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Abstract 
Background: Multiple sclerosis (MS) is an 
inflammatory disease of the central nervous system 
(CNS) with the most common complaint of fatigue. A 
high number of patients with MS are interested in 
taking dietary supplements as a complementary 
therapy. We propose a specially formulated 
supplement for patients with MS and aim to evaluate 
its effects on fatigue. 
Methods: This study was a triple-blind, randomized, 

placebo-controlled trial using a stratified 
randomization method according to sex. 46 eligible 
patients participated in the study, 23 in the placebo 
group and 23 in the intervention group. The 
intervention group received two capsules of 
multivitamin-mineral (MVM) daily for 3 months.  
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Measurements of fatigue and cytokines were 
performed in all patients at the baseline and after the 
3-month intervention 
Results: Finally, information of 41 participants was 
used for data analysis. However, fatigue was decreased 
after supplementation than before, in the intervention 
group (P = 0.005). There was no significant difference  
(P = 0.090) between the change of fatigue score in the 
MVM group (-3.00 ± 4.42) and the control group  
(-0.40 ± 5.14). Among cytokines, Interleukin 4 (IL-4) 
significantly increased in the intervention group 
compared to the placebo (P = 0.030). 
Conclusion: Our study showed that the present MVM 
probably could improve the inflammatory state and 
fatigue in patients with MS. 

Introduction 
Multiple sclerosis (MS) is an immune-mediated 
inflammatory disease (IMID) causing demyelination 
and axonal loss in the central nervous system (CNS). 
The relapsing-remitting MS (RRMS) is the dominant 
and benign form of the disease with relapse and 
remission phases.1,2 Another form is secondary 
progressive MS (SPMS), a slowly worsening phase 
with more disability, which occurs in patients with 
RRMS over a long period.3 

However, the pathogenesis of MS is still under 
debate, evidence suggests an underlying role for 
activated lymphocytes including CD4+ T helper, 
lymphocytes Th1 and Th17, and cytotoxic CD8+ to 
stimulate inflammation and autoimmunity in the 
CNS.4 Studies have shown that activated immune 
cells initially disturb the blood-brain barrier (BBB) 
and consequently migrate to the CNS. Imported 
immune cells release several pro-inflammatory 
mediators, resulting in structural and functional 
disruption to the CNS.5-8 Numerous studies have 
shown that RRMS progress to SPMS due to 
increased pro-inflammatory cytokines. While  
pro-inflammatory cytokines released from Th17 
(IL-17) and Th1 (IFN-γ, TNF-α, and IL-2) have been 
implicated as mediators of MS progression, the 
anti-inflammatory cytokines such as IL-4 and  
IL-10 produced by regulatory T cells (T-regs) have 
an antagonist effect on inflammatory cells and can 
control MS progression.9-12 

One of the most common problems due to the 
aforementioned inflammatory states leading to 
impaired daily life activities and quality of life 
(QOL) in patients with MS is the overwhelming 
feeling of physical or psychological exhaustion 
called fatigue.13 Despite using medical treatments, 
most patients report mild to severe fatigue. In 
addition, many patients with MS experiencing any 

degree of fatigue have an interest in consuming 
different types of dietary supplements with 
various contents of vitamins and minerals as 
complementary therapy.14 

Some studies have shown the effects of 
supplementation with vitamins or minerals on 
clinical and laboratory outcomes in patients with 
MS.15-17 Numerous studies have reported that 
patients with MS improved after separate 
supplementations with vitamins (A, B, C, D, and E) 
and minerals (Calcium, Magnesium, and Selenium). 
These supplements may reduce the biological 
synthesis of pro-inflammatory and oxidative 
compounds.18-25 However, it is well known that 
excessive intake of Iron, Zinc, and Copper must be 
controlled to avoid increasing inflammatory and 
oxidative stress processes due to their cumulative 
effect in patients with MS. Therefore, many studies 
have yet to be performed to precisely find out the 
dosage of vitamins and minerals needed to achieve 
optimal therapeutic response in patients with MS. 
Based on the evidence available, it appears that a 
routine use of multivitamin-mineral (MVM) 
including Iron, Copper, and Zinc is inappropriate 
for these patients due to high dose intake of these 
minerals results in detrimental effects.26-28 
Currently, there is no such a suitable supplement 
appropriate to decrease fatigue in patients with MS. 
Here, we conducted a clinical trial to investigate 
whether administration of the specially proposed 
MVM to MS affects the degree of fatigue and 
inflammatory state in patients with MS. 

Materials and Methods 
Study design: The present study was a triple-blind 
and randomized clinical trial to compare the state of 
fatigue and inflammatory factors in patients with MS 
receiving MVM supplements specialized for fatigue 
treatment with the placebo group. The study was 
registered on the Iranian Registry of Clinical  
Trials (IRCT) with code IRCT2016022026658N1. 
Additionally, the ethical approval was received from 
the Ethics Committee, Tehran University of Medical 
Sciences, Tehran, Iran (IR.TUMS.REC.1394.873). 

Participants: Randomization was performed 
using a stratified randomization method according 
to sex to select eligible patients among those 
referred to MS Research Center, Sina Hospital, 
Tehran between December 2018 and June 2019. All 
the colleagues that were involved in the study 
were blind, and only one person who coded the 
drug packs was aware of the intervention who had 
no further involvement in the study (Figure 1).  
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Figure 1. CONSORT 2010 flow diagram for multivitamin-mineral (MVM) intervention study 
 

The authors checked the inclusion and 
exclusion criteria, generated the random allocation 
sequence, and assigned participants to the groups. 
All participants were informed and signed 
informed consent forms and they were enrolled 
with the definite diagnosis of MS (RRMS subtype), 
according to the 2010 McDonald criteria.29 

To control the selection bias, the study was 
designed to recruit both male and female patients 
aged 18 to 45 years, which were not in the acute 
phase of MS at the time of screening. The patients 
were followed up every month during the study to 
determine the adhesion to using the supplement. 
Furthermore, patients were recruited for study if 
they had all the following inclusion criteria:  

- Suffering from RRMS;29 
- Receiving interferon within at least 3 months 

prior to taking part in the study;  
- Patients with the same protocol for fatigue 

treatment [they all received selective serotonin 
reuptake inhibitors (SSRIs)];  

- Lack of taking complementary supplements  
at least within 3 months prior to taking part in  
the study;  

- Having an Expanded Disability Status Scale 
(EDSS) score between 0 and 6; 

Patients were excluded from the study if they 
had one or more of the following criteria: 

- Pregnant participants; 
- Presenting acute forms of liver disease and 

biliary system and pancreas disease; 
- A history of viral illnesses, asthma, and other 

autoimmune diseases that have an impact on 
Th1/Th2 balance, such as systemic lupus 
erythematosus (SLE), rheumatoid arthritis (RA), 
type 1 diabetes (T1D) and inflammatory bowel 
disease (IBD); 

- Patients with Iron deficient;  
- Participants who had a special diet or changed 

their diet during the study; 
- Consumption of any nutritional supplements 

or new drugs during the study;  
- Forgetfulness to use the supplement for more 

than 12 days (10% of treatment period); 
- Obese patients [body mass index (BMI) ≥ 30 

kg/m2), malnourished patients (BMI < 18.5 kg/m2) 
and substance, cigarette, or alcohol dependence; 

Intervention: Our intervention group received 

Assessed for eligibility (n = 500)

Excluded (n = 454) 
Not meeting inclusion criteria (n = 404) 

Declined to participate (n = 50) 

Randomized (n = 46)

Allocated to intervention (n = 23) 
Received allocated intervention (n = 23) 

Not receiving allocated intervention 
(giving reasons) (n = 0) 

Allocated to placebo (n = 23) 
Received allocated placebo (n = 23) 

Not receiving allocated placebo 
(giving reasons) (n = 0) 

Enrollment 

Allocation

Lost to follow-up (patient did not participate in the 
final laboratory and clinical tests due to emigration, 
another patient had low compliance and remaining 

tablets were > 10% of total) (n = 2) 
Discontinued intervention (giving reasons) (n = 0)

Lost to follow-up  
(giving reasons) (n = 0) 

Discontinued placebo (severe 
hair loss) (n = 3) 

Follow-Up

Analysed (n = 21) 
Excluded from analysis (giving reasons) (n = 0) 

Analysed (n = 20) 
Excluded from analysis (giving reasons) (n = 0)

Analysis
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a daily intake of two MVM capsules for 3 months. 
The MVM and placebo capsules were similar in 
appearance to inhibit the possible information bias.  

Each two MVM capsules consisted of 350 μg of 
vitamin A, 15 μg of vitamin D,30,31 7.5 mg of 
vitamin D, 75 mg of vitamin C, 1.1 mg of vitamin 
B1, 1.5 mg of vitamin B6, 400 μg of vitamin B9, 2.4 
μg of vitamin B12, and also 250 mg of calcium, 160 
mg of magnesium, 27 μg of selenium, 200 mg of 
Q10, and 100 mg of L-carnitine.  

The dose of vitamins and minerals was 
recommended according to the Recommended 
Dietary Allowance (RDA) intake for vitamins D, C, 
B1, B6, and B12, and preventing toxicity for vitamins 
A and E, preventing gastrointestinal complications 
for calcium, magnesium, and selenium. In the case 
of L-carnitine and Q10, the recommended dose was 
based on the amounts suggested in published 
articles.32 The MVM capsules were designed to have 
zero amounts of Zinc, iron, and copper and placebo 
capsules consisted of sunflower oil. 
Assessment of outcomes 

Primary outcomes: We measured disability 
using EDSS.33 The EDSS test was performed for 
each subject to obtain a physical measure of 
neurological impairment before and at the end of 
the study. The Fatigue Severity Scale (FSS) 
measured tiredness or fatigue score.34 The 
cytokines including Interferon Gama (INF-γ), IL-17 
(interleukin), IL-4, and Tumor Necrosis Factor 
alpha (TNF-α) were performed in all patients at the 
baseline and after the 3-month intervention. The 
serum levels of cytokines were measured with 
enzyme-linked immunosorbent assay (ELISA) kits 
(Bioassay Technology Laboratory, China).  

Secondary outcomes: Demographic 
characteristics including age, sex, smoking, and 
alcohol use were documented based on self-
reported information. Moreover, measurements of 
anthropometric indices including weight, height, 
and BMI were evaluated.  

To offset any changes in energy and 
macronutrient consumption (protein, fat, and 
carbohydrate) that could alter outcomes, 
standardized 24-hour dietary recalls were recorded 
through interviews at the baseline and on the same 
day of the week following the final assessment. 
Mean daily intakes of energy and nutrients were 
calculated with computerized Nutri4 software. 

The Beck Depression Inventory (BDI) was used 
to evaluate the degree of depression.35 The FSS and 
BDI questionnaires were completed for each 
participant at the time of enrollment and at the end 

of the study. Measurements of serum levels of 
vitamin D, alanine transaminase (ALT), aspartate 
transaminase (AST), Zinc, Ferritin, and high-
sensitivity C-reactive protein (hs-CRP) were 
performed in all patients at the baseline and after 
the 3-month intervention, as follows: 

Measurement of hs-CRP in serum was performed 
with turbidimetric assay by specific ELISA kits and 
serum concentrations of ALT and AST were measured 
by enzymatic spectrophotometry using specific ELISA 
kits (Pars Azmoon, Tehran, IRAN and Autoanalyzer 
BT 1500, Medsystem, USA). Serum Zinc was 
determined by enzymatic spectrophotometry with 
specific ELISA kits (Zist Shimi, Tehran, IRAN and 
Autoanalyzer BT 1500, Medsystem, USA). Serum 25 
(OH) vitamin D and ferritin levels were estimated 
using electrochemiluminescence (ECL) and an ELISA 
kit provided by Roche Diagnostics GmbH 
(06506780160, Mannheim, Germany) by an 
automated device (Cobas e411; Roche Diagnostics 
GmbH, Mannheim, Germany).  

The data were screened for normality through 
the one-sample Kolmogorov-Smirnov (KS) test. 
Furthermore, parametric and non-parametric tests 
were applied to analyze the data with normal and 
non-normal distributions, respectively. A paired 
sample t-test was employed to compare the 
intragroup discrepancies in fatigue state and 
biochemical markers, before and after the 
intervention. An independent sample t-test was also 
used for assessing differences of the mentioned 
outcomes between groups before and after the 
intervention. All statistical analyses were performed 
using Statistical Package for Social Science (version 
18.0, SPSS Inc., Chicago, IL, USA) and P-values  
< 0.050 were considered statistically significant. 

Results 
Recruitment and baseline characteristics: 46 eligible 
patients with MS were enrolled in the study,  
23 patients to the MVM group, and 23 patients to the 
placebo group. 2 patients were excluded from the 
intervention group; 1 did not participate in the 
follow-up tests due to emigration and the other 
patient had low compliance (remaining tablets > 
10% of the total). Moreover, 3 patients in the placebo 
group withdrew from the study due to severe hair 
loss. Finally, information of 41 remaining 
participants was used for data analysis. The primary 
characteristics of participants are presented in table 
1. There was no significant difference between the 
two groups in age, sex, duration of illness, energy 
intake, and BMI (Table 1). 
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Table 1. Self-explanatory characteristics of patients 
Characteristic Groups P 

Supplementation Placebo 
Sex (female/male) [n (%)] 21 (17.4) 20 (17.3) 0.530# 
Age (mean ± SD) 35.14 ± 5.39 35.35 ± 5.73 0.910* 
Disease duration (mean ± SD) 7.10 ± 3.18 6.70 ± 3.88 0.720* 
BMI (mean ± SD) 24.49 ± 1.90 23.76 ± 1.65 0.200* 
Energy intake** (mean ± SD) 1930.29 ± 111.20 1958.85 ± 112.70 0.410* 

BMI: Body mass index; SD: Standard deviation 
*Independent sample t-test, **Kilocalorie/day, #Chi-square 

 
Blood biochemical outcomes: The serum levels 

of biochemical factors including ALT, AST, Zinc, 
vitamin D, Ferritin, and CRP in the two groups 
before and after the study are summarized in table 
2. There were no significant differences in these 
biochemical markers between the two groups, but 
there was a significant reduction in ALT (P = 0.040) 
and hs-CRP (P = 0.006) in the intervention group 
after the study. In addition, a significant decrease 
was observed in ferritin concentration in both 
groups after the study (Table 2).  

BMI and energy intake: Comparisons of BMI 
and intake calories between intervention and 
control groups before and after the study are 
summarized in Table 3. The change in BMI had a 
significant reduction in the intervention group 
compared to the placebo group. However, the 

change in calorie intake was not significantly 
different between the two groups (Table 3).  

Clinical outcomes: However, there was no 
significant difference between the groups (P = 0.090); 
the intervention group reported less fatigue 
experience after supplementation compared to before 
the supplementation (P = 0.005). Furthermore, neither 
depression (P = 0.180) nor disability rates (P = 0.110) 
were not different between the groups (Table 3). 

Serum levels of cytokines: The present findings 
showed an increase in IL4 in the intervention group 
compared to the placebo group (P = 0.030). Serum 
levels of the other cytokines did not differ between 
the groups. However, after the 3-month 
intervention, the INF-γ level in the intervention 
group decreased significantly after the intervention 
compared to before (P = 0.040) (Table 4). 

 
Table 2. Comparison of biochemical parameters between the two groups of study and between before 
and after supplementation in each group 

Biochemical parameters Time Groups¥ P* 
Supplementation Placebo

Aspartate transaminase Before 22.95 ± 8.60 21.10 ± 8.73 0.370 
After 21.29 ± 6.89 20.90 ± 8.03 0.870 

Change -1.67 ± 7.48 -0.20 ± 4.81 0.520# 
P*** 0.480 0.610  

Alanine transaminase Before 21.33 ± 13.38 21.35 ± 17.70 0.570# 
After 17.05 ± 7.66 21.95 ± 11.95 0.130 

Change -4.29 ± 9.128 0.60 ± 10.97 0.130 
P** 0.040 0.810  

Zinc Before 146.80 ± 34.65 144.48 ± 18.84 0.790 
After 134.44 ± 14.51 142.64 ± 15.55 0.090 

Change -12.36 ± 28.41 -1.84 ± 5.74 0.490# 
P*** 0.110 0.190  

Vitamin D Before 61.78 ± 26.96 53.27 ± 25.91 0.310 
After 61.78 ± 25.79 54.55 ± 25.85 0.380 

Change -0.01 ± 8.08 1.29 ± 5.14 0.550 
P** 0.990 0.270  

Ferritin Before 125.28 ± 86.57 105.75 ± 80.87 0.460 
After 94.89 ± 65.37 94.78 ± 72.76 0.980 

Change -30.40 ± 37.46 -10.96 ± 15.63 0.137# 
P*** < 0.001 0.002  

CRP Before 2.82 ± 2.27 2.80 ± 1.97 0.880 
After 2.31 ± 1.84 2.44 ± 1.86 0.690 

Change -0.51 ± 0.77 -0.37 ± 0.88 0.570 
P** 0.006 0.080  

SD: Standard deviation CRP: C-reactive protein 
¥Mean ± SD, *Independent sample t-test, **Paired sample t-test, ***Wilcoxon signed-rank test, #Mann-Whitney U test 
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Table 3. Comparison of clinical outcomes between the two groups of study and between before and 
after supplementation in each group 

Clinical outcomes Time Groups¥ P* 
Supplementation Placebo

BMI Before 24.49 ± 1.90 23.76 ± 1.65 0.200 
After 24.08 ± 1.84 23.74 ± 1.64 0.540 

Change -0.42 ± 0.48 -0.02 ± 0.24 0.002 
P** 0.001 0.620  

Calorie€ Before 1930.29 ± 111.20 1958.85 ± 112.70 0.420 
After 1937.81 ± 110.95 1939.15 ± 127.11 0.970 

Change 7.52 ± 95.93 -19.70 ± 63.21 0.290 
P** 0.720 0.180  

Fatigue Before 38.52 ± 8.01 36.20 ± 6.46 0.310 
After 35.52 ± 8.23 35.80 ± 6.72 0.910 

Change -3.00 ± 4.42 -0.40 ± 5.14 0.090 
P** 0.005 0.730  

Depression  Before 18.14 ± 3.32 17.60 ± 3.49 0.610 
After 17.48 ± 7.09 19.25 ± 5.25 0.370 

Change -0.67 ± 6.42 1.65 ± 4.08 0.180 
P** 0.640 0.090  

Disability  Before 1.33 ± 1.32 1.20 ± 1.32 0.610# 
After 1.24 ± 1.18 1.30 ± 1.38 0.930# 

Change -0.10 ± 0.30 0.10 ± 0.45 0.110# 
P*** 0.160 0.320  

BMI: Body mass index; SD: Standard deviation 

¥Mean ± SD, *Independent sample t-test, **Paired sample t-test, ***Wilcoxon signed-rank test, #Mann-Whitney 
U test; €Kilocalorie/day 

 
Discussion 
Despite the high prevalence of fatigue and its 
detrimental impact on the QOL of patients with 
MS, few studies have been conducted to address 
this issue. The effects of complementary treatment 
for fatigue improvement in patients with MS have 
remained uncertain.36,37 One strong hypothesis  

expresses that the severity of fatigue is dependent 
on the inflammation situation in patients with 
MS.38-41 In this way, supplementation with 
vitamins, minerals, and MVM could be a safe 
complementary therapeutic option that reduces 
the severity of fatigue by improving the 
inflammatory status.20,21,23 

Table 4. Comparison of Inflammatory indexes between the two groups of study and between before and 
after supplementation in each group 

Inflammatory indexes Time Groups¥ P# 
Supplementation Placebo

IL-4 Before 58.77 ± 71.05 54.31 ± 44.87 0.120 
After 84.23 ± 111.99 43.94 ± 36.87 0.970 

Change 25.46 ± 52.34 -10.37 ± 32.82 0.030 
P*** 0.090 0.110  

IL-17 Before 33.10 ± 38.50 33.57 ± 37.73 0.270 
After 32.88 ± 37.69 35.58 ± 36.42 0.220 

Change -0.22 ± 3.06 2.01 ± 6.30 0.160* 
P** 0.740 0.170  

TNF Before 336.28 ± 170.40 315.03 ± 150.12 0.710 
After 318.21 ± 164.24 312.41 ± 155.38 0.970 

Change -18.07 ± 40.93 -2.63 ± 23.42 0.150*

P** 0.060 0.620  
INF-γ Before 35.24 ± 54.48 24.28 ± 32.45 0.520 

After 25.16 ± 42.18 24.95 ± 32.33 0.880 
Change -10.08 ± 16.18 0.67 ± 3.46 0.070 

P*** 0.040 0.850  
SD: Standard deviation; IL: Interleukin; TNF: Tumor Necrosis Factor; INF-γ: Interferon Gama 
¥Mean ± SD, *Independent sample t-test, **Paired sample t-test, ***Wilcoxon signed-rank test, #Mann-Whitney U test 

 
 



Specified multivitamin and fatigue in MS 

186 Curr J Neurol, Vol. 19, No. 4 (2020) 
 

http://cjn.tums.ac.ir      06 October 

On the other hand, evidence has shown the 
adverse cumulative effects of the continuous intake 
of some minerals such as Iron, Copper, and Zinc 
through MVM supplements in patients.26-28,42-44 
Therefore, we proposed a specifically formulated 
MVM without Iron, Copper, and Zinc and aimed to 
investigate its effect on fatigue and cytokines in 
patients with MS. Finally, we showed the reductive 
trend for fatigue and inflammatory markers 
including CRP and INF-γ as well as a growing trend 
for IL-4 that is an anti-inflammatory cytokine.  

However, our findings are supported by similar 
studies that have tested common vitamin or 
mineral supplements as a complementary 
treatment for MS. For example, improvement in 
fatigue scale in patients with chronic fatigue 
syndrome (CFS) as well as level of superoxide 
dismutase activity was reported after 2 months of 
MVM supplements.45,46 Another study reported 
that short-term exposure to MVM intervention in 
older adults resulted in reduced circulating level of 
CRP and of oxidative stress.47 In addition, Johnson 
et al. found that one supplement containing 
magnesium, zinc, selenium, and vitamins B6, D, A, 
and E could reduce MS incidence.22 

Moreover, our interpretation was consistent 
with the finding of a meta-analysis in which the 
significant benefits of MVM supplementation were 
reported on fatigue.48 However, subjects inversely 
responded to MVM treatment and exhibited a 
higher inflammatory status. For instance, MVM 
supplementation led to an unexpected increased 
oxidative stress in healthy adults that is a 
contributing factor to inflammation.49,50 Studies 
reported that this discrepancy is likely through 
Fenton reaction by Iron molecules existing in  
the supplement.51 

Some studies have provided evidence in 
support of the findings of our study. In this regard, 
recent studies have shown that retinoid, derived 
from vitamin A, has been shown to slow down MS 
progression for even the progressive phase of the 
disease.52 Retinoid directly promotes the  
pro-inflammatory/anti-inflammatory balance and 
is associated with transcription of major anti-
inflammatory mediators, followed by decreased 
Th1 and Th17 proliferation.52,53 Furthermore, 
vitamin A has been shown to have a synergistic 
effect with INF-β.54 

In our previous study on vitamin A, we 
provided the long term beneficial consequences on 
fatigue severity in patients with MS.16 Another  
fat-soluble vitamin, calcitriol, present in our 

supplement has the same performance on the 
immune system as vitamin A.55 There has been 
report of a reduced fatigue state after treatment 
with a single dose of vitamin D in healthy people.55 
It is thought that imbalances in the dopamine level 
in the CNS may motivate fatigue centers in the 
brain and vitamin D is able to modify this 
imbalance.54 Further mechanisms for the 
involvement of vitamin D in reducing fatigue rate 
come from its ability in stimulating the production 
of the serotonin in the brain,56 which has been 
shown to be inversely related to tiredness.57 
Moreover, the oral administration of calcium with 
or without vitamin D acts through various 
mechanisms, such as reducing inflammatory 
marker levels (TNF-α, IL-6), through which 
regulates the immune system.58,59 As such, the role 
that calcium may have on fatigue by reducing 
these inflammatory markers could present insight 
into the benefit of its supplementation in MS.  

The rationale for using antioxidants in our 
MVM is based on the knowledge that oxidative 
stress is one of the most critical components of the 
MS disease.60 Unrestricted reactive oxygen species 
(ROS) production under chronic inflammatory 
conditions in MS is responsible for depleting the 
body’s antioxidant reserves, including vitamins C 
and E and selenium.61 

In this regard, studies showed the protective 
role of vitamins E and C and selenium in maintaining 
blood concentrations of glutathione peroxidase and 
decreasing prostaglandin E2 secretion from 
macrophages in patients with MS.62-64 B vitamins, 
including B1, B2, B3, B5, B6, and B12 have been 
shown to play inter-related functions in reducing 
fatigue severity after physical activity in people 
living in hot climates.65 Some observational studies 
have also reported that fatigue in patients with  
MS may be associated with mild intracellular 
vitamin B1 deficiency and subsequent impairment 
of thiamine-dependent cell reactions.66 Another 
example of fatigue reducing properties of B 
vitamins is the role of vitamin B12 in synthesizing 
and maintaining myelin in patients with MS.67 
Furthermore, a significant relationship between 
folic acid deficiency and increased fatigue has been 
observed in these patients.68 

Vitamin B6 and magnesium have a related role 
in regulating nitric oxide (NO) concentration 
within vascular endothelial cells and act as 
coenzymes in regulating intracellular NO 
production and the secretion of NO from cells. 
Therefore, deficiency of vitamin B6 or magnesium 
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leads to NO entrapment inside cells and its 
subsequent reaction with superoxide which 
produces nitrogen peroxide, leading to its 
accumulation and many adverse cellular 
consequences including myelin destruction.22 

Magnesium homeostasis is physiologically 
linked to other minerals such as zinc, calcium, and 
aluminum that maintaining their concentration 
within optimal ranges is crucial for the desired 
function of both the immune system and CNS.69 
Adjunctive supplemented carnitine as well as 
ubiquinone (Q10) with vitamins and minerals  
may have benefits in reducing fatigue in patients  
with MS.70,71 

Theoretically, the effect of carnitine is because 
of its role in energy production in mammalian cells 
and high excretion of this molecule has been 
observed in this disease because of stable 
inflammatory state.  

In terms of Q10, the results of a study showed 
the anti-oxidative feature of this component in 
subjects with MS followed by reduced 
inflammation in these patients.72,73 

A significant difference was seen between 
groups in BMI. However, malnutrition often occurs 
in patients with MS, so reduced BMI may not be 
desirable in patients with MS with normal weight.74 
The probable reason for this finding could be the 
effect of carnitine presence in the supplement, 
because of its decreasing effect on weight and BMI 
that has been proven in various studies.75 

Furthermore, the remarkable reduction of 
ferritin levels was observed in both groups in our 
study. This could be attributed to the lack of Iron 
in the supplement used in this study in 
intervention group. Additionally, it was because of 
our inclusion criteria to cut the supplementation 

during 3 months before study in the placebo 
group. Liver enzymes were not affected in the 
present study. This outcome could be the desired 
result due to the oxidative characteristics of Iron. 

The main strength of our study was being a 
triple-blind and randomized clinical trial study 
with a novel MVM formulation. Besides, the 
confounding effects of depression and disability on 
fatigue were measured and controlled. There were 
some limitations in the study: because of the 
restrictive inclusion criteria, we could not achieve 
enough sample size in the time specified for the 
study. One of the limitations was unwanted hair 
loss in the placebo group that was speculated to be 
a result of their previous supplementation 
discontinuation before the study initiation. On the 
other hand, more trials with larger sample sizes 
and longer supplementation periods are 
recommended to provide more certain results. 

Conclusion 
The present study indicated that the specially 
formulated MVM for patients with MS could 
probably improve fatigue and inflammatory state. 
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