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Abstract

Purpose: To enhance knowledge about the role of regular physical activity in brain
structure and function in multiple sclerosis, this study investigated the effeghohth
homebased exercise on the thalamic pathology and metabolites concentration using
magnetiresonance imaging, diffusion and spectroscopy techniques.

Materials and Methods: In this study, 56 people with multiple sclerosis (39 female and
13 male, age: 37.39.59 year) were randomly divided into two groups, hamely home
based exercise and contrbitervention included aerobic {&ssion per week, 56 %

heart rate reserve) and resistancedgsion per week, rating of perceived exertieB) 5
exercise. Brain and thalamic volume using magnetic resonance imaging, thalamic
metabolites using spectragry, and microstructure changes using diffusion technique
were assessed before and after the intervention.

Findings: Results showed that six months of hebased exercise did not have a
significant effect on brain, thalamic volume and diffusion paramétehsding fractional
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anisotropy, mean penetration, axial penetration, and radial penetratio§). Besides,
thalamic metabolites analysis revealed that hbwased exercise resulted in a significant
increase in the ratio of {dcetylaspartate and-atdylaspartylglutamate to creatine (p
<0.007) and a significant decrease in the ratio of choline to creatine and inositol to creatine
(p <0.22 and p<0.002, respectively).

Conclusion: Overall, the results provided evidence about the beneficial effectgudfire
physical activity on thalamic metabolites associated with myelin loss and axonal function
in the brain of people with MS using spectroscopy imaging. However, ‘hased
exercise was not associated with change in diffusion parameters as indicatuaiagdés

in thalamic microstructures, which may indicate that lorigem intervention is needed.

KeyWords: HomeBasedExercise, Spectroscopy, Diffusion, MultipBelerosis

Extended Abstract

Background and Purpose

Multiple sclerosis (MS) is an autoimmune and demyelinating disease of the
central nervous system (CNS). The standard gold method for MS diagnosing and
monitoring is magnetic resonance imaging (MRI), which has the ability to detect
brain lesions in affectethdividuals(1). In fact, conventional imaging includes
T1-weighted (T1) and Tiveighted (T2) imaging developed to detect brain
atrophy, the number of lesions or plaques in the QRS 3). However,
conventional MRIs have several limitations; conventional MRIs do not provide
pivotal information about inflammation, demyelination, axonal loss, and
metabolic status of the braja). Today, some nenonventional MRIs have been
developed to recognizand study the CNS including diffusion tensor imaging
(DT and spectroscopic imaging (MR$2, 3, 5) Because regular physical
activity is recognized as a complementary and beneficial therapy for people with
MS (6), present study aimed to investigate the effectmio®iths combined home
based exercise on the thalamic pathology and metabolites in patients with MS.

Materials and Methods

In this study, 56 people with MS (39 female, 13 male, agé: 18 years) were
recruited and randomly divided into exercise or control groups. The intervention
included 6months homéased resistance (2 sessions per week) and aerobic (3
sessions per weekxercise. The control group was advised to refrain from regular
physical activity during the intervention. The aerobic exercise intensity was
adjusted based on heart rate reverse (HRR) (B8% HRR) and the resistance
exercise intensity was adjusted based10score rating of perceived exertion
(RPE) (58 RPE). Aerobic exercise session duration was 20 minutes in first
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month, which gradually increased to 45 minutes in the sixth month. Resistance
exercise also included 6 to 12 movements, 3 to 4 sets, &md B repetitions.
Resistance exercise was designed using body weight and three types of elastic
bands with different resistances. During the intervention, a diary and a weekly
phone call were used to assess the adherence to the exercise. Additionally, two
faceto-face sessions in the first and second months, and onéoféaee session

in the third and fourth months were designed to exercise under the supervision of
researchers to resolve problems and provide the necessary feedback for
participants. Outames include brain volume, thalamic pathology and metabolites
evaluated before and after the intervention. 3T Siemens scanners-emainé|

head coil were used for MR imagining. Brain volume usingar T2 weighted
sequences, thalamic metabolites usisipgle voxel MRS, and thalamic
microstructure using 30 directions DTl was assessed. SPSS 25 was used to run
statistical analysis. To determine the effect of interventiomytap ANOVA was

used with controlling gender, disability, disease duration andyjds t

Findings

Intervention adherence was 92.24 %, so that participants performed at least 95 out
of 120 planned sessions. Hotbased exercise was wtllerated by participants.
Brain volume analysis showed that there is no significant change for brain (p
>0.05) and thalamus volume¥p.05) after exercise. Analysis of DTI data showed
that exercise had a significant effect on fractional anisotropy (FA).(Gb), as a
significant increase in FA was observed after exercise0(p5). Other DTI
parameters icluding axial diffusivity, radial diffusivity and mean diffusivity did

not show significant change in response to interventiorD(p5). Screening of
thalamic metabolic status using MRS revealed that Homsed exercise was
associated with an increase NhAcetylaspartate/Creatine (NAA/Cr) (10.05)

and decrease in choline/Cr (Cho/Cr) and Nityasitol/Cr (Ins/Cr) (p<0.05).

Conclusion

To enhance our knowledge about the role of physical activity on brain health in
MS, the present study was designed to stigate the effect of hordeased
exercise on improving the pathology and metabolite status of the thalamus in
people with MS. As we know, this study is the first study which used MRS and
DTI imaging to evaluate the effect of exercise on the brain heafibaple with

MS. In the present study, it was found that-enénth exercise is associated with

an increase in the NAA/Cr. Mitochondria neurons are responsible for the
production of almost all NAA in the CNS and are therefore known as markers of
mitochondral function and nerve cell integrify). Choline is also involved in the

@ [TENT-ETE Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



Negaresh: The Effect of Home-Based Exercise on the Thalamic... 120

synthesis and degradation of phospholipids, which are the basis of cell

membranes. Therefore, it is a valid metabolic indicator of cell membrane density

and integrity that can reflect membrane regenerd#ipnns is known as a marker

of glial funcion and it is believed that increased Ins levels indicate glial

proliferation, both of which may occur due to inflammat{@). The results

showed a decrease in level of Cho/Crand Ins/Cg éhner al , the studyods r
include increasing NAA/Cr and FA that supports myelination and promotes brain

health, especially in the thalamus. Thus, this study found novel evidence of the

beneficial role of exercise in brain health for people with MS.

Article Massage
Homebased exercise is beneficial for people with MS and can help improve the
patient's status by improving the structure and biochemical processes of the brain.

KeyWords: HomeBased Exercise, Spectroscopy, Diffusion, Multiple
Sclerosis
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Figure 1. Location of voxel in MRS technique to evaluate right thalamic metabolites (A)
and changes in NAA/Cr (B), Cho/Cr (C) and Ins/Cr (D) after 6 months of {iased
exercise. *It indicates a signifant change from préo posttest (p <0.05) and a
significant difference between the two groups in the-peststage (p <0.05).
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Table 1- 6 months of home-based exercise
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Figure 1- Graph of volunteer participation in the study by exercise and control
groups
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Table3- Brain and thalamus volume, DTI imaging parameters and walking ability
before and after home-based exercise
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* Indicates a significant change from gest toposttest (P < 0.05). # Indicates a
significant difference between the two groups in the-peststage (P < 0.05).
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Figure 2- Location of voxel in MRS technique to evaluate right thalamic metabolites (A)
and chages in NAA/Cr (B), Cho/Cr (C) and Ins/Cr (D) after 6 months of hdrased
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