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Abstract
Aim: Atherosclerosis of the large arteries of the neck could be related to the cognitive and motor deficit. We investigated 
if the atherosclerosis of common carotid and femoral arteries in patients with multiple sclerosis (MS) is directly linked 
with a disability and has an inverse relationship with cognitive performance.
Methods: We enrolled, in this prospective study, a random sample of 105 patients with MS and 22 healthy controls. 
All participants received a comprehensive neuropsychological assessment. The physical disability was quantified with 
the Expanded Disability Status Scale (EDSS). We utilized ultrasound of the carotid and femoral arteries to evaluate the 
degree of stenosis and intima-media thickness (IMT). We created a novice ultrasound index of atherosclerosis (ATHUS 
score) based on the arterial stenosis and the IMT of the carotid and femoral arteries. We then compared the results of the 
psychometric assessment and EDSS with the ATHUS score.
Results: The analysis demonstrated that higher cognitive function is correlated with lower values of ATHUS score (p 
=0.01). Also, there was a direct correlation between the ATHUS score and EDSS (p =0.001).
Conclusion: Our results suggest that the degree of atherosclerosis, as calculated by the ATHUS score, is directly related 
to low cognitive score and higher sensory and motor disability. HIPPOKRATIA 2019, 23(2): 81-86.
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Introduction
Cognitive decline in multiple sclerosis (MS) has been 

recognized since the late nineteenth century1. The areas 
of cognition predominantly affected are the processing 
speed, episodic memory, executive function, verbal flu-
ency, and visuospatial analysis2,3. The duration of MS is 
considered a poor indicator of the presence of cognitive 
impairment4. A moderate correlation exists between the 
imaging quantification of brain white matter lesions and 
the performance of patients with MS in the Expanded 
Disability Status Scale (EDSS). The association between 
neuroradiological markers and clinical disability is not 
strong, known as clinic-radiological paradox5. Several 
studies demonstrated that MS is probably related to en-
dothelial dysfunction6. In addition, the relationship be-
tween vascular risk factors and cognitive dysfunctions is 
well established6-8. Studies of carotid and femoral arteries 
demonstrated a direct correlation between subclinical ca-
rotid atherosclerosis and cognitive decline9-14. We tried to 
demonstrate whether atherosclerosis in the common ca-
rotid and femoral arteries in patients with multiple scle-

rosis has an additional impact on disability and cognitive 
impairment.

Materials and Methods
A random sample of 105 patients with MS (male: 39, 

female: 66) that agreed to participate and 22 healthy con-
trols (male: 8, female: 14) were enrolled in this prospec-
tive study. The controls were individuals who presented 
to the outpatient department of Neurology from March 
2012 until April of 2012 with somatic complaints attrib-
uted finally to anxiety neurosis. In the design of the study, 
we selected random and consecutive sampling with sim-
ple randomization. The patients were recruited from the 
outpatient and inpatient services of the 1st Neurology 
Department of AHEPA University Hospital from March 
2012 until April of 2012 (Table 1). The random sample 
of the 105 MS patients is considered to be representative 
of the MS patients who attend our department, which is a 
tertiary referral center for Northern Greece. The diagno-
sis of MS was made based on the revised McDonald Cri-
teria15 by a board-certified Neurologist. All the patients 
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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.  
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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.
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Osterreith Complex Figures (p =0.012), v) Greek Verbal 
Learning test (p =0.019), vi) Trail Making test (p =0.039), 
indicating that MS might have an impact on disability 
and cognitive decline. On the other hand, the Hamilton 
test (p =0.506) and ATHUS (p =0.518) failed to separate 
the MS sufferers and healthy controls, indicating that de-
pression and atherosclerosis are equally presented in both 
groups (Table 1). Overall, the distribution of ATHUS had 
the following characteristics in our population of MS suf-
ferers and controls, mean: 0.6, standard deviation (SD): 
1.56, median: 0, interquartile range (IQR): 0, maximum: 
8, minimum: 0.

As to the impact of ATHUS score on MMSE and 
EDSS in the MS patients (Table 2), it was demonstrat-
ed that ATHUS ≥1 was associated with lower values of 
MMSE (p =0.004) and higher values of EDSS (p =0.001), 
as compared to ATHUS =0 (higher values of MMSE and 
lower values of EDSS). These results indicated that the 
atherosclerotic load, as expressed by ATHUS, is produc-
ing an additional intellectual decline and motor disability 
in MS patients. 

Also, regarding the other neuropsychometric tests 
(Verbal Fluency test, Osterreith Compex Figures, Greek 
Verbal Learning test, and Trail Making test), it was dem-
onstrated that ATHUS ≥1 was associated with worse per-
formance in all these tests compared to ATHUS =0 in a 
statistically significant manner (p =0.001 for all tests per-
formed). These results indicated that atherosclerotic load 
in MS patients has an additional impact on the intellec-
tual decline (Table 3). The Mann-Whitney and chi-square 
tests showed a significant correlation between EDSS and 
neuropsychometric tests (p =0.001). However, further 
analysis of this correlation is beyond the scope of the cur-
rent paper.

An effort was also made to correlate EDSS and cog-
nitive scores in MS patients. More specifically: i) a sig-
nificant correlation was demonstrated between EDSS 
and MMSE (Pearson correlation, r =-0.511, p =0.001), ii) 
EDSS was statistically different in the groups of patients 
with normal and abnormal Verbal Fluency test (patients 
with normal test had EDSS mean: 3.39, SD: 2.25, median: 
3, and IQR: 4.25, while patients with abnormal test had 
EDSS mean: 5.84, SD: 1.82, median: 6, and IQR: 2.38; 
Mann-Whitney U test, p =0.001), iii) EDSS was statisti-
cally different in the groups of patients with normal and 
abnormal  Osterreith Compex Figures test (patients with 
normal test had EDSS mean: 3.77, SD: 2.37, median: 3.5, 
and IQR: 4, while patients with abnormal test had EDSS 
mean: 5.89, SD: 1.77, median: 6, and IQR: 2.38; Mann-
Whitney U test, p =0.001), iv) EDSS was statistically dif-
ferent in the groups of patients with normal and abnormal 
Greek Verbal Learning test (patients with normal test had 
EDSS mean: 3.36, SD: 2.33, median: 3.5, and IQR: 4, 
while patients with abnormal test had EDSS mean: 5.86, 
SD: 1.83, median: 6, and IQR: 2.75; Mann-Whitney U 
test, p =0.001), v) EDSS was statistically different in the 
groups of patients with normal and abnormal Trail Mak-
ing test (patients with normal test had EDSS mean: 3.86, 

SD: 2.34, median: 3.5, and IQR: 4, while patients with 
abnormal test had EDSS mean: 5.67, SD: 2.06, median: 
6, and IQR:3; Mann-Whitney U test, p =0.001).  

Also, an effort was made to correlate ATHUS (as a 
continuous variable) and cognitive scores in MS patients. 
More specifically: i) a significant correlation was dem-
onstrated between ATHUS and MMSE (Pearson correla-
tion, r =-0,437, p =0.001), ii) ATHUS was statistically 
different in the groups of patients with normal and ab-
normal Verbal Fluency test (patients with normal test 
had ATHUS mean: 0.098, SD: 0.3, median: 0, and IQR: 
0, while patients with abnormal test had ATHUS mean: 
0.36, SD: 0.48, median: 0, and IQR: 1; Mann-Whitney U 
test, p =0.001), iii) ATHUS was statistically different in 
the groups of patients with normal and abnormal  Oster-
reith Compex Figures test (patients with normal test had 
ATHUS mean: 0.12, SD: 0.33, median: 0, and IQR: 0, 
while patients with abnormal test had ATHUS mean: 0.4, 
SD: 0.49, median: 0, and IQR: 1; Mann-Whitney U test, 
p =0.001), iv) ATHUS was statistically different in the 
groups of patients with normal and abnormal Greek Ver-
bal Learning test (patients with test had ATHUS mean: 
0.11, SD: 0.32, median: 0, and IQR: 0, while patients 
with abnormal test had ATHUS mean: 0.38, SD: 0.49, 
median: 0, and IQR: 1; Mann-Whitney U test, p =0.001), 
v) ATHUS was statistically different in the groups of pa-
tients with normal and abnormal Trail Making test (pa-
tients with normal test had ATHUS mean: 0.1, SD: 0.31, 
median: 0, and IQR: 0, while patients with abnormal test 
had ATHUS mean: 0.43, SD: 0.5, median: 0, and IQR: 1; 
Mann-Whitney U test, p =0.001).  

Discussion
The relationship between atherosclerosis and cogni-

tive decline is an issue that has attracted research interest. 
Previous studies have shown an inverse relationship be-
tween subclinical atherosclerosis and cognitive function 
and lower cognitive test31 results, mainly in elderly pa-
tients9. Although alterations of neck vessels have been re-
ported in MS and few studies demonstrated the possible 
connection of vascular risk factors and MS prognosis32, 
this is the first study to our knowledge which correlates 
directly the atherosclerosis of the carotid and femoral ar-
teries not only with patient’s motor disability but with 
lower cognitive function. 

Our results suggest that the degree of atherosclerosis 
as it was assessed by the ATHUS score is directly related 
to low cognitive scores in the neuropsychometric tests 
and higher scores in the EDSS. However, the extent to 
which subclinical atherosclerosis is related to cognition 
and sensorimotor disability is not fully understood. This 
position might be clarified in larger studies of patients, 
aiming to establish the role of atherosclerosis detected on 
ultrasound in the prognosis of cognitive function and dis-
ability in patients with MS.

Cognitive decline is more pronounced with the pro-
gression of the disease. The relation between atheroscle-
rosis, brain volume loss, motor disability, and cognitive 
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deficit in MS has been largely unexamined, albeit other 
studies tried to demonstrate in the recent past the possible 
connection of vein insufficiency and MS progression 
with a debatable result33. The present study confirmed 
the group differences between MS patients and controls 
regarding motor disability and intellectual decline. We 
did also observe a significantly lower score in the neuro-
psychometric tests with arterial stenosis and IMT in MS 
patients. The increased atherosclerotic load influenced all 
cognitive functions. 

Our study was a single-center cross-sectional single-
blinded study, examining each patient at a single time 
point and has obvious limitations.  The disease duration, 
exposure, and response to disease-modifying treatments 
in the past, time of diagnosis, and clinical presentation in 
the first attack, age, or gender have not been addressed. 
We recognize that the above details could potentially in-
fluence the results regarding cognitive decline and dis-
ability. We elected not to study the patients according to 
phenotype. The study was based on real-world data in 
a specific period with simple randomization. We accept 
the limitations that this selection of the sample imposes. 
The recruitment is ongoing. We try to increase the num-
ber of controls and the number of patients, particularly 
in the group of PP MS, so that the previously mentioned 
numbers at the end to be relatively equal to those of the 
groups of RR and SP MS and then to perform the analy-
sis on a solid basis. We understand that the variability in 
testing methods and heterogeneous sample composition 
could result in differences in the evaluation of the impair-
ment.  We accept that we may miss how cognitive decline 
progresses over time. However, we are enthusiastic that 
the database of this study could be the basis of a large 
prospective and longitudinal study which could evaluate 
the progression of cognitive disability in relation to the 
progression of atherosclerosis34. 

We aspire that this study could increase the aware-
ness of clinicians regarding the importance of monitor-
ing the cognition in MS. Cognitive monitoring should be 
part of the evaluation of MS patients. Another point that 
became apparent during the data collection and analysis 
is that we lack a validated cognitive scale equivalent to 
EDSS, which could be a tool in the interpretation of the 
cognitive changes. The current work aims to incorporate 
the assessment of atherosclerosis of the carotid and femo-
ral arteries and the cognitive assessment into MS clin-
ics. We believe that preventive action for vascular risk 
factors should play an integral role in the management 
of patients with MS. The Neurologist should not only 
focus on the sensorimotor symptoms but recognize the 
importance of cognitive decline in MS patients, promote 
lifestyle changes, and implement pharmacological treat-
ments, which may slow the effect of atherosclerosis and 
may also halt its impact to the higher cognitive function 
and motor disability of MS patients.
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