
 

 

 

 

 

 
 

 

ABSTRACT 

          Background and objectives: Studies have reported 

contradictory results regarding the relationship between serum 

neurofilament light chain (NFL) and fatigue severity. The aim of 

our study was to investigate serum NFL and fatigue severity in 

patients with multiple sclerosis (MS) after home-based and 

outdoor Pilates training. 

          Methods: The study population consisted of 44 women 

with MS (aged 25 to 40 years) with an expanded disability status 

scale score of 2-5. The patients were randomly divided into three 

groups: home-based training (HPT, n=15), outdoor training 

(OPT, n=15), and a control group (n=14). The training groups 

performed Pilates exercises for 8 weeks individually at home and 

under the sun. Blood samples and completed Fatigue Severity 

Scale forms were taken 48 hours before the first session and after 

the 8-week intervention.  

          Results: The results showed that OPT caused a more 

notable increase in serum vitamin D (32.76±5.13, p<0.001) and a 

decrease in NFL (15.98±2.26, p <0.001) and FSS score 

(2.51±0.35, p<0.001) compared with HPT. Also, HPT lowered 

NFL (18.01±2.28, p<0.001) and FSS score (3.84±0.98, p<0.001) 

compared with the control group.  

          Conclusion: Pilates training can reduce NFL levels and 

FSS scores in women with MS. In addition, OPT is more  

effective than HPT in reducing NFL and FSS and increasing 

vitamin D levels. 

          Keywords: Exercise Movement Techniques, 

Neurofilament Protein, vitamin D, fatigue, Multiple Sclerosis. 
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Considering the role of VD in controlling 

some MS complications and the importance of 

sunlight exposure as an easy and accessible 

way to absorb VD, non-pharmacological 

treatment methods, such as physical activity, 

should be used to prevent disease progression. 

Therefore, it seems necessary to provide 

optimal physical activity for MS patients. The 

present study aimed to examine the potential 

effects of 8 weeks of home-based and outdoor 

Pilates training on the NFL, fatigue, and VD 

levels of MS patients. 

 

MATERIALS AND METHODS 

This was a randomized trial study with a 

pretest-posttest design. The sample size was 

determined as 40 using G*Power 3.1 software 

and based on a previous study (17), with a 

statistical power of 85%, an effect size of 75%, 

and a significance level of 0.05. Considering a 

10% chance of dropout, the required sample 

size was estimated at 44. Accordingly, 44 

eligible female volunteers with MS in Fasa 

(Iran) were enrolled. Inclusion criteria were 

having MS, age of 25-40 years, expanded 

disability status scale (EDSS) score of 2 to 5, 

and no history of receiving VD supplements. 

Exclusion criteria were a history of smoking or 

alcohol consumption, regular physical activity 

in the last year, pregnancy, history of relapse 

(in the last 12 weeks), and lack of cooperation. 

The subjects  were randomly divided into three 

groups: home-based Pilates training (HPT; n= 

15), outdoor Pilates training (OPT; n=15), and 

a control  group (CON; n=14). Training groups 

performed 60 minutes of Pilates training at 

home or under sun exposure, three sessions a 

week, with at least 48 hours between sessions, 

for 8 weeks at home. Instruction was provided 

in form of a DVD. Subjects in the control did 

not partake in any sports activity. 

 Written consent was obtained from all 

participants after fully explaining the research 

objectives and details. The study received 

approval from the Research Ethics Committee 

of Hakim Sabzevari University, Iran 

(IR.HSU.REC.1400.015).  

The training protocol was derived from a study 

by Fleming et al. (2020). Each training session 

started with 10 minutes of warm-up, including 

seven movements, followed by 40 to 45 

minutes of main body training including 14 

movements, and ended with cool down 

including 9 movements (16).  The  OPT  group 

 

INTRODUCTION 

Multiple sclerosis (MS) is an autoimmune 

disease of the central nervous system (CNS) 

that is  characterized by inflammation, 

demyelination, axonal degeneration, and glial 

cell activation (1). The disease causes fatigue, 

weakness, spasticity, sensorial loss, balance 

problems, and gait disorders (2). Low 

circulating levels of 25-hydroxyvitamin D 

(25(OH)D) due to lack of sun exposure, may 

influence the disease course either through its 

immunomodulatory effects (3) or direct effects 

on resident brain cells (4). 

Neurofilament light chain (NFL) is a major 

component of the cytoskeleton in neuronal 

axons, which reflects the axonal loss in 

relapsing-remitting MS (RRMS) from an early 

disease stage (5) and has been associated with 

inflammatory disease activity (6). Studies have 

reported contradictory results regarding the 

relationship between NFL and fatigue severity. 

Some studies specifically explored NFL as a 

biomarker of cognitive performance and 

fatigue in MS, but others reported no 

significant association  (7–9). Also, few studies 

have been conducted on the association 

between vitamin D (VD) and NFL in MS with 

conflicting results. Sandberg et al. (2016) 

showed that high VD levels were associated 

with low levels of cerebrospinal fluid NFL 

(10). On the other hand, a positive relationship 

between NFL and VD was reported (11). 

Thus, the  effect of VD on NFL levels is still 

unclear.  

It has been suggested that exercise may 

improve  axonal regeneration and reduce 

axonal degeneration and astrogliosis (12), but 

few studies have examined the effect of 

physical activity on NFL levels in MS patients. 

In this regard, Amiri et al. (2020) reported no 

significant change in serum NFL levels of MS 

patients after an 8-week resistance training 

program (13). Another study showed that an 8-

week aerobic exercise intervention could 

decrease serum NFL levels in RRMS patients 

(14). 

Pilates training can be done at home with 

minimal facilities and can adjust the intensity 

of the exercise according to the individual's 

capacities. Moreover, home-based Pilates is a 

safe and acceptable exercise for MS patients 

(15). Fleming et al. (2020) reported 

improvement in fatigue symptoms and quality 

of life of MS patients after 8 weeks of home-

based Pilates training (16).  
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relapses. To evaluate fatigue severity, the 

Fatigue Severity Scale (FSS) was used, which 

assesses the participants' subjective perception 

of fatigue and its consequences on daily 

activities (18). 

Serum levels of NFL and VD were measured 

using a commercial ELISA kit (ZellBio GmbH 

Co., Germany) and a human VD ELISA kit 

(Padgin Gostar Isar, Iran), respectively. 

Fasting blood samples (10 ml) were taken 48 

hours before and after the training. Serum was 

separated and kept at -70 °C for biochemical 

evaluation.  

Data were expressed as mean ± standard 

deviation. To investigate the effect of groups 

on NFL, VD, and fatigue, the ANCOVA test 

was performed. The Bonferroni test was 

carried out to detect inter-group differences. 

The Pearson correlation test was done to 

evaluate the association between variables. All 

analyses were carried out in SPSS software.  

 

RESULTS 

The demographic characteristics of 

participants are presented in table 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

only performed the main body training under 

direct sunlight, and the resting was done in the 

shade to control the temperature and prevent 

the possibility of relapse due to increased body 

temperature. Training intensity was controlled 

by Borg rating of perceived exertion scale and 

heart rate. Each participant received the DVD 

and documented details of the Pilates protocol. 

If a participant was not comfortable with using 

a DVD player, an online link to the Pilates 

program was also made available. Four 

repetitions of each Pilates movement were 

performed during sessions in the first 2 weeks. 

Repetitions gradually progressed every 2 

weeks, resulting in 10 repetitions in the final 2 

weeks. Fidelity, adherence, dose, and 

compliance were monitored via self-report 

exercise diaries immediately following the 

completion of each session. Exercise diaries 

were supplemented by a weekly telephone call 

consisting of direct questions about the  

(version 26) at a significance level of 0.05. 

frequency, intensity, and duration of the 

Pilates  as  well as any difficulties experienced 

during    exercise,   any   adverse    events,    or 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1- Baseline characteristics of participants in each group 

 

H
o
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o
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n

e
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p  Groups Variable 

After the 

intervention 

Before 

intervention 

0.11 0.93 - 35.16±4.44 OPT Age (years) 

- 35.75±5.15 HPT 

- 35.50±3.62 CON 

0.85 *0.001 61.95±2.19 68.41±3.77 OPT Weight (kg) 

67.0±3.54 71.41±3.52 HPT 

71.70±5.70 70.60±5.71 CON 

0.90 0.90 - 161.75±5.59 OPT Height (cm) 

- 162.75±6.12 HPT 

- 162.0±5.05 CON 

0.38 *0.001 23.91±3.08 26.41±2.05 OPT Body mass index (BMI) 

25.57±2.47 27.25±3.01 HPT 

27.13±4.11 

 

26.94±4.68 CON 

OPT: Outdoor Pilates training, HPT: Home-based Pilates training, CON: control, *p<0.05 according to ANCOVA test 
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 (p≥0.001). In addition, VD level of patients 

did not differ significantly between the HPT 

and CON groups (p=0.87) (Table 2).  

Bivariate correlation analysis for NFL 

demonstrated a moderate positive association 

with fatigue (r=0.45; p<0.001) and a moderate 

negative association with VD (r=0.46, 

p<0.001); however, there was a moderate 

negative association between fatigue and VD 

changes (r=-0.54, p<0.001) (Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results showed that there was a significant 

difference between the groups in serum levels  

of NFL and VD and FSS scores following the 

8-week OPT and HPT training in all  groups 

(p<0.001). The post hoc test also showed that 

OPT caused a greater decrease in FSS score 

(41.76%) and  NFL  levels  (-25.15%)  and a 

greater  increase  in VD  levels  (78.43%) 

compared with HPT (17.77%, -18.17%, and 

9.61%,     respectively)      and    CON   groups  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable p r 

NFL 0.001 -0.46 

Vitamin D 

NFL 0.001 0.45 

Fatigue 

Vitamin D 0.001 -0.54 

Fatigue 
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Table 2-Results of ANCOVA and posthoc test on the levels of NFL, VD, and fatigue in patients with MS 

F p PosttestPost-test Baseline Groups Variable 

58.01 0.001* 15.98±2.26** 21.35±2.74 OPT NFL 

(ng/ml) 18.01±2.28# 22.01±3.01 HPT 

21.92±3.09## 21.12±3.05 CON 

12.22 0.001* 32.76±5.13** 18.36±2.87 OPT Vitamin D 

(ng/ml) 21.31±2.32 19.44±2.40 HPT 

19.22±3.64## 18.64±3.52 CON 

32.66 0.001* 2.51±0.35** 4.31±0.98 OPT Fatigue 

3.84±0.98# 4.67±0.71 HPT 

4.96±0.67## 4.24±1.04 CON 

OPT: outdoor Pilates training, HPT: home-based Pilates training, CON: control, *difference between groups 

according to ANCOVA test, **difference between OPT and HPT, #difference between HPT and CON, ## difference 

between OPT and CON 

 Table 3- Correlation test results on variables 
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measured, which needs to be addressed in 

future research. 

Given the immunomodulatory role of VD and 

its effects on T lymphocytes, this vitamin has 

been linked with the etiology of MS. It is well-

established that VD deficiency can be an 

independent factor associated with MS 

progression and patients disability. It has been 

suggested that nitric oxide (NO) production 

via inducible nitric oxide synthase (iNOS) 

plays an important role in the pathogenesis of 

several systemic autoimmune disorders, 

including MS. Active VD regulates the 

production of oxidative stress markers, NO, 

and/or the expression of iNOS in different 

cells, such as microglial cells, macrophages, 

and astrocytes (25). Furthermore, the activated 

inflammatory cells can produce 25-(OH)2D3, 

which subsequently exhibits anti-inflammatory 

activities directed against these cells (26). It 

was shown that patients with subclinical 

disease activity might have higher NFL levels 

than patients without magnetic resonance 

imaging (MRI) activity, and NFL levels 

correlated with enhancing lesion volume. 

Although a  negative association between 

increased 25(OH)D levels and  inflammatory 

MRI disease activity and a positive association  

between inflammatory MRI disease activity 

and NFL levels have  been reported (27), it is 

certain that axonal  degeneration is not only 

driven by neuroinflammation (28).   Lastly, it 

may be speculated that inter-individual 

differences in  serum levels of 25(OH)D at a 

given time point are related to  varying 

inflammatory disease activity (29), and that 

seasonal  variation in inflammatory MRI 

disease activity and NFL levels are due to 

seasonal beneficial factors for both 

neuroinflammation and neurodegeneration not 

related to 25(OH)D or ultraviolet ray exposure 

(29). A previous study found no significant 

association between serum VD and NFL levels 

in a 2-year study period (30). An 

epidemiologic study reported that outdoor 

physical activities could induce a higher 

increase in VD levels (31). This may 

contribute to the maintenance of VD status by 

increasing the rate of lipolysis, which 

enhances its mobilization from adipose tissue, 

other than merely by increasing the exposure 

of the skin to sunlight (32). In our study, one 

of the reasons for increasing VD levels and 

further reduction of BMI in the OPT group can 

DISCUSSION 

This study is the first that examined the effects 

of long-term training on NFL, fatigue, and VD 

in people with MS. Our results revealed that 

OPT and HPT significantly alter NFL, VD, 

and fatigue levels, while the greatest increase 

in VD levels was achieved by OPT, which 

consequently resulted in a further reduction of 

fatigue and NFL levels. We also found a 

significant negative correlation between NFL 

and VD and a positive correlation between 

NFL and fatigue.  

In this regard, Joisten et al. (2021) observed 

that repetitive acute exercise bouts reduce 

persistent acute NFL levels in MS patients in 

an intensity-dependent manner, but a 3-week 

high-intensity interval training did not affect 

NFL levels. They also reported that baseline 

plasma NFL levels had a negative correlation 

with participants’ cognitive performance (19). 

The difference between our findings and the 

results of the mentioned study may be 

attributed to the difference in the NFL 

measurement method as well as the type of 

blood sample used. For instance, in the study 

by Joisten et al., plasma samples were assessed 

by the single-molecule array method. In line 

with our findings, Ercan et al. (2021) reported 

a significant decrease in NFL levels after an 8-

week aerobic training intervention in RRMS 

patients (14). However, a study demonstrated 

that an 8-week resistance training intervention 

had no significant effect on NFL levels (13). 

The discrepancies between these results may 

be associated with the difference in exercise 

types and characteristics of the participants.  

Recently, it has been postulated that glutamate 

excitotoxicity could be a missing link between 

inflammatory and neurodegenerative processes 

in MS patients (20). An increase in the 

concentration of extracellular glutamate leads 

to the over-activation of glutamate receptors 

(21) and the transfer of large amounts of 

calcium ions into the cell, which in turn might 

increase NFL phosphorylation (22). On the 

other hand, an increase in brain-derived 

neurotrophic factor (BDNF)  leads to a 

decrease in NFL level (23). Given the role of 

Pilates training in increasing the level of 

BDNF (24), this type of exercise, by 

increasing neuroprotective factors and 

decreasing oxidative factors, may reduce the 

rate of NFL phosphorylation and therefore 

slow down disease progression. However, in 

this  study,  neurotrophic  indicators  were   not  
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of disability. The lack of significant 

differences in the baseline characteristics of 

the groups and the fact that they were 

randomized were some strengths of our study. 

It is not known how the effect of exercise on 

these variables will change when the type, 

intensity, and duration of the exercise are 

changed. Therefore, studies with a larger study 

population are needed to determine the effects 

of exercise on MS patients from the 

perspective of the stated biomarkers. 

 

CONCLUSION 

Our findings indicate that HPT and OPT can 

significantly reduce NFL levels and fatigue in 

women with MS. This indicates the positive 

effects combination of Pilates exercise and 

sunlight exposure in MS patients. However, 

further studies are required to confirm these 

findings. 
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be the sufficient duration of exposure to 

sunlight and its possible effects on lipolysis 

and adipose tissue. 

The most commonly proposed primary 

mechanisms of fatigue in MS involve the 

immune system or sequelae from CNS 

damage. Specific causes are thought to include 

pro-inflammatory cytokines, endocrine 

influences, axonal loss, and altered patterns of 

cerebral activation (33). The potential 

mechanisms through which Pilates affects 

symptoms of MS including anxiety, 

depression, and fatigue remain poorly 

understood. Evidence supports the plausibility 

of a myriad of psychological and biological 

mechanisms, including reduced sympathetic 

nerve activity in response to Pilates' breathing 

principles, improved serotonin system 

regulation, and social interaction (34). It was 

stated that a 4-week upper body and breathing 

exercise could help strengthen the upper body 

and respiratory muscles and increase training 

capacity, thereby reducing initial fatigue and 

improving quality of life (35). In line with our 

results, Beckman et al. (2020) reported that 

increasing VD levels could reduce fatigue and 

increase the quality of life in MS patients (36). 

In another study, an 8-week aerobic exercise 

and VD supplementation intervention 

improved fatigue and quality of life in MS 

(37). 

It is well-demonstrated that VD deficiency 

induces muscle weakness and myalgia, 

especially in patients with neurological 

impairment. Adequate VD levels promote the 

expression of insulin-like growth factor 1, 

which has neuroprotective effects against 

axonal and dendrite degeneration (38). 

Furthermore, VD therapy improves muscle 

mitochondrial oxidative phosphorylation that 

potentially results in fatigue modulation (39). 

Previous research indicates that 25(OH)D 

concentrations and calcium might prevent 

fatigue by regulating the biosynthesis of 

creatine kinase, lactate dehydrogenase, 

troponin I, and hydroxyproline via a proposed 

anti-free radical mechanism caused by a higher 

total antioxidant capacity (40). 

Our study has some limitations including the 

lack of accurate control of the subjects' diet 

during the research period and enrolling 

RRMS individuals with EDSS scores between 

2 and 5. Thus, our results cannot be 

generalized because we did not include other 

types of MS and individuals  with  high  levels  

60/ Decreased Serum Neurofilament. . . 

 

Medical Laboratory Journal,   May-Jun, 2023; Vol 17: No 3 

 

 

https://mlj.goums.ac.ir/browse.php?mag_id=73&slc_lang=en&sid=1


 

 

 

12. Guo LY, Lozinski B, Yong VW. Exercise in multiple 

sclerosis and its models: Focus on the central nervous 

system outcomes. J Neurosci Res. 2020; 98(3): 509-23. 

[View at Publisher] [DOI:10.1002/jnr.24524] [PubMed] 

[Google Scholar] 
 

13. Amiri N, Moazzami M, Yaghoubi A. Effect of Eight -

Weeks of Resistance Training on Serum Levels of 

Neurofilament Light Chain and Tau Protein in Women 

with Multiple Sclerosis. Medical Laboratory Journal. 

2021; 15(4): 33-8. [View at Publisher] 

[DOI:10.52547/mlj.15.4.33] 
 

14. Ercan Z, Bilek F, Demir CF. The effect of aerobic 

exercise on Neurofilament light chain and glial 

Fibrillary acidic protein level in patients with relapsing 

remitting type multiple sclerosis. Mult Scler Relat 

Disord. 2021; 55: 103219. [View at Publisher] 

[DOI:10.1016/j.msard.2021.103219] [PubMed] [Google 

Scholar] 
 

15. Herring MP, Hallgren M, Campbell MJ. Acute 

exercise effects on worry, state anxiety, and feelings of 

energy and fatigue among young women with probable 

generalized anxiety disorder: a pilot study. Psychology 

of Sport and Exercise. 2017; 33: 31-6. [View at 

Publisher] [DOI:10.1016/j.psychsport.2017.07.009] 

[Google Scholar] 
 

16. Fleming KM, Coote SB, Herring MP. An eight-week 

randomised controlled trial of home-based Pilates for 

symptoms of anxiety, depression, and fatigue among 

people with MS with minimal-to-mild mobility disability: 

Study Protocol. Mental Health and Physical Activity. 

2020; 19: 100341. [View at Publisher] 

[DOI:10.1016/j.mhpa.2020.100341] 
 

17. Proschinger S, Joisten N, Rademacher A, Schlagheck 

M, Walzik D, Metcalfe A, et al. Influence of combined 

functional resistance and endurance exercise over 12 

weeks on matrix metalloproteinase-2 serum 

concentration in persons with relapsing-remitting 

multiple sclerosis - a community-based randomized 

controlled trial. BMC Neurology. 2019;19. [View at 

Publisher] [DOI:10.1186/s12883-019-1544-7] [PubMed] 

[Google Scholar] 
 

18. Shahvaroughi-Farahani A, A'zimiyan M, Fallah-Pour 

M, Karimlou M. Fatigue Severity Scale (FSS): 

Evaluation of Reliability of the Persian Version among 

Persons with Multiple Sclerosis. jrehab. 2010;10(4):0-0. 

[View at Publisher] 
 

19. Joisten N, Rademacher A, Warnke C, Proschinger S, 

Schenk A, Walzik D, et al. Exercise Diminishes Plasma 

Neurofilament Light Chain and Reroutes the Kynurenine 

Pathway in Multiple Sclerosis. Neurol Neuroimmunol 

Neuroinflamm. 2021;8(3):e982. [View at Publisher] 

[DOI:10.1212/NXI.0000000000000982] [PubMed] 

[Google Scholar] 
 

20. Kostic M, Zivkovic N, Stojanovic I. Multiple 

sclerosis and glutamate excitotoxicity. Reviews in the 

Neurosciences. 2013; 24(1): 71-88. 

[DOI:10.1515/revneuro-2012-0062] [PubMed] [Google 

Scholar] 
 

21. Malekzadeh Shafaroudi M, Zarei H, Malekzadeh 

Shafaroudi A, Karimi N, Abedini M. The Relationship 

between Glutamate and Multiple Sclerosis. International 

Biological and Biomedical Journal. 2018; 4(1): 1-13. 

[View at Publisher] [Google Scholar] 

 

REFERENCES 

1. Correale J, Farez MF. The Role of Astrocytes in 

Multiple Sclerosis Progression. Front Neurol. 

2015;6:180. [View at Publisher] 

[DOI:10.3389/fneur.2015.00180] [PubMed] [Google 

Scholar] 
 

2. Bulguroglu I, Guclu-Gunduz A, Yazici G, Ozkul C, 

Irkec C, Nazliel B, et al. The effects of Mat Pilates and 

Reformer Pilates in patients with Multiple Sclerosis: A 

randomized controlled study. NeuroRehabilitation. 2017; 

41(2): 413-22. [DOI:10.3233/NRE-162121] [PubMed] 

[Google Scholar] 
 

3. Colotta F, Jansson B, Bonelli F. Modulation of 

inflammatory and immune responses by vitamin D. 

Journal of Autoimmunity. 2017; 85: 78-97. [View at 

Publisher] [DOI:10.1016/j.jaut.2017.07.007] [PubMed] 

[Google Scholar] 
 

4. Wrzosek M, Łukaszkiewicz J, Wrzosek M, Jakubczyk 

A, Matsumoto H, Piątkiewicz P, et al. Vitamin D and the 

central nervous system. Pharmacol Rep. 2013; 65(2): 

271-8. [View at Publisher] [DOI:10.1016/S1734-

1140(13)71003-X] [PubMed] [Google Scholar] 
 

5. Novakova L, Zetterberg H, Sundström P, Axelsson M, 

Khademi M, Gunnarsson M, et al. Monitoring disease 

activity in multiple sclerosis using serum neurofilament 

light protein. Neurology. 2017; 89(22): 2230-7. [View at 

Publisher] [DOI:10.1212/WNL.0000000000004683] 

[PubMed] [Google Scholar] 
 

6. Kuhle J, Nourbakhsh B, Grant D, Morant S, Barro C, 

Yaldizli Ö, et al. Serum neurofilament is associated with 

progression of brain atrophy and disability in early MS. 

Neurology. 2017; 88(9): 826-31. [View at Publisher] 

[DOI:10.1212/WNL.0000000000003653] [Google 

Scholar] 
 

7. Gaetani L, Salvadori N, Lisetti V, Eusebi P, Mancini 

A, Gentili L, et al. Cerebrospinal fluid neurofilament 

light chain tracks cognitive impairment in multiple 

sclerosis. J Neurol. 2019; 266(9): 2157-63. [View at 

Publisher] [DOI:10.1007/s00415-019-09398-7] 

[PubMed] [Google Scholar] 
 

8. Kalatha T, Arnaoutoglou M, Koukoulidis T, 

Hatzifilippou E, Bouras E, Baloyannis S, et al. Does 

cognitive dysfunction correlate with neurofilament light 

polypeptide levels in the CSF of patients with multiple 

sclerosis? J Int Med Res. 2019; 47(5): 2187-98. 

[DOI:10.1177/0300060519840550] [PubMed] [Google 

Scholar] 
 

9. Håkansson I, Johansson L, Dahle C, Vrethem M, 

Ernerudh J. Fatigue scores correlate with other self-

assessment data, but not with clinical and biomarker 

parameters, in CIS and RRMS. Mult Scler Relat Disord. 

2019; 36: 101424. [View at Publisher] 

[DOI:10.1016/j.msard.2019.101424] [PubMed] [Google 

Scholar] 
 

10. Sandberg L, Biström M, Salzer J, Vågberg M, 

Svenningsson A, Sundström P. Vitamin D and axonal 

injury in multiple sclerosis. Mult Scler. 2016; 

22(8):1027-31. [View at Publisher] 

[DOI:10.1177/1352458515606986] [PubMed] 
 

11. Holmøy T, Røsjø E, Zetterberg H, Blennow K, 

Lindstrøm JC, Steffensen LH, et al. Vitamin D 

supplementation and neurofilament light chain in 

multiple sclerosis. Acta Neurol Scand. 2019; 139(2): 

172-6. [View at Publisher] [DOI:10.1111/ane.13037] 

[PubMed] [Google Scholar] 

61/ Balaghi Inaloo and colleagues 

 

Medical Laboratory Journal,   May-Jun, 2023; Vol 17: No 3 

 

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.24524
https://doi.org/10.1002/jnr.24524
https://pubmed.ncbi.nlm.nih.gov/31486115/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Guo+LY%2C+Lozinski+B%2C+Yong+VW.+Exercise+in+multiple+sclerosis+and+its+models%3A+Focus+on+the+central+nervous+system+outcomes.+J+Neurosci+Res.+2020+Mar%3B98%283%29%3A509-23.&btnG=
https://mlj.goums.ac.ir/article-1-1315-en.html
https://doi.org/10.52547/mlj.15.4.33
https://www.sciencedirect.com/science/article/abs/pii/S2211034821004867
https://doi.org/10.1016/j.msard.2021.103219
https://pubmed.ncbi.nlm.nih.gov/34433118/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ercan+Z%2C+Bilek+F%2C+Demir+CF.+The+effect+of+aerobic+exercise+on+Neurofilament+light+chain+and+glial+Fibrillary+acidic+protein+level+in+patients+with+relapsing+remitting+type+multiple+sclerosis.+Mul
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ercan+Z%2C+Bilek+F%2C+Demir+CF.+The+effect+of+aerobic+exercise+on+Neurofilament+light+chain+and+glial+Fibrillary+acidic+protein+level+in+patients+with+relapsing+remitting+type+multiple+sclerosis.+Mul
https://www.sciencedirect.com/science/article/abs/pii/S1469029216301790
https://www.sciencedirect.com/science/article/abs/pii/S1469029216301790
https://doi.org/10.1016/j.psychsport.2017.07.009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Herring+MP%2C+Hallgren+M%2C+Campbell+MJ.+Acute+exercise+effects+on+worry%2C+state+anxiety%2C+and+feelings+of+energy+and+fatigue+among+young+women+with+probable+generalized+anxiety+disorder%3A+a+pilot
https://www.sciencedirect.com/science/article/pii/S1755296620300259
https://doi.org/10.1016/j.mhpa.2020.100341
https://link.springer.com/article/10.1186/s12883-019-1544-7
https://link.springer.com/article/10.1186/s12883-019-1544-7
https://doi.org/10.1186/s12883-019-1544-7
https://pubmed.ncbi.nlm.nih.gov/31810462/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Proschinger+S%2C+Joisten+N%2C+Rademacher+A%2C+Schlagheck+M%2C+Walzik+D%2C+Metcalfe+A%2C+et+al.+Influence+of+combined+functional+resistance+and+endurance+exercise+over+12+weeks+on+matrix+metalloprotei
https://rehabilitationj.uswr.ac.ir/article-1-1046-en.html
https://nn.neurology.org/content/8/3/e982.abstract
https://doi.org/10.1212/NXI.0000000000000982
https://pubmed.ncbi.nlm.nih.gov/33782190/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Joisten+N%2C+Rademacher+A%2C+Warnke+C%2C+Proschinger+S%2C+Schenk+A%2C+Walzik+D%2C+et+al.+Exercise+Diminishes+Plasma+Neurofilament+Light+Chain+and+Reroutes+the+Kynurenine+Pathway+in+Multiple+Sclerosis
https://doi.org/10.1515/revneuro-2012-0062
https://pubmed.ncbi.nlm.nih.gov/23152401/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kostic+M%2C+Zivkovic+N%2C+Stojanovic+I.+Multiple+sclerosis+and+glutamate+excitotoxicity.+Reviews+in+the+Neurosciences.+2013+Feb+1%3B24%281%29%3A71-88.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kostic+M%2C+Zivkovic+N%2C+Stojanovic+I.+Multiple+sclerosis+and+glutamate+excitotoxicity.+Reviews+in+the+Neurosciences.+2013+Feb+1%3B24%281%29%3A71-88.&btnG=
http://ibbj.org/browse.php?a_id=148&sid=1&slc_lang=en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Malekzadeh+Shafaroudi+M%2C+Zarei+H%2C+Malekzadeh+Shafaroudi+A%2C+Karimi+N%2C+Abedini+M.+The+Relationship+between+Glutamate+and+Multiple+Sclerosis.+International+Biological+and+Biomedical+Journal.+201
https://www.frontiersin.org/articles/10.3389/fneur.2015.00180/full
https://doi.org/10.3389/fneur.2015.00180
https://pubmed.ncbi.nlm.nih.gov/26347709/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Correale+J%2C+Farez+MF.+The+Role+of+Astrocytes+in+Multiple+Sclerosis+Progression.+Front+Neurol.+2015%3B6%3A180.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Correale+J%2C+Farez+MF.+The+Role+of+Astrocytes+in+Multiple+Sclerosis+Progression.+Front+Neurol.+2015%3B6%3A180.&btnG=
https://doi.org/10.3233/NRE-162121
https://pubmed.ncbi.nlm.nih.gov/28946576/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bulguroglu+I%2C+Guclu-Gunduz+A%2C+Yazici+G%2C+Ozkul+C%2C+Irkec+C%2C+Nazliel+B%2C+et+al.+The+effects+of+Mat+Pilates+and+Reformer+Pilates+in+patients+with+Multiple+Sclerosis%3A+A+randomized+controlled+
https://www.sciencedirect.com/science/article/abs/pii/S0896841117304638
https://www.sciencedirect.com/science/article/abs/pii/S0896841117304638
https://doi.org/10.1016/j.jaut.2017.07.007
https://pubmed.ncbi.nlm.nih.gov/28733125/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Colotta+F%2C+Jansson+B%2C+Bonelli+F.+Modulation+of+inflammatory+and+immune+responses+by+vitamin+D.+&btnG=
https://link.springer.com/article/10.1016/S1734-1140(13)71003-X
https://doi.org/10.1016/S1734-1140(13)71003-X
https://doi.org/10.1016/S1734-1140(13)71003-X
https://pubmed.ncbi.nlm.nih.gov/23744412/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wrzosek+M%2C+%C5%81ukaszkiewicz+J%2C+Wrzosek+M%2C+Jakubczyk+A%2C+Matsumoto+H%2C+Pi%C4%85tkiewicz+P%2C+et+al.+Vitamin+D+and+the+central+nervous+system.+Pharmacol+Rep.+2013+Mar+1%3B65%282%29%3A271-8.&b
https://n.neurology.org/content/89/22/2230.short
https://n.neurology.org/content/89/22/2230.short
https://doi.org/10.1212/WNL.0000000000004683
https://pubmed.ncbi.nlm.nih.gov/29079686/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Novakova+L%2C+Zetterberg+H%2C+Sundstr%C3%B6m+P%2C+Axelsson+M%2C+Khademi+M%2C+Gunnarsson+M%2C+et+al.+Monitoring+disease+activity+in+multiple+sclerosis+using+serum+neurofilament+light+protein.+Neurolog
https://n.neurology.org/content/88/9/826.short
https://doi.org/10.1212/WNL.0000000000003653
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kuhle+J%2C+Nourbakhsh+B%2C+Grant+D%2C+Morant+S%2C+Barro+C%2C+Yaldizli+%C3%96%2C+et+al.+Serum+neurofilament+is+associated+with+progression+of+brain+atrophy+and+disability+in+early+MS.+Neurology.+2017+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kuhle+J%2C+Nourbakhsh+B%2C+Grant+D%2C+Morant+S%2C+Barro+C%2C+Yaldizli+%C3%96%2C+et+al.+Serum+neurofilament+is+associated+with+progression+of+brain+atrophy+and+disability+in+early+MS.+Neurology.+2017+
https://link.springer.com/article/10.1007/s00415-019-09398-7
https://link.springer.com/article/10.1007/s00415-019-09398-7
https://doi.org/10.1007/s00415-019-09398-7
https://pubmed.ncbi.nlm.nih.gov/31129709/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gaetani+L%2C+Salvadori+N%2C+Lisetti+V%2C+Eusebi+P%2C+Mancini+A%2C+Gentili+L%2C+et+al.+Cerebrospinal+fluid+neurofilament+light+chain+tracks+cognitive+impairment+in+multiple+sclerosis.+J+Neurol.+2019+S
https://doi.org/10.1177/0300060519840550
https://pubmed.ncbi.nlm.nih.gov/30982375/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kalatha+T%2C+Arnaoutoglou+M%2C+Koukoulidis+T%2C+Hatzifilippou+E%2C+Bouras+E%2C+Baloyannis+S%2C+et+al.+Does+cognitive+dysfunction+correlate+with+neurofilament+light+polypeptide+levels+in+the+CSF+of+pa
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kalatha+T%2C+Arnaoutoglou+M%2C+Koukoulidis+T%2C+Hatzifilippou+E%2C+Bouras+E%2C+Baloyannis+S%2C+et+al.+Does+cognitive+dysfunction+correlate+with+neurofilament+light+polypeptide+levels+in+the+CSF+of+pa
https://www.sciencedirect.com/science/article/abs/pii/S2211034819304043
https://doi.org/10.1016/j.msard.2019.101424
https://pubmed.ncbi.nlm.nih.gov/31586802/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H%C3%A5kansson+I%2C+Johansson+L%2C+Dahle+C%2C+Vrethem+M%2C+Ernerudh+J.+Fatigue+scores+correlate+with+other+self-assessment+data%2C+but+not+with+clinical+and+biomarker+parameters%2C+in+CIS+and+RRMS.+M
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H%C3%A5kansson+I%2C+Johansson+L%2C+Dahle+C%2C+Vrethem+M%2C+Ernerudh+J.+Fatigue+scores+correlate+with+other+self-assessment+data%2C+but+not+with+clinical+and+biomarker+parameters%2C+in+CIS+and+RRMS.+M
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sandberg+L%2C+Bistr%C3%B6m+M%2C+Salzer+J%2C+V%C3%A5gberg+M%2C+Svenningsson+A%2C+Sundstr%C3%B6m+P.+Vitamin+D+and+axonal+injury+in+multiple+sclerosis.+Mult+Scler.+2016+Jul%3B22%288%29%3A1027-31.&btnG=
https://doi.org/10.1177/1352458515606986
https://pubmed.ncbi.nlm.nih.gov/26462862/
https://onlinelibrary.wiley.com/doi/abs/10.1111/ane.13037
https://doi.org/10.1111/ane.13037
https://pubmed.ncbi.nlm.nih.gov/30317548/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Holm%C3%B8y+T%2C+R%C3%B8sj%C3%B8+E%2C+Zetterberg+H%2C+Blennow+K%2C+Lindstr%C3%B8m+JC%2C+Steffensen+LH%2C+et+al.+Vitamin+D+supplementation+and+neurofilament+light+chain+in+multiple+sclerosis.+Acta+Neu
https://mlj.goums.ac.ir/browse.php?mag_id=73&slc_lang=en&sid=1


 

 

32. Frühauf A, Niedermeier M, Elliott LR, Ledochowski 

L, Marksteiner J, Kopp M. Acute effects of outdoor 

physical activity on affect and psychological well-being 

in depressed patients - A preliminary study. Mental 

Health and Physical Activity. 2016; 10: 4-9. [View at 

Publisher] [DOI:10.1016/j.mhpa.2016.02.002] [Google 

Scholar] 
 

33. Braley TJ, Chervin RD. Fatigue in Multiple 

Sclerosis: Mechanisms, Evaluation, and Treatment. 

Sleep. 2010; 33(8): 1061-7. [View at Publisher] 

[DOI:10.1093/sleep/33.8.1061] [PubMed] [Google 

Scholar] 
 

34. Fleming KM, Herring MP. The effects of pilates on 

mental health outcomes: A meta-analysis of controlled 

trials. Complementary therapies in medicine. 

2018;37:80-95. [View at Publisher] 

[DOI:10.1016/j.ctim.2018.02.003] [PubMed] [Google 

Scholar] 
 

35. Cramer H, Lauche R, Azizi H, Dobos G, Langhorst J. 

Yoga for multiple sclerosis: a systematic review and 

meta-analysis. PLoS One. 2014;9(11):e112414. [View at 

Publisher] [DOI:10.1371/journal.pone.0112414] 

[PubMed] [Google Scholar] 
 

36. Beckmann Y, Türe S, Duman SU. Vitamin D 

deficiency and its association with fatigue and quality of 

life in multiple sclerosis patients. EPMA J. 2020; 11(1): 

65-72. [View at Publisher] [DOI:10.1007/s13167-019-

00191-0] [PubMed] [Google Scholar] 
 

37. Bahmani E, Hoseini R, Amiri E. The effect of home-

based aerobic training and vitamin D supplementation 

on fatigue and quality of life in patients with multiple 

sclerosis during COVID-19 outbreak. Sci Sports. 2022; 

37(8): 710-719. [DOI:10.21203/rs.3.rs-655827/v1] 

[PubMed] [Google Scholar] 
 

38. Wang L, Zhao XM, Wang FY, Wu JC, Wang Y. 

Effect of Vitamin D Supplementation on the Prognosis of 

Post-stroke Fatigue: A Retrospective Cohort Study. Front 

Neurol. 2021;12:690969. [View at Publisher] 

[DOI:10.3389/fneur.2021.690969] [PubMed] [Google 

Scholar] 
 

39. Sinha A, Hollingsworth KG, Ball S, Cheetham T. 

Improving the vitamin D status of vitamin D deficient 

adults is associated with improved mitochondrial 

oxidative function in skeletal muscle. J Clin Endocrinol 

Metab. 2013; 98(3): E509-513. [View at Publisher] 

[DOI:10.1210/jc.2012-3592] [PubMed] [Google Scholar] 
 

40. Al-Eisa ES, Alghadir AH, Gabr SA. Correlation 

between vitamin D levels and muscle fatigue risk factors 

based on physical activity in healthy older adults. Clin 

Interv Aging. 2016; 11: 513-22. [View at Publisher] 

[DOI:10.2147/CIA.S102892] [PubMed] [Google 

Scholar] 

 

 

 

 

 

 

 

 

 

 

 

 

22. Loureiro SO, Heimfarth L, Pelaez P de L, Vanzin CS, 

Viana L, Wyse ATS, et al. Homocysteine activates 

calcium-mediated cell signaling mechanisms targeting 

the cytoskeleton in rat hippocampus. Int J Dev Neurosci. 

2008; 26(5): 447-55. [View at Publisher] 

[DOI:10.1016/j.ijdevneu.2008.03.001] [PubMed] 

[Google Scholar] 
 

23. Gordon J. Long-term Aerobic Exercise Can Enhance 

Cognition and Delya the Onset of Alzheimer's Disease. 

2019. Spring Showcase for Research and Creative 

Inquiry. 50. [View at Publisher] [Google Scholar] 
 

24. Taghizadeh V, Hakak Dokht E, Ghahremani 

Moghaddam M. Effect of 8 weeks of pilates training on 

serum level of brain-derived neurotrophic factor and 

dynamic balance in men with multiple sclerosis. Journal 

of Practical Studies of Biosciences in Sport. 2021; 9(18): 

58-71. [View at Publisher] [Google Scholar] 
 

25. Oliveira SR, Simão ANC, Alfieri DF, Flauzino T, 

Kallaur AP, Mezzaroba L, et al. Vitamin D deficiency is 

associated with disability and disease progression in 

multiple sclerosis patients independently of oxidative and 

nitrosative stress. Journal of the Neurological Sciences. 

2017; 381: 213-9. [View at Publisher] 

[DOI:10.1016/j.jns.2017.07.046] [PubMed] [Google 

Scholar] 
 

26. Miller ED, Dziedzic A, Saluk-Bijak J, Bijak M. A 

Review of Various Antioxidant Compounds and their 

Potential Utility as Complementary Therapy in Multiple 

Sclerosis. Nutrients. 2019; 11(7): 1528. [View at 

Publisher] [DOI:10.3390/nu11071528] [PubMed] 

[Google Scholar] 
 

27. Varhaug KN, Barro C, Bjørnevik K, Myhr KM, 

Torkildsen Ø, Wergeland S, et al. Neurofilament light 

chain predicts disease activity in relapsing-remitting MS. 

Neurol Neuroimmunol Neuroinflamm. 2018 

Jan;5(1):e422. [View at Publisher] 

[DOI:10.1212/NXI.0000000000000422] [PubMed] 

[Google Scholar] 
 

28. Enzinger C, Fuchs S, Pichler A, Wallner-Blazek M, 

Khalil M, Langkammer C, et al. Predicting the severity 

of relapsing-remitting MS: the contribution of cross-

sectional and short-term follow-up MRI data. Mult Scler. 

2011;17(6):695-701. [DOI:10.1177/1352458510394454] 

[PubMed] [Google Scholar] 
 

29. Smolders J, Torkildsen Ø, Camu W, Holmøy T. An 

Update on Vitamin D and Disease Activity in Multiple 

Sclerosis. CNS Drugs. 2019; 33(12): 1187-99. [View at 

Publisher] [DOI:0.1007/s40263-019-00674-8] [PubMed] 

[Google Scholar] 
 

30. Røsjø E, Lindstrøm JC, Holmøy T, Myhr KM, 

Varhaug KN, Torkildsen Ø. Natural Variation of Vitamin 

D and Neurofilament Light Chain in Relapsing-Remitting 

Multiple Sclerosis. Front Neurol. 2020; 11: 329. [View at 

Publisher] [DOI:10.3389/fneur.2020.00329] [PubMed] 

[Google Scholar] 
 

31. Irandoust K, Taheri M. The Effect of Vitamin D 

supplement and Indoor Vs Outdoor Physical Activity on 

Depression of Obese Depressed Women. Asian J Sports 

Med. 2017; 8(3): e13311. [View at Publisher] 

[DOI:10.5812/asjsm.13311] [Google Scholar] 

 

 

 
 

 

How to Cite: 

Balaghi Inaloo F, Askari F, Haghighi AH, Kashani K, Friedemann P [Decreased Serum Neurofilament Light Chain and 

Fatigue Severity in Patients with Multiple Sclerosis after Home-Based and Outdoor Pilates Training]. mljgoums. 2023; 17(3): 

55-62 DOI: 10.29252/mlj.17.3.55 

 

 

 

 

62/ Decreased Serum Neurofilament. . . 

 

Medical Laboratory Journal,   May-Jun, 2023; Vol 17: No 3 

 

https://www.sciencedirect.com/science/article/abs/pii/S1755296615300156
https://www.sciencedirect.com/science/article/abs/pii/S1755296615300156
https://doi.org/10.1016/j.mhpa.2016.02.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fr%C3%BChauf+A%2C+Niedermeier+M%2C+Elliott+LR%2C+Ledochowski+L%2C+Marksteiner+J%2C+Kopp+M.+Acute+effects+of+outdoor+physical+activity+on+affect+and+psychological+well-being+in+depressed+patients+-+A+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fr%C3%BChauf+A%2C+Niedermeier+M%2C+Elliott+LR%2C+Ledochowski+L%2C+Marksteiner+J%2C+Kopp+M.+Acute+effects+of+outdoor+physical+activity+on+affect+and+psychological+well-being+in+depressed+patients+-+A+
https://academic.oup.com/sleep/article/33/8/1061/2454562
https://doi.org/10.1093/sleep/33.8.1061
https://pubmed.ncbi.nlm.nih.gov/20815187/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Braley+TJ%2C+Chervin+RD.+Fatigue+in+Multiple+Sclerosis%3A+Mechanisms%2C+Evaluation%2C+and+Treatment.+Sleep.+2010+Aug+1%3B33%288%29%3A1061-7.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Braley+TJ%2C+Chervin+RD.+Fatigue+in+Multiple+Sclerosis%3A+Mechanisms%2C+Evaluation%2C+and+Treatment.+Sleep.+2010+Aug+1%3B33%288%29%3A1061-7.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0965229917306118
https://doi.org/10.1016/j.ctim.2018.02.003
https://pubmed.ncbi.nlm.nih.gov/29609943/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fleming+KM%2C+Herring+MP.+The+effects+of+pilates+on+mental+health+outcomes%3A+A+meta-analysis+of+controlled+trials.+Complementary+therapies+in+medicine.+2018%3B37%3A80-95.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fleming+KM%2C+Herring+MP.+The+effects+of+pilates+on+mental+health+outcomes%3A+A+meta-analysis+of+controlled+trials.+Complementary+therapies+in+medicine.+2018%3B37%3A80-95.&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0112414
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0112414
https://doi.org/10.1371/journal.pone.0112414
https://pubmed.ncbi.nlm.nih.gov/25390344/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cramer+H%2C+Lauche+R%2C+Azizi+H%2C+Dobos+G%2C+Langhorst+J.+Yoga+for+multiple+sclerosis%3A+a+systematic+review+and+meta-analysis.+PLoS+One.+2014%3B9%2811%29%3Ae112414.&btnG=
https://link.springer.com/article/10.1007/s13167-019-00191-0
https://doi.org/10.1007/s13167-019-00191-0
https://doi.org/10.1007/s13167-019-00191-0
https://pubmed.ncbi.nlm.nih.gov/32140186/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Beckmann+Y%2C+T%C3%BCre+S%2C+Duman+SU.+Vitamin+D+deficiency+and+its+association+with+fatigue+and+quality+of+life+in+multiple+sclerosis+patients.+EPMA+J.+2020+Mar%3B11%281%29%3A65-72.&btnG=
https://doi.org/10.21203/rs.3.rs-655827/v1
https://pubmed.ncbi.nlm.nih.gov/36119949/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bahmani+E%2C+Hoseini+R%2C+Amiri+E.+Effect+of+Home-Based+Aerobic+Training+and+Vitamin+D+Supplementation+on+Fatigue+and+Quality+of+Life+in+Patients+with+Multiple+Sclerosis+During+COVID-19+Outbreak.+202
https://www.frontiersin.org/articles/10.3389/fneur.2021.690969/full
https://doi.org/10.3389/fneur.2021.690969
https://pubmed.ncbi.nlm.nih.gov/34803866/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+L%2C+Zhao+XM%2C+Wang+FY%2C+Wu+JC%2C+Wang+Y.+Effect+of+Vitamin+D+Supplementation+on+the+Prognosis+of+Post-stroke+Fatigue%3A+A+Retrospective+Cohort+Study.+Front+Neurol.+2021%3B12%3A690969.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+L%2C+Zhao+XM%2C+Wang+FY%2C+Wu+JC%2C+Wang+Y.+Effect+of+Vitamin+D+Supplementation+on+the+Prognosis+of+Post-stroke+Fatigue%3A+A+Retrospective+Cohort+Study.+Front+Neurol.+2021%3B12%3A690969.&btnG=
https://academic.oup.com/jcem/article/98/3/E509/2536948
https://doi.org/10.1210/jc.2012-3592
https://pubmed.ncbi.nlm.nih.gov/23393184/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sinha+A%2C+Hollingsworth+KG%2C+Ball+S%2C+Cheetham+T.+Improving+the+vitamin+D+status+of+vitamin+D+deficient+adults+is+associated+with+improved+mitochondrial+oxidative+function+in+skeletal+muscle.+J+Cl
https://www.tandfonline.com/doi/full/10.2147/CIA.S102892
https://doi.org/10.2147/CIA.S102892
https://pubmed.ncbi.nlm.nih.gov/27217733/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Al-Eisa+ES%2C+Alghadir+AH%2C+Gabr+SA.+Correlation+between+vitamin+D+levels+and+muscle+fatigue+risk+factors+based+on+physical+activity+in+healthy+older+adults.+Clin+Interv+Aging.+2016+May+4%3B11%3A513
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Al-Eisa+ES%2C+Alghadir+AH%2C+Gabr+SA.+Correlation+between+vitamin+D+levels+and+muscle+fatigue+risk+factors+based+on+physical+activity+in+healthy+older+adults.+Clin+Interv+Aging.+2016+May+4%3B11%3A513
https://www.sciencedirect.com/science/article/abs/pii/S0736574808000452
https://doi.org/10.1016/j.ijdevneu.2008.03.001
https://pubmed.ncbi.nlm.nih.gov/18406095/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Loureiro+SO%2C+Heimfarth+L%2C+Pelaez+P+de+L%2C+Vanzin+CS%2C+Viana+L%2C+Wyse+ATS%2C+et+al.+Homocysteine+activates+calcium-mediated+cell+signaling+mechanisms+targeting+the+cytoskeleton+in+rat+hippocamp
https://digitalcommons.longwood.edu/rci_spring/50/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gordon+J.+Long-term+Aerobic+Exercise+Can+Enhance+Cognition+and+Delya+the+Onset+of+Alzheimer%27s+Disease+%5BInternet%5D.+2019+%5Bcited+2022+Jun+18%5D.+Available+from%3A+https%3A%2F%2Fwww.semanticschol
https://jpsbs.birjand.ac.ir/article_1724.html?lang=en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Taghizadeh+V%2C+Hakak+Dokht+E%2C+Ghahremani+Moghaddam+M.+Effect+of+8+weeks+of+pilates+training+on+serum+level+of+brain-derived+neurotrophic+factor+and+dynamic+balance+in+men+with+multiple+sclerosis.+
https://www.sciencedirect.com/science/article/pii/S0022510X1730480X
https://doi.org/10.1016/j.jns.2017.07.046
https://pubmed.ncbi.nlm.nih.gov/28991684/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oliveira+SR%2C+Sim%C3%A3o+ANC%2C+Alfieri+DF%2C+Flauzino+T%2C+Kallaur+AP%2C+Mezzaroba+L%2C+et+al.+Vitamin+D+deficiency+is+associated+with+disability+and+disease+progression+in+multiple+sclerosis+patie
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oliveira+SR%2C+Sim%C3%A3o+ANC%2C+Alfieri+DF%2C+Flauzino+T%2C+Kallaur+AP%2C+Mezzaroba+L%2C+et+al.+Vitamin+D+deficiency+is+associated+with+disability+and+disease+progression+in+multiple+sclerosis+patie
https://www.mdpi.com/2072-6643/11/7/1528
https://www.mdpi.com/2072-6643/11/7/1528
https://doi.org/10.3390/nu11071528
https://pubmed.ncbi.nlm.nih.gov/31284389/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Miller+ED%2C+Dziedzic+A%2C+Saluk-Bijak+J%2C+Bijak+M.+A+Review+of+Various+Antioxidant+Compounds+and+their+Potential+Utility+as+Complementary+Therapy+in+Multiple+Sclerosis.+Nutrients.+2019+Jul%3B11%287
https://nn.neurology.org/content/5/1/e422.short
https://doi.org/10.1212/NXI.0000000000000422
https://pubmed.ncbi.nlm.nih.gov/29209636/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Varhaug+KN%2C+Barro+C%2C+Bj%C3%B8rnevik+K%2C+Myhr+KM%2C+Torkildsen+%C3%98%2C+Wergeland+S%2C+et+al.+Neurofilament+light+chain+predicts+disease+activity+in+relapsing-remitting+MS.+Neurol+Neuroimmunol+N
https://doi.org/10.1177/1352458510394454
https://pubmed.ncbi.nlm.nih.gov/21228028/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enzinger+C%2C+Fuchs+S%2C+Pichler+A%2C+Wallner-Blazek+M%2C+Khalil+M%2C+Langkammer+C%2C+et+al.+Predicting+the+severity+of+relapsing-remitting+MS%3A+the+contribution+of+cross-sectional+and+short-term+fo
https://link.springer.com/article/10.1007/s40263-019-00674-8
https://link.springer.com/article/10.1007/s40263-019-00674-8
https://doi.org/10.1007/s40263-019-00674-8
https://pubmed.ncbi.nlm.nih.gov/31686407/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smolders+J%2C+Torkildsen+%C3%98%2C+Camu+W%2C+Holm%C3%B8y+T.+An+Update+on+Vitamin+D+and+Disease+Activity+in+Multiple+Sclerosis.+CNS+Drugs.+2019%3B33%2812%29%3A1187-99.&btnG=
https://www.frontiersin.org/articles/10.3389/fneur.2020.00329/full
https://www.frontiersin.org/articles/10.3389/fneur.2020.00329/full
https://doi.org/10.3389/fneur.2020.00329
https://pubmed.ncbi.nlm.nih.gov/32425877/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R%C3%B8sj%C3%B8+E%2C+Lindstr%C3%B8m+JC%2C+Holm%C3%B8y+T%2C+Myhr+KM%2C+Varhaug+KN%2C+Torkildsen+%C3%98.+Natural+Variation+of+Vitamin+D+and+Neurofilament+Light+Chain+in+Relapsing-Remitting+Multiple+Scl
https://brieflands.com/articles/asjsm-13311.html#abstract
https://doi.org/10.5812/asjsm.13311
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Irandoust+K%2C+Taheri+M.+The+Effect+of+Vitamin+D+supplement+and+Indoor+Vs+Outdoor+Physical+Activity+on+Depression+of+Obese+Depressed+Women.+Asian+J+Sports+Med+%5BInternet%5D.+2017+%5Bcited+2022+Jun+1
file:///E:/semnani/2020/4%20Jul-Aug%202020/1-article%20A-10-913-1-nasir/10.29252/mlj.14.4.1
https://mlj.goums.ac.ir/browse.php?mag_id=73&slc_lang=en&sid=1

