
The diagnoses of dementia and mild cognitive impair-
ment (MCI) were reached through diagnostic consensus 
meetings of all the researchers and principal investiga-
tors, both neurologists and neuropsychologists, involved 
in the project, according to the international criteria22. 
The selection of neuropsychological tests was based on 
prior neuropsychological knowledge of particular cogni-
tive functions that each test evaluates. The Psychometric 
tests used were standardized for the Greek population.

We used ultrasound to evaluate the degree of stenosis 
and intima-media thickness (IMT) in the common carotid 
and femoral arteries. A total of 127 participants under-
went an ultrasound examination by a board-certified 
ultrasonographer, who was blinded to the results of the 
other investigators and vice versa. The ultrasound equip-
ment used was VIVID 3 (GE Healthcare Life Sciences, 
Marlborough, MA, USA). Each patient was placed in the 
supine position for the ultrasonographic examination of 
the common carotid and femoral arteries. Carotid and 

Table 1: Demographic and clinical characteristics of the 105 patients with multiple sclerosis and the 22 healthy controls who 
were enrolled in this prospective study.

MS
(n =105)

HC
(n =22)

p

Male / Female (n) 39 / 66 8 / 14

Age (mean ± SD; years) 46.06 ± 11.052 37.85 ± 11.66
Disease Phenotype (n; RR/SP/PP) 51/43/11 NA
EDSS (mean ± SD : median/IQR) 4.41 ± 2.4 : 5/3.5 0 ± 0 : 0/0 0.001

Diabetes Mellitus (%) 9.2 12.5

Hyperlipidemia (%) 45.3 50

Thrombophilia (%) 20.2 0

Hypertension (%) 17.1 25

Cognition

MMSE (mean ± SD : median/IQR) 27.37 ± 3.02 : 28/4 30/0/30/0                    0.001
Verbal Fluency Test (n, % abnormal) 44 (41.9 %) 3 (13.6 %)                    0.013

Osterreith Complex Figures (n, % abnormal) 32 (30.5 %) 1 (4.5 %)                      0.012

Greek Verbal Learning Test (n, % abnormal) 36 (34.3 %) 2 (9.1 %)                        0.019

Trail Making (n, % abnormal) 32 (30.5 %) 2 (9.1 %)                       0.039

Hamilton (mean ± SD : median/IQR) 0.44 ± 1.055 : 0/0 0 ± 0.612 : 0/0        0.506

ATHUS score (mean ± SD : median/IQR) 0.57 ± 1.35 : 0/0 0.77 ± 2.34 : 0/0               0.518
A p-value <0.05 was considered significant, n: number, MS: multiple sclerosis, HC: Controls, RR: relapsing remitting MS, SP: secondary 
progressive MS, PP: primary progressive MS, EDSS: Expanded Disability Status Scale, MMSE: Mini Mental State Examination, ATHUS: 
atherosclerotic ultrasonic score, SD: standard deviation, IQR: interquartile range.  


