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Incidence vs. prevalence of MS

Marrie et al. Neurology 2010;74:465-471

• The change in long-term outcomes and mortality rates have contributed to drastic 

increase in MS prevalence, despite the relatively stabilized incidence rate.

• Data from 1984 showed no MS patients older than 64 years when compared to the 

prevalent number of cases aged 65 to 85 years old twenty years later.
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• Considerable shift from year 1984 where the MS peak prevalence was located 

within people aged 35 to 39 years, to peak prevalence among people within the 

55-59 years old in 2004

Marrie et al. Neurology 2010;74:465-471
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Christiansen et al. Neuroepidemiology 2010;35:267-274;Marrie Nat Rev Neurol 2017;13:375

• In comparison to the stable rate of 

psychiatric comorbidities, significantly 

higher prevalence of CVD comorbidities 

in noted.

E.g. hypertension:

• 7.7% in the 20-44 years old group

• 24.7% in 45-59 years old group

• 46.0% in >60 years old group

MS patients have high rate of comorbidities

• MS diagnosis was associated with a 

markedly increased risk of stroke, MI and 

heart failure in the 1st year following 

diagnosis
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Comorbidities lead to worse disease outcomes

• Participants reporting ≥3 baseline 

comorbidities (relative to none) had a higher 

relapse rate over the subsequent 2 years 

(rate ratio 1.45)

• Physical comorbidity was associated with 

disability; with each additional comorbidity, 

there was a mean increase in the EDSS 

score of 0.18

• Higher mortality hazard ratios with 

psychiatric, cerebrovascular, and 

cardiovascular comorbidities

Kowalec et al. Neurology 2017; Zhang et al. Neurology 2018; Marrie et al Neurology 2009; Thormann et al. Neurology 2017
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Nat Rev Neurol, 2019
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Comorbidities impact the MRI-derived outcomes

• Confirmed higher CVD prevalence in MS

• Hypertension and heart disease were 

associated with decreased grey matter and 

cortical volumes

• Obesity with T1-lesions (black holes)

• Smoking with decreased whole brain 

volume

• Confirmed cross-sectional findings of lower 

brain volumes

• Failed to demonstrate longitudinal differences 

between patients w and w/o vascular risk 

factors

Kappus et al. Neurol Neurosurg Psychiatry 2016;87:181-187; Pichler et al. Mult Scler 2017:1352458517736149
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Jakimovski et al. Eur J Neurol 2019; 26:87-e88; Lorefice et al. Mult Scler Relat Disord 2019;27:74-78

• Patients with diagnosis of heart disease showed 

higher white matter and whole brain volume 

loss compared to those without (4.2% vs. 0.7% 

and 3.4% vs. 1.6%, respectively). 

• The percentage lateral ventricle volume change 

in MS patients with hypertension was higher 

compared to non-hypertensive patients (24.5% 

vs. 14.1%).

Ramifications:

Impacting clinical trials outcomes which heavily depend on MRI outcomes

Studying MS within the ever more aging and comorbid population 

• Confirmed cross-sectional findings

• Greater annualized brain volume loss 

was found in those with at least one 

vascular risk factor than in the control 

group (−1.05% vs. −0.58%).
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CVD-associated behavior and MRI-outcomes in MS

Chiuve et al. J Am Heart 

Asso 2014;3:e000954 

Jakimovski et al. J Neurol

2019

• For determining the overall CVD-associated 

behavior we used the Healthy Heart Score (HHS), 

a 20-year CVD risk prediction model which 

includes smoking status, BMI, physical activity, 

dietary intake, and alcohol consumption

• Alternatively, we calculated the Framingham 

Coronary Heart Disease Risk Score
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Jakimovski et al. Mult Scler 2019;1352458518819608

• Multimodal assessment of 132 MS 

patients and 47 HCs utilizing US 

Doppler, MRI and neuropsychological 

examination

• Association between lower total 

CABF and the lower cognitive 

performance was observed only in MS 

patients
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Jakimovski et al. Mult Scler 2019;1352458518819608

• The total CABF remained as a significant predictor of variance within the 

neuropsychological test performance associated with processing information speed 

even after correcting for sex, age, years of education, gray matter volume, T2 lesion 

volume
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Legend: MS - multiple sclerosis, HC – healthy control, IJV – internal jugular vein, CCA – common carotid artery, VA – vertebral 

artery, Green color represents the collateral vessels, red represents  the  CCAs, and VAs, while blue represents the IJVs

MS

Belov et al. AJNR Am J Neuroradiol 2018 Jan;39(1):123-130.

HC
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• Perfectly matched large case-

controlled study

• Confirmed the higher rate of 

cardiovascular diseases and risk 

factors in MS patients

Belov et al. AJNR Am J Neuroradiol 2018 Jan;39(1):123-130.

• The MS patients had a smaller arterial CSA of the main and secondary arterial vessels 

(CCA, ICA, ECA, and VA, respectively).

• Findings were reconfirmed in a subgroup of subjects (70%) without the presence of 

cardiovascular comorbidities.
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Belov et al. AJNR Am J Neuroradiol 2018 Jan;39(1):123-130.

Larger number and size of secondary vessels

• A higher frequency of secondary neck vessels was found at all 4 

levels

• Limitation: We don’t know the directionality of the flow 

• Conformation with phase imaging is needed

• Future longitudinal analysis of secondary vessels is planned 
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• 9 HCs scanned 5 days apart and 12 HCs 

scanned 5 years apart

• No significant CSA differences were found 

for the scan-rescan and baseline-follow-up 

CSA comparisons, using the whole vessel 

length or single cervical level measurements

• Interclass correlation coefficient analysis 

showed good degree of scan-rescan 

reproducibility

Pelizzari et al. J Neuroimaging 2018; 28:48-56
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• 69 MS patients and 22 age- and sex-

matched HCs were followed for 5 years.

• Significant cross-sectional area decrease in 

patients with MS for the CCA and VA at 

both baseline and follow-up

• The smaller arterial CSA at follow-up was 

seen independent of disease phenotype and 

vascular comorbidity

Pelizzari et al. AJNR Am J Neuroradiol 2018; 39:1703-1709
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Jakimovski et al. Curr Neurovasc Res, in press
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 CV comorbidities are associated with higher susceptibility of 

neurodegenerative disorders and aging

 CV comorbidities are associated with disease progression, 

as measured by range of clinical  and MRI outcomes in MS

 Preliminary studies show a modest to strong link between 

CSA of neck vessels and CV risk factors 

 Arterial and venous

 Secondary vessels

 Future studies should investigate association between CSA 

of neck vessels and hypoperfusion in the brain from earliest 

disease stages

 Heart-brain axis should be better investigated in 

neurodegenerative disorders and aging
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