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Introduction: Cognitive impairment is a core symptom of multiple sclerosis, leading to disability in 40-70% of
patients. The most common cognitive domains affected by MS are information processing speed, complex
attention, executive functions and less frequently, episodic declarative memory. Cardiovascular disease
comorbidities have been shown to increase the decline rate in many neurological conditions. Our study aims to
examine the possible impact of CVD risk factors in the cognitive decline rate of PWMS.

Methods: Over the course of a year, 248 PwMS with and without Cardiovascular comorbidity were cognitively
evaluated using the written version of SDMT and the MoCA.

Results: Compared to control, MS patients with comorbid CVD had greater general cognitive decline and
decreased processing speed. Patients with comorbid diabetes and dyslipidemia had the highest impairment,
followed by those with hypertension, compared to the control group and those patients with a high BMI.
Conclusion: The presence of cardiovascular comorbidities and especially dyslipidemia increases the rate of
cognitive decline in MS patients. In such cases, patients should be evaluated every 6 months instead of a year and
the use of the SDMT is advised since it’s time efficient,it requires minimal training and correlates with MRI

findings.

1. Introduction

Cognitive impairment (CI) is considered a core symptom of Multiple
Sclerosis (MS), leading to disability [1] in 40-70% of People with MS
(PwMS) with either cortical or subcortical brain pathology [2]. The most
frequent cognitive domains affected by MS are information processing
speed, complex attention, executive functions and less frequently,
episodic declarative memory [3]. Lower education level, longer disease
duration, symptoms of initial clinical attack, relapse rate (rr), disease
disability progression outside clinical relapses and immunomodulating
therapies have been shown to affect the cognitive function of PwMS
which in turn can be used as a predictor of disability progression [4,2].

It is well established that processing speed is a primary cognitive
ability which is the basis of both lower level (such as attention) and
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higher level functions (memory and executive function). In addition,
processing speed is one of the most impacted cognitive functions
affecting approximately 70% pwMS [24,25].

The Symbol Digit Modalities Test (SDMT) constitutes a widely simple
and practical measure of information processing speed (Drake et al.,
2010). It is cost-efficient with no demand for academic skills and patient
friendly. It is worth mentioning that the SDMT shows a stronger asso-
ciation with brain Magnetic Resonance Imaging findings than other
neuropsychological instruments (such as Paced Auditory Serial Addition
Test) [27,28,29].

Montreal Cognitive Assessment (MoCA) has been established as a
sensitive tool for detecting general cognitive impairment in PwMS
compared to healthy controls, and its use provides valid information on
general cognitive function [17-18]. It is a brief tool that has been widely
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Table 1
Frequency Table Sample Characteristics.
Variable n %
Gender
Male 123 49.60
Female 125 50.40
Missing 0 0.00
CVD
None 53 21.37
Diabetes 48 19.35
Hypertension 45 18.15
BMI 50 20.16
Dyslipidemia 52 20.97
Table 2
Summary Statistics Table of Clinical Characteristics.
Variable M SD n
Age 51.96 5.08 248
EDSS1 2.02 0.86 248
EDSS2 2.58 2.15 248
MoCA1l 26.76 1.48 248
None 27.17 1.44 53
Diabetes 26.02 1.54 48
Hypertension 26.98 1.36 45
BMI 26.64 1.41 50
Dyslipidemia 26.94 1.41 52
MoCA2 26.12 1.81 248
None 26.87 1.83 53
Diabetes 25.48 1.89 48
Hypertension 25.91 1.92 45
BMI 26.42 1.70 50
Dyslipidemia 25.83 1.45 52
SDMT1 45.69 4.04 248
None 46.70 3.94 53
Diabetes 44.83 3.31 48
Hypertension 45.20 4.46 45
BMI 46.50 4.47 50
Dyslipidemia 45.08 3.71 52
SDMT2 42.60 4.74 248
None 44.55 4.48 53
Diabetes 41.52 3.82 48
Hypertension 41.78 5.08 45
BMI 43.78 4.72 50
Dyslipidemia 41.21 4.73 52
Table 3
Repeated Measures ANOVA (MOCA-Time).
Source df SS MS F p np2
Between Groups
CVD 4 82.35 20.59 5.37 <0.001 0.08
Within-Groups
Time 1 52.07 52.07 39.55 <0.001 0.14
Time*CVD 4 17.64 4.41 3.35 0.011 0.05
Residuals 247 403.74 1.63

considered superior compared to other short examination tests in the
recognition of cognitive impairment [19-22].

Cardiovascular diseases (CVD) are the leading cause of death glob-
ally with approximately 17,9 million reported casualties in 2019 [5].
PwMS frequently adopt a more sedentary lifestyle [6], which is a result
of the patient’s impaired mobility, fatigue and bladder incontinence.
CVD comorbidities, whose prevalence tends to increase with age,
contribute and enhance the sedentary lifestyle already adapted [7]. In
addition, vascular pathology affecting strategic areas of the brain may
lead to executive, episodic and working memory, visuospatial or pro-
cessing speed deficits [8].

The incidence of CVD increases to over 40% between the ages of 40
and 59, which appears to be the age range where it creates a consider-
able load on health-care facilities [9]. Consequently, the established
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financial burden due to MS related disability is increased exponentially
as a result of the additional impact of CVD in the patients’ cognition
[10,30,31].

Based on the above-mentioned data, our study aims to examine the
possible impact of CVD risk factors in the cognitive decline rate of
PwMS.

2. Methods and materials

A total of 248 PwMS were recruited from the “MS and other auto-
immune diseases outpatient clinic” within the 2nd Department of
Neurology of Attikon University Hospital.

Inclusion criteria: a) Definite MS diagnosis [11], b) Age between 40 and
60 years, c) EDSS < 5, d) Presence of at most one CVD comorbidity, e)
Disease duration > 13 years.

Exclusion criteria: a) Comorbid Neurological Condition b) Smoking, c)
History of cardiovascular procedure, d) Clinical relapse in the last year.

All participants were evaluated during the recruitment phase and
one year later (2021-2022). The following parameters were collected: 1.
Demographic characteristics (age, sex, education level), 2. somatometric
characteristics (height (cm), weight(kg), Body Mass Index (BMI)), 3.
CVD factors (confirmed diagnosis of diabetes mellitus type II, primary
hypertension, dyslipidemia), 4. MS clinical features (EDSS, disease
duration, relapse rate).

The presence of dyslipidemia was identified using the Adult Panel III
criteria [12] or the prescription of statins in the last six months. High
body mass index was calculated using the somatometric characteristics
of each participant (BMI = w/h2) and hypertension was confirmed
based on the WHO criteria [13] or the use of antihypertensive drugs.
EDSS [14] score was determined by a certified neurologist, while the
Montreal Cognitive Assessment (MoCA) [15] and the Symbol Digit
Modalities Test - written version (SDMT) [16] were administered and
evaluated by two separate psychologists.

Each participant was given an information sheet about the research
and was asked to read and sign the consent form. In addition, all par-
ticipants were anonymized prior to the analysis in compliance with the
Helsinki Declaration (Ethics Committee Approval number: EBA185/15/
03/22).

At the baseline the demographic, clinical and CVD characteristics,
and somato-metric indexes of all patients were collected, the EDSS, the
MoCA and the SDMT scores were measured. Weight was recorded in
kilograms and height in centimeters respectively to calculate Body Mass
Index (BMI). Systolic and diastolic pressure was measured (3 repetitions
and median was chosen) and participants were asked if they had a
diagnosis of type 2 diabetes and if they were taking anti-hypertensive
therapy. At week 24, patients who met the study inclusion criteria
were evaluated on the three previous scales and their scores were
recorded.

3. Results

Means + standard deviations (SD) were calculated for each contin-
uous variable and frequencies and percentages were obtained for nom-
inal variables (Tables 1 and 2).

The mean age of the sample was 51.96 (SD = 5.06), while the groups
did not differ statistically significant in terms of this factor (p >.05).

The normality of the distributions of the SDMT and MoCA scores
were assessed using the Q-Q plots, due to the relatively small groups
sizes, while the homogeneity of variance was examined using the Lev-
enes’ test.

The first mixed design ANOVA showed a statistically significant
interaction between MoCA score and the existence of CVD comorbidity
between the two measurement points (F (4,243) = 4.00, p =.011, ;15 =
0.05), indicating a small to medium effect size. Post hoc pairwise com-
parisons, using a Bonferroni correction to adjust for multiple compari-
sons showed that at the baseline measurement there was a statistically
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Fig. 1. MoCA and SDMT scores changes.

significant difference between PWMS with diabetes, where their per-
formance was lower compared to control group (p <.001) and those
with hypertension (p =.014) and dyslipidemia (p =.015). At the follow-
up evaluation (dt = 1 year) there was a statistically significant difference
between PWMS without CVD comorbidity and those with diabetes (p
<.001) and dyslipidemia (p =.027), indicating higher scores for the
control group. It’s worth noting that the MoCA scores of pwMS with
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comorbid diabetes showed a downward trend compared to PWMS with
high BMI that did not pass the statistically significant level (p =.087). In
addition, the post hoc pairwise comparison between the 5 groups in time
showed that the MoCA scores of PwWMS without CVD comorbidities
remained stable (p >.05) while the diabetes, dyslipidemia and hyper-
tension groups showed a moderate to high decline (p =.022, p <.001, p
<.001) (Table 3, Fig. 1a).
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Table 4
Repeated Measures ANOVA (SDMT-Time).
Source df SS MsS F p Np2
Between Groups
CVD 4 563,29 140,82 4,71 <0.001 0.072
Within-Groups
Time 1 1183.11 1183.11 166.75 <0.001 0.41
Time*CVD 4 46,08 11,52 1,62 0.169 0.03
Residuals 243 1724.11 7.10

The second mixed ANOVA regarding the progression of SDMT scores
in time indicated no statistically significant interaction between PwMS
with and without comorbidities in time (F (4,243) = 2.43, p =.169, npz
= 0.03). A post hoc pairwise comparison, using a Bonferroni correction
showed that PwMS without CVD comorbidities had higher scores at
baseline than pwMS with either diabetes and dyslipidemia (p =.020, p
=.039), while their scores were slightly higher compare to PwWMS with
hypertension (p =.066). PwMS with comorbid diabetes scored lower
than those with high BMI (p =.040), while those with comorbid dysli-
pidemia scored marginally similar compared to PwMS with high BMI (p
=.074). At the follow-up, the SDMT scores of PwMS with diabetes,
dyslipidemia and hypertension showed greater decline compared to the
control group (p <.001, p <.001, p =.003). PWMS with the aforemen-
tioned comorbidities showed greater decline not only compared to
controls but compared to pwMS with high BMI (p =.015, p =.005, p
=.034) (Table 4, Fig. 1b).

4. Discussion

Over the course of a year, 248 PwMS were cognitively evaluated
using the written version of SDMT and the MoCA. Compared to controls,
PwMS with comorbid CVD had greater general cognitive decline and
decreased processing speed. Although all patients appeared more
cognitively burdened over time, patients with comorbid diabetes and
dyslipidemia had the highest impairment, followed by those with hy-
pertension, compared to the control group and those patients with a
high BMI. PwWMS with high BMI did not appear to have a higher cogni-
tive burden compared to controls.

The current findings are consistent with previous studies that
examined the relationship between the cognitive burden with the lipid
profile of pwMS. More specifically, a significant correlation between
higher cholesterol levels and lower SDMT scores as well as a decline in
cognitive function as assessed by MoCA, was found. without providing a
comparison of patients with other CVD comorbidities (2 IInyeg). The
elevated blood cholesterol levels and the lipid profile of pwMS with
comorbid dyslipidemia have been linked to the severity of disability as
well as higher pre-inflammatory markers [32,33].

Prolonged hyperglycemia and hyperinsulinemia due to diabetes may
potentially cause neuron’s molecular alterations and long-term
increased inflammatory reactions in the brain [26] potentially leading
to faster cognitive deterioration in pwMS [34].

Remarkably, even though hypertension is the third most prevalent
comorbidity in MS [37] to the best of our knowledge there are no studies
regarding the effect of hypertension in cognitive function of pwMS. In a
sample of 353 healthy older people it was found that a cognitive
impairment was associated with elevated blood pressure [35]. In addi-
tion, the risk of cognitive impairment increases 4.3 fold in patients who
do not adhere to the anti-hypertensive medication [36].

To the best of our knowledge, this is the first study that attempted to
divide PWMS into those without and those with a single CVD. Regarding
the limitations of this study, the written form of SDMT was employed in
this study, due to the fact that it is considered as being largely devoid of
cultural bias and as the best screening method for those who are not
native speakers and have a low motor impairment index [23]. Even
though smoking is a well-established vascular risk factor since the study
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was conducted in the span of 1 year it was not taken into consideration
since it’s a lifestyle habit that cannot be accurately controlled. The
relatively small sample size and the specific age range, as well as several
other disease-related features that were not accurately documented
(treatment, specific years of MS and CVD diagnosis), imply the need for
more research toward this field. Nevertheless, it appears that in clinical
practice, there is an increased need for heightened cognitive monitoring
of PWMS and dyslipidemia, diabetes, or hypertension comorbidities, as
well as preference of two very short and simple neuropsychological
tools, MoCA and SDMT, that can separate the patients’ mental load,
according to their medical diagnoses.

5. Conclusion

Based on the results of our trial, physicians should take into
consideration the presence of CVD factors when evaluating the pro-
gression of cognitive decline in patients with MS and should opt in using
the SDMT as a primary indicator. Since dyslipidemia, diabetes and hy-
pertension seem to contribute to a faster cognitive deterioration, phy-
sicians should shorten the evaluation period to 6 months instead of a
year.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] Sumowski JF, Benedict R, Enzinger C, et al. Cognition in multiple sclerosis: State of
the field and priorities for the future. Neurology 2018;90(6):278-88. https://doi.
org/10.1212/WNL.0000000000004977.

Elshebawy H, Fahmy EM, Elfayoumy NM, et al. Clinical predictors to cognitive
impairment in multiple sclerosis patients. Egypt J Neurol Psychiatry Neurosurg
2021;57:38. https://doi.org/10.1186/s41983-021-00292-6.

Jongen PJ, Ter Horst AT, Brands AM. Cognitive impairment in multiple sclerosis.
Available from Minerva Med 2012;103(2):73-96. https://pubmed.ncbi.nlm.nih.
gov/22513513/.

Amato MP, Zipoli V, Portaccio E. Multiple sclerosis-related cognitive changes: a
review of cross-sectional and longitudinal studies. J Neurol Sci 2006;245(1-2):
41-6. https://doi.org/10.1016/j.jns.2005.08.019.

World Health Organization (WHO) (2021). Cardiovascular diseases (CVDs).
Available from https://www.who.int/news-room/fact-sheets/detail/
cardiovascular-diseases-(cvds).

Stuifbergen AK, Seraphine A, Roberts G. An explanatory model of health promotion
and quality of life in chronic disabling conditions. Nurs Res 2000;49(3):122-9.
https://doi.org/10.1097,/00006199-200005000-00002.

Leiva AM, Martinez MA, Cristi-Montero C, et al. El sedentarismo se asocia a un
incremento de factores de riesgo cardiovascular y metabdlicos independiente de los
niveles de actividad fisica [Sedentary lifestyle is associated with metabolic and
cardiovascular risk factors independent of physical activity]. Rev Med Chil 2017;
145(4):458-67. https://doi.org/10.4067/50034-98872017000400006.

Song R, Xu H, Dintica CS, et al. Associations Between Cardiovascular Risk,
Structural Brain Changes, and Cognitive Decline. J Am Coll Cardiol 2020;75(20):
2525-34. https://doi.org/10.1016/j.jacc.2020.03.053.

Rodgers JL, Jones J, Bolleddu SI, et al. Cardiovascular Risks Associated with
Gender and Aging. J Cardiovasc Dev Dis 2019;6(2):19. https://doi.org/10.3390/
jedd6020019. Published 2019 Apr 27.

Bebo B, Cintina I, LaRocca N, et al. The Economic Burden of Multiple Sclerosis in
the United States: Estimate of Direct and Indirect Costs. Neurology. 2022;98(18):
€1810-e1817. doi:10.1212/WNL.0000000000200150.

Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis of multiple sclerosis: 2017
revisions of the McDonald criteria. Lancet Neurol 2018;17(2):162-73. https://doi.
org/10.1016/S1474-4422(17)30470-2.

National Cholesterol Education Program (NCEP). Expert Panel on Detection,
Evaluation, and treatment of high blood cholesterol in adults (Adult treatment
panel III). Third report of the national cholesterol education program (NCEP)
expert panel on detection, evaluation, and treatment of high blood cholesterol in
adults (Adult treatment panel III) final report, Circulation 106 (2002) 3143-3421.
Whitworth JA; World Health Organization, International Society of Hypertension
Writing Group. 2003 World Health Organization (WHO)/International Society of
Hypertension (ISH) statement on management of hypertension. J Hypertens. 2003;
21(11):1983-1992. doi:10.1097,/00004872-200311000-00002.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). Neurology 1983;33(11):1444-52. https://doi.org/
10.1212/wnl.33.11.1444.

[2]

[3]

[4]

[5]

(6]

71

[8]

[91

[10]

[11]

[12]

[13]

[14]


https://doi.org/10.1212/WNL.0000000000004977
https://doi.org/10.1212/WNL.0000000000004977
https://doi.org/10.1186/s41983-021-00292-6
https://pubmed.ncbi.nlm.nih.gov/22513513/
https://pubmed.ncbi.nlm.nih.gov/22513513/
https://doi.org/10.1016/j.jns.2005.08.019
https://doi.org/10.1097/00006199-200005000-00002
https://doi.org/10.4067/S0034-98872017000400006
https://doi.org/10.1016/j.jacc.2020.03.053
https://doi.org/10.3390/jcdd6020019
https://doi.org/10.3390/jcdd6020019
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1212/wnl.33.11.1444
https://doi.org/10.1212/wnl.33.11.1444

V. Giannopapas et al.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Konstantopoulos K, Vogazianos P, Doskas T. Normative Data of the Montreal
Cognitive Assessment in the Greek Population and Parkinsonian Dementia. Arch
Clin Neuropsychol 2016;31(3):246-53. https://doi.org/10.1093/arclin/acw002.
Messinis L, Bakirtzis C, Kosmidis MH, et al. Symbol Digit Modalities Test: Greek
Normative Data for the Oral and Written Version and Discriminative Validity in
Patients with Multiple Sclerosis. Arch Clin Neuropsychol 2021;36(1):117-25.
https://doi.org/10.1093/arclin/acaa028.

Konstantopoulos K, Vogazianos P. Montreal Cognitive Assessment in a Greek
sample of patients with multiple sclerosis: A validation study. Appl Neuropsychol
Adult 2021;28(1):48-52. https://doi.org/10.1080/23279095.2019.1588123.
Rosca EC, Simu M. Montreal cognitive assessment for evaluating cognitive
impairment in multiple sclerosis: a systematic review. Acta Neurol Belg 2020;120
(6):1307-21. https://doi.org/10.1007/513760-020-01509-w.

Dong Y, Lee WY, Basri NA, Collinson SL, Merchant RA, Venketasubramanian N,
et al. The Montreal cognitive assessment is superior to the Mini-mental state
examination in detecting patients at higher risk of dementia. Int Psychogeriatr
2012;24(11):1749-55. https://doi.org/10.1017/51041610212001068.

Larner AJ. Screening utility of the Montreal cognitive assessment (MoCA): in place
of-or as well as-the MMSE? Int Psychogeriatr 2012;24(3):391-6. https://doi.org/
10.1017/51041610211001839.

Ciesielska N, Sokolowski R, Mazur E, Podhorecka M, Polak-Szabela A, Kedziora-
Kornatowska K. Is the Montreal cognitive assessment (MoCA) test better suited
than the Mini-mental state examination (MMSE) in mild cognitive impairment
(MCI) detection among people aged over 60? Meta-analysis Psychiatr Pol 2016;50
(5):1039-52. https://doi.org/10.12740/PP/45368.

Breton A, Casey D, Arnaoutoglou NA. Cognitive tests for the detection of mild
cognitive impairment (MCI), the prodromal stage of dementia: Meta-analysis of
diagnostic accuracy studies. Int J Geriatr Psychiatry 2019;34(2):233-42.

Smith A. Symbol digits modalities test: Manual (10th printing). Western
Psychological Services: Los Angeles; 2007.

Eizaguirre MB, Vanotti S, Merino A, Yastremiz C, Silva B, Alonso R, et al. The Role
of Information Processing Speed in Clinical and Social Support Variables of
Patients with Multiple Sclerosis. J Clin Neurol (Seoul, Korea) 2018;14(4):472-7.
https://doi.org/10.3988/jcn.2018.14.4.472.

Costa SL, Genova HM, DeLuca J, Chiaravalloti ND. Information processing speed in
multiple sclerosis: past, present, and future. Mult Scler 2017;23:772-89.

Launer LJ. Diabetes and brain aging: epidemiologic evidence. Curr Diab Rep 2005;
5:59-63.

24

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Journal of Clinical Neuroscience 112 (2023) 20-24

Benedict RHB, Weinstock-Guttman B, Fishman I, et al. Prediction of
neuropsychological impairment in multiple sclerosis: comparison of conventional
magnetic resonance imaging measures of atrophy and lesion burden. Arch Neurol
2004;61:226-30.

Benedict RHB, Bruce JM, Dwyer MG, et al. Neocortical atrophy, third ventricular
width, and cognitive dysfunciton in multiple sclerosis. Arch Neurol 2006;63:
1301-6.

Christodoulou C, Krupp LB, Liang Z, et al. Cognitive performance and MR markers
of cerebral injury in cognitively impaired MS patients. Neurology 2003;60:1793-8.
Panza F, D’Introno A, Colacicco AM, Capurso C, Pichichero G, Capurso SA, et al.
Lipid metabolism in cognitive decline and dementia. Brain Res Rev 2006;51(2):
275-92.

Solomon A, Kareholt I, Ngandu T, Winblad B, Nissinen A, Tuomilehto J, et al.
Serum cholesterol changes after midlife and late-life cognition: twenty-oneyear
follow-up study. Neurology 2007;68(10):751-6.

Gafson AR, Thorne T, McKechnie ClJ, Jimenez B, Nicholas R, Matthews PM.
Lipoprotein markers associated with disability from multiple sclerosis. Sci Rep
2018;8(1):17026.

Tettey P, Simpson Jr S, Taylor B, Blizzard L, Ponsonby AL, Dwyer T, et al. An
adverse lipid profile is associated with disability and progression in disability, in
people with MS. Mult Scler 2014;20(13):1737-44.

Ruth Ann Marrie , Ronak Patel , Chase R Figley , Jennifer Kornelsen ,James M.
Bolton , Lesley Graff , Erin L. Mazerolle , James J. Marriott , Charles N. Bernstein ,
PhD for the Comorbidity and Cognition in Multiple Sclerosis (CCOMS) Study
Group, Diabetes and anxietyadversely affect cognition in multiple sclerosis,
Multiple Sclerosis and Related Disorders (2018), doi: 10.1016/j.
msard.2018.10.018.

McDonald C, Pearce MS, Kerr SR, et al. Blood pressure variability and cognitive
decline in older people: a 5-year longitudinal study. J Hypertens 2017;35:140-7.
https://doi.org/10.1097/HJH.0000000000001120 [PubMed] [CrossRef] [Google
Scholar].

Tzourio C, Dufouil C, Ducimetiere P, et al. Cognitive decline in individuals with
high blood pressure: a longitudinal study in the elderly. EVA Study Group.
Epidemiology of vascular aging. Neurology 1999;53:1948-52. DOI: 10.1212/
WNL.53.9.1948 [PubMed] [CrossRef] [Google Scholar].

Marrie RA, Cohen J, Stuve O, et al. A systematic review of the incidence and
prevalence of comorbidity in multiple sclerosis: overview. Mult Scler 2015;21:
263-81.


https://doi.org/10.1093/arclin/acw002
https://doi.org/10.1093/arclin/acaa028
https://doi.org/10.1080/23279095.2019.1588123
https://doi.org/10.1007/s13760-020-01509-w
https://doi.org/10.1017/S1041610212001068
https://doi.org/10.1017/S1041610211001839
https://doi.org/10.1017/S1041610211001839
https://doi.org/10.12740/PP/45368
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0115
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0115
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0115
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0120
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0120
https://doi.org/10.3988/jcn.2018.14.4.472
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0135
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0135
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0140
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0140
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0145
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0145
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0145
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0145
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0150
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0150
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0150
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0155
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0155
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0160
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0160
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0160
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0165
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0165
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0165
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0170
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0170
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0170
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0175
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0175
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0175
https://doi.org/10.1097/HJH.0000000000001120 [PubMed] [CrossRef] [Google Scholar]
https://doi.org/10.1097/HJH.0000000000001120 [PubMed] [CrossRef] [Google Scholar]
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0190
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0190
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0190
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0190
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0195
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0195
http://refhub.elsevier.com/S0967-5868(23)00082-6/h0195

	Do cardiovascular disease comorbidities affect the cognitive function of Multiple Sclerosis patients?
	1 Introduction
	2 Methods and materials
	3 Results
	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	References


