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  Abstract:  Background: Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous 
system. Ribofl avin is involved in myelin formation in nerve cells. Ribofl avin is a precursor of fl avin 
adenine D-nucleotide (FAD), which is a coenzyme of methylene tetrahydrofolate reductase (MTHFR), 
which is an important enzyme for remethylation of homocysteine. Ribofl avin supplementation has 
been shown to affect the serum levels of homocysteine in healthy volunteers. The aim of the present 
study was to test the effect of ribofl avin supplementation on the status and disability of patients with 
MS and whether this effect could be mediated by serum homocysteine     levels. Materials and Methods: 
This was a randomized, double-blind, controlled trial in which 29 MS patients with a mean age of 33 
were tested with ribofl avin, and the placebo group, with a mean age of 31, received either ribofl avin 
supplementation (10 mg) or the placebo daily for six months. Disability, measured by the Expanded 
Disability Status Scale (EDSS) scores, erythrocyte glutathione reductase activity coeffi cient (EGRAC), 
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 Introduction 

 Multiple sclerosis (MS) is a disorder characterized 
by a chronic demyelination and inflammation of the 
central nervous system [1]. MS is the most common 
non-traumatic cause of disability in the world [2]. It 
is estimated that more than 2.5 million people have 
MS worldwide, with approximately 25,000 people li-
ving with MS in Iran [2]. Progression in disability as 
measured by an increase in the Expanded Disability 
Status Scale (EDSS) is a frequently used outcome 
variable in clinical trials concerning MS. The EDSS 
has a possible range from 0, indicating no disability 
and normal neurological examination, to 10, referring 
to death due to MS [3]. One of the most signifi cant 
current treatments of MS is pharmaceutical interven-
tion. First-line, immune-modulating drugs such as beta 
interferon and glatiramer acetate, reduce relapse rates 
by about 30 % and can help preserve cognition. How-
ever, major problems with pharmaceutical interven-
tion are the short- and long-term side effects of such 
drugs and whether they make a real difference to the 
progression of the illness [4].  

 Ribofl avin is a water-soluble vitamin and is need-
ed in the human diet [5]. Ribofl avin acts as an anti-
oxidant in the regulating processes of the nervous 
system. Also, this vitamin is involved in the metabo-
lism of essential fatty acids in brain lipids, which 
play an important role in brain function. Studies in 
animals and humans have shown that ribofl avin plays 
an important role in formation of myelin in both 
the central and periphe-ral nervous systems [6 – 9]. 
In a study designed for the evaluation of the asso-
ciation between nutritional factors and MS among 
incident cases and frequency matched controls, a 
signifi cant protective effect was observed with ribo-
fl avin [7]. Myelin lipids, cerebrosides, sphingomyelin, 
and phosphatidylethanol amine (an important com-
ponent of the myelin membrane) are signifi cantly 
reduced in ribofl avin defi ciency. Thus, the effects 

of ribofl avin defi ciency are similar to fatty acid de-
fi ciency, causing rapid disruption of brain develop-
ment and maturation [6]. 

 Homocysteine is a vitamin B metabolite. This bio-
marker has been proposed to play several roles in MS 
pathogenesis [10]. Studies have shown that the plasma 
levels of ribofl avin infl uence the plasma levels of ho-
mocysteine in alcohol-dependent patients and that 
the infl uence did not depend on its interaction with 
folate [11]. Also, ribofl avin supplementation affected 
the serum levels of homocysteine in healthy volunteers 
[12, 13]. Dietary ribofl avin supplementation during 
pregnancy has been shown to have an effect on the 
woman’s homocysteine levels [14]. 

 Ribofl avin is a precursor of various fl avin coen-
zymes, in particular fl avin adenine D-nucleotide 
(FAD), which is a coenzyme of methylene tetrahydro-
folate reductase (MTHFR). When FAD is substituted 
for MTHFR, it catalyzes 5, 10-methylenetetrafolate 
to 5-methylenetetrafolate, which acts as a donor of 
methyl groups for the remethylation of homocysteine 
[11].  

 To date, the research has tended to focus on pro-
spective trials to determine whether the treatment 
with supplements and correcting the biomarker levels 
in the early stage of the disease can change the course 
of the disease [10]. The aims of this study were to 
evaluate the ribofl avin status of MS patients, evaluate 
the effect of supplementation on the ribofl avin status 
and the disability of patients with MS, and determine 
whether this effect could be mediated by serum ho-
mocysteine     levels. Most studies related to the associa-
tion between ribofl avin and MS have focused only 
on the effects of ribofl avin defi ciency on the models 
of demyelinating neuropathy in animal studies [6, 8, 
9] or the association between nutritional factors and 
MS in clinical patients [7]. However, no research has 
been found that surveyed the ribofl avin status and 
the effect of ribofl avin supplementation on disability 
in MS patients. 

and serum homocysteine levels were measured before and after the study. Results: The mean ± SD of 
EDSS score was signifi cantly decreased in both groups over the six months of the study (2.3 ± 0.7 vs. 
1.6 ± 0.6 for the ribofl avin group and 2.8 ± 1.1 vs. 2.3 ± 1.3 for the placebo groups. The comparison across 
both groups yielded a non-signifi cant change (P = 0.001 and 0.02, respectively). No signifi cant differences 
were observed between the two groups in terms of EGRAC, ribofl avin defi ciency levels by EGRAC 
category, and serum homocysteine     levels before and after the study. Conclusion: Ribofl avin supple-
mentation (10 mg/day) to patients with MS does not improve disability status. It appears that this effect 
is not related to serum homocysteine levels. 

  Key words:  ribofl avin; multiple sclerosis; EDSS; homocysteine  
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 Subjects and Methods  

 Population, sampling and research design 

 This study was a randomized, double-blind controlled 
trial. Participants were MS patients under treatment 
at an outpatient clinic at Golestan Hospital at Ahvaz 
Jundishapur University of Medical Sciences (AJUMS) 
in Ahvaz, Iran, between September 2010 and May 
2012. Inclusion criteria were: agreement to participate   
in the study, age 18 – 50 years, defi nitive diagnosis of 
MS using the McDonald criteria [15] based on his-
tory, physical examination, and laboratory tests, having 
relapsing-remitting MS (RRMS) or secondary pro-
gressive MS (SPMS), and EDSS ≤ 4 while exhibiting 
no disability, minimal signs in one functional system, 
or being fully ambulatory without aid. Exclusion cri-
teria were: other types of MS [primary progressive 
multiple sclerosis (PPMS) and benign multiple scle-
rosis (BMS)], pregnancy, signifi cant health conditions 
(e.g., coronary heart disease, uncontrolled diabetes 
mellitus, and liver disease), receiving other vitamins, 
participation in other clinical trials simultaneously, 
and having an EDSS score > 4 while being ambula-
tory without aid, needing to rest after walking about 
200 meters, or experiencing impairment of daily ac-
tivities.  

 The study protocol was approved by the Medical 
Ethics Committee of AJUMS. The potentially eligible 
patients were defi ned by a neurologist, and they were 
invited to participate in this randomized, double-blind 
placebo-controlled trial. 

 Since available data on the effect of ribofl avin 
supplementation on the development of MS were 
not suffi cient for an exact statistical calculation of 
the appropriate sample size, the study was planned 
as a pilot study to recruit 30 patients for each study 
arm, i.e. a total of 60 patients. Fifty-four patients who 
met the inclusion criteria were included in the study. 
Eleven patients in the placebo (control) and 14 in the 
ribofl avin groups (treatment) were lost to follow-up. 
Finally, 18 patients in the placebo and 11 patients in 
the ribofl avin group completed the study (Figure 1). 
We used G*Power software (version 3.1.9) to calculate 
the study’s power, and found it to be > 80 % (α = 0.05) 
to detect a difference in mean EDSS scores between 
groups. 

 All participants provided informed consent before 
entering the study. The participants were assigned 
randomly to ribofl avin supplementation (treatment) 
or placebo (control) groups. The participants were 
allowed to continue their MS disease-modifying 
therapies. The duration of the study was six months 

of ribofl avin supplementation [16] followed by a 
three-month “washout” period. The safety of the in-
tervention was assessed monthly by a neurologist by 
recording adverse event reports and evaluating the 
patient's general condition. Participants in the ribo-
fl avin group received ribofl avin capsules (10 mg/day) 
[17], and those in the placebo group received placebo 
capsules containing lactose; all participants took one 
capsule per day. Both capsules were prepared by the 
Pharmacy School of AJUMS. The dose that was used 
in this study is safe for the general population. But, 
due to a lack of suitable data, ULs (Tolerable Upper 
Intake Levels, the highest level of daily nutrient intake 
that is not likely to pose any risk of adverse health 
effects to almost all individuals in the general popu-
lation) have not been established for ribofl avin. The 
dietary reference intake (DRI) for ribofl avin, which 
includes recommended dietary allowances (RDAs) 
and adequate intakes (Als), is 1.7 mg/day [5]. 

 Fasting blood samples were collected at baseline 
and after the six-month study period to measure the 
nutritional status of ribofl avin, homocysteine serum 
levels, and blood type to control as a possible con-
founder [18].

Figure 1: Flowchart of study design and subjects’ participa-
tion throughout the study.  
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  Blinding 

 The patients and the study’s staff remained blinded to 
which patients were receiving ribofl avin or the placebo 
throughout the entire treatment period of six months. 
Substantial efforts were made to maintain blinding, i.e. 
similar packages containing colored, opaque capsules 
were used for both the supplement and the placebo. 
All packages (including the placebo and the supple-
ment) were labeled with a ready explanation on how 
to use the capsule (on an empty stomach), what to do 
if the patient forgot to take the capsule, and possible 
complications. For the double-blind method, a third 
person (an MS Society interface who knew about the 
allocations) fi lled the packets of the capsules (for one 
month’s use), coded the capsule packets, and delivered 
them to the patients monthly. Patients were visited by 
the research physician for any adverse events, relapses, 
or side effects. All of the neurological examinations 
were performed by the same neurologist. 

 Primary outcome variables  

 The primary outcome measures were nutritional sta-
tus of ribofl avin and serum levels of homocysteine. 
Fasting blood samples were collected in potassium 
EDTA–containing tubes for ribofl avin assessment 
or into tubes with no anticoagulants added for se-
rum homocysteine concentration tests. Ribofl avin 
status was assessed as the Erythrocyte Glutathione 
Reductase Activity Coeffi cient (EGRAC) using the 
Goldberg and Spooner method [19] by spectrom-
etry set to 340 nm [20] (Glutathione Reductase kit; 
Randox, Britain). The cut-off points for determining 
ribofl avin status were an EGRAC < 1.20 for normal 
ribofl avin status (low risk), 1.20 ≤ EGRAC < 1.40 for 
marginally-defi cient ribofl avin status (medium risk), 
and EGRAC ≥ 1.40 for ribofl avin defi ciency [21].  

 The serum homocysteine concentration was assessed 
by the Axis® homocysteine enzyme immunoassay 
(EIA) method [22]. According to the interpretation 
of the serum homocysteine level results, patients were 
categorized as normohomocysteinemic with a fasting 
homocysteine < 35 μmol/liter and hyperhomocystein-
emic with  a fasting homocysteine ≥ 35 μmol/liter [23]. 

 Secondary outcome variables  

 Disability was assessed by a neurologist at baseline 
and at the end of the study (after six months) as a 
secondary outcome measure, based on an ordinal scale 

ranging from 0 (normal) to 10.0 (dead). Patients were 
classifi ed into three classes of disability based on the 
EDSS scores: 1) scores of 0.5 – 4.0 indicated mild im-
pairment, and the patients were able to walk at least 
500 meters without aid or rest; scores of 4.5 – 7.0 indi-
cated increasing limitations in their ability to walk; and 
scores ≥ 7.5 indicated that the patients could not walk 
and had dysfunctions of their upper extremities [24].  

Table I: Baseline demographic and clinical data of patients 
in both groups

P value§Placebo
(n = 18)

Ribofl avin 
(n = 11)

Characteristic

0.3
Sex*

8 (44.4)3 (27.3)Male

0.210.6 ± 30.68.7 ± 33.0Age, y, mean (SD)†

0.7
Marital status*

(62.5) 10(60)6Married

0.2

Education, n (%)*

1 (7.1)1 (12.5)Primary

7 (50)1 (912.5)Secondary

3 (21.4)(37.5) 3High school

(21.4) 3(37.5) 3Diploma and higher

0.11.4 ± 12.61.6 ± 12.6Serum Hemoglobin †

0.2

Blood groups*

5 (27.8)5 (45.5)O +

6 (33.3)0 (0)A +

5 (27.8)4 (36.4)B +

0 (0)1 (9.1)AB +

2 (11.1)1 (9.1)O –

0.22.8 ± 1.12.3 ± 0.7EDSS †

0.41.2 ± 0.60.3 ± 1.1EGRAC †

EGRAC category *

0.417 (100)10 (90.9)Low risk (< 1.2)

0 (0)0 (0)Medium risk
(1.2 – 1.4)

0 (0)1 (9.1)Defi ciency (> 1.4)

0.921.6 ± 7.421.5 ± 6.6Serum homocysteine 
levels (μmol/l) †

0.213 (72.2)10 (90)Hyperhomocysteine-
mic*

5 (27.8)1 (9.1)Normohomocystei-
nemic*

* The results are expressed as number (percentage). The 
chi-square test was used to analyze data. † Results are 
 expressed as mean ± SD. The independent sample T-test 
was used for analysis. § No signifi cant differences were ob-
served in terms of study variables between the two groups 
at baseline.
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 Analysis 

 Descriptive statistics were presented as mean ± SD 
for quantitative variables and as numbers (percent-
ages) for qualitative variables. We examined the 
normality of the data by the Kolmogorov-Smirnov 
test. All data were normally distributed. In order to 
assess between-group variations in the ribofl avin and 
placebo groups, various tests were conducted, includ-
ing the independent sample  t -test (to assess quan-
titative demographic variables and the differences 
in mean percent change in EDSS between groups 
at the end of six months), paired-samples  t -test (to 
assess EDSS scores, EGRAC, and serum levels of 
homocysteine at baseline and at the six-month fol-
low-up), chi-squared test (to compare the qualitative 
demographic variables, ribofl avin effi ciency rating 
by EGRAC category, and normohomocysteinemic 
and hyperhomocysteinemic patients, and a logistic 
regression test with the backward stepwise block 
method to determine and compare the odds ratios of 
normohomocysteinemia and hyperhomocysteinemia 
in the study groups after six months of supplementa-
tion. McNemar's test was conducted to determine 
the number of hyperhomocysteinemic patients who 
became normohomocysteinemic and the number of 
hyperhomocysteinemic patients who remained hy-
perhomocysteinemic after six months of supplemen-
tation. All statistical analyses were performed using 
SPSS version 21 (SPSS Inc., Chicago, IL). All tests 
were two-sided and p values < 0.05 were considered 
statistically signifi cant.  

 Results  

 Fifty-four patients who met the inclusion criteria were 
included in the study. Of these, twenty-fi ve patients 

were lost to follow-up and 29 patients completed the 
study. The reasons for the losses were self-reported by 
the patients (Figure 1).  

 Demographic and clinical characteristics of 
the patients  

 Table I provides the demographic and clinical charac-
teristics of the patients who participated in the study. 
No signifi cant differences were observed in terms of 
gender, age, marital status, education, and blood types 
between the two groups. 

 The effect of ribofl avin supplementation on 
disability  

 The mean EDSS score was decreased signifi cantly 
in the patients in both groups after six months of 
supplementation compared with baseline (p = 0.001 
for patients taking ribofl avin vs. p = 0.02 for patients 
taking the placebo). Also, the differences in mean 
percent change in EDSS between groups at the end 
of six months were examined using the independent 
sample  t -test. The mean percent change in EDSS for 
the ribofl avin group was 26.4 %, which was non-sig-
nifi cantly smaller than the 15.4 % observed for the 
placebo group (p = 0.25). This fi nding could be due to 
the limited sample size of our study (Table II).  

Table II: Participant Expanded Disability Status Scale (EDSS)  at baseline and after a six- month follow-up and the 
differences in mean percent change in EDSS between groups at the end of six months*

P valuePlacebo (n = 18)P valueRibofl avin (n = 11)Patients characteristics

After supplementationBaselineAfter supplementationBaseline

0.022.3 ± 1.32.8 ± 1.10.0011.6 ± 0.62.3 ± 0.7EDSS score* 

0.2515.4 %26.4 %Percent change 
in EDSS**

* Results are expressed as mean  ± SD. Six month changes within the ribofl avin group, paired-samples t test was conduc-
ted for outcomes. The EDSS score mean was signifi cantly decreased in the patients in both groups after six months of 
supplementation compared with baseline. ** The mean percent change in EDSS between groups at the end of six months 
supplementation. Differences have been showed using the Independent-samples t test. 
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 The effect of ribofl avin supplementation 
on EGRAC, ribofl avin defi ciency, and serum 
levels of homocysteine   

 Table III compares the erythrocyte glutathione reduc-
tase activity coeffi cient (EGRAC) to assess the nutri-
tional status of ribofl avin, ribofl avin-defi ciency rating 
measured with EGRAC category, and serum levels 
of homocysteine between the study groups before 
and after the supplementation period. No signifi cant 
differences were observed between the two groups 
of patients in terms of EGRAC, ribofl avin-defi ciency 
rating, and serum levels of homocysteine before and 
after supplementation. After supplementation, the 
mean serum levels of homocysteine decreased in both 
groups, but the decreases were not signifi cant.  

 The proportion of normo- and hyperhomo-
cysteinemic subjects after ribofl avin supple-
mentation 

 Table IV compares the proportion of normohomocys-
teinemic and hyperhomocysteinemic subjects between 
the ribofl avin and placebo groups and the odds ratios 
at baseline and after six months of supplementation. 

 Change in the prevalence of hyperhomocysteine-
mia at the six-month follow-up was also analyzed by 
McNemar’s test. Five hyperhomocysteinemic patients 
in the ribofl avin group and fi ve in the placebo group 
were normohomocysteinemic after six months of 

Table III: The Comparison of Erythrocyte Glutathione Reductase Activity Coeffi cient (EGRAC), ribofl avin defi ciency ra-
ting assessed using EGRAC, and serum homocysteine   levels between the two study groups before and after six months 
of supplementation

P value§ Placebo (18 = n)Ribofl avin (n = 11)Variables

After supplementationBaselineAfter supplementationBaseline

0.9 0.8 ± 1.11.2 ± 0.60.2 ± 1.20.3 ± 1.1† EGRAC

EGRAC category *

15 (83.3)17 (100)11 (100)10 (90.9)Low risk (< 1.2)

0.72 (11.1)0 (0)0 (0)0 (0)Medium risk (1.2 – 1.4)

1 (5.6)0 (0)0 (0)1 (9.1)Defi ciency (> 1.4)

0.0716.5 ± 7.621.6 ± 7.416.7 ± 3.621.5 ± 6.6Serum homocysteine 
levels (μmol/l) †

* The results are presented as number (percentage). A chi - square test was conducted for data analysis. † Results are pre-
sented as mean ± SD. A paired T-test was conducted for data analysis. § No signifi cant difference was observed between 
the two groups of patients in terms of EGRAC, ribofl avin effi ciency rating, and serum homocysteine   levels before and 
after supplementation. After supplementation, the mean of serum homocysteine   levels decreased in both groups. But it 
was not statistically signifi cant.

supplementation. Also, fi ve hyperhomocysteinemic 
patients in the ribofl avin group and eight in the pla-
cebo group remained hyperhomocysteinemic after 
six months of supplementation. There were no signi-
fi cant differences between the two groups in terms 
of the proportion of the normohomocysteinemic and 
hyperhomocysteinemic subjects, and there was no dif-
ference in odds ratios for the hyperhomocysteinemia 
at baseline and after six months of supplementation.  

 Discussion 

 Several studies have been conducted on the effects of 
dietary interventions on MS patients [7, 16, 25] and on 
animal models of MS [26]. Mastronardi  et al.  showed 
that experimental autoimmune encephalomyelitis 
(EAE), an animal model of MS, improved with vitamin 
B12 supplementation [26]. However, the role of homo-
cysteine     in MS has not yet been well established [27].  

 To the best of our knowledge, this is the fi rst study 
that has assessed the effect of ribofl avin on disability 
in MS patients. This study addressed the issue of the 
effect of ribofl avin supplementation on disability in 
MS patients and investigated whether this effect is 
related to homocysteine levels in the patients’ blood. 
It was concluded that, although supplementation 
with ribofl avin (10 mg/day) for six months reduced 
the EDSS score signifi cantly in patients with MS, this 
reduction also occurred in the placebo group, and it 
was independent of serum homocysteine     levels. The 
percent decrease in EDSS for the ribofl avin group 
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was non-signifi cantly greater than that of the placebo 
group. Several studies have shown that higher intake 
of ribofl avin is negatively correlated with the risk of 
MS [7, 16, 28]. A Russian study showed a signifi cant 
reduction in the neurogenic symptoms assessed with 
EDSS in the group that received cytofl avin, a drug that 
contains 2 mg of ribofl avin as ribofl avin mononucleo-
tide (FMN), whereas such a reduction did not occur in 
the control group. The researchers concluded that the 
observed reduction in EDSS and improved cognitive 
function resulted from the decrease in the lipid per-
oxidation levels and content of myelin basic protein 
antibody [16]. Another study showed the protective 
effects of cytofl avin in terms of the normalization of 
energy metabolism, reduction of lipid peroxidation, 
and the reactivation of antioxidant systems in the spi-
nal cords of rats with dense injury at the level of T-10 
and T-11 [28].  

 We also measured the EGRAC to evaluate the nu-
tritional status of ribofl avin in patients with MS and 
its association with the disability measured by EDSS. 
The results showed no signifi cant differences between 
the two groups in terms of EGRAC and ribofl avin-
defi ciency rating evaluated with the EGRAC category 
before and after supplementation. Based on a litera-
ture review, no study has assessed the nutritional status 
of ribofl avin in patients with MS; therefore, it is not 
possible to compare these fi ndings with the results of 
similar studies. 

 This study evaluated the plasma levels of homo-
cysteine in patients with MS and their relationship 
with the clinical disability of these patients. The results 

showed that, at baseline, the mean level of homocys-
teine of both groups, i.e. 21.5 μmol/L, decreased in 
both groups after supplementation for six months, but 
the decreases were not statistically signifi cant. Also, 
72.2 % of the patients who received the placebo and 
90 % of the patients who received ribofl avin supple-
ments were hyperhomocysteinemic at baseline, but 
those percentages were reduced to 47.1 % and 62.5 %, 
respectively, after six months of supplementation. Al-
though the rate of decrease was slightly higher in the 
ribofl avin group than in the placebo group, this dif-
ference was not statistically signifi cant. McNemar’s 
test was used to determine the number of hyperho-
mocysteinemic patients who did not respond to the 
six-month treatment with supplementation, i.e. they 
remained hyperhomocysteinemic. The results showed 
that the number of patients who remained hyper-
homocysteinemic after six months of follow-up was 
greater in the placebo than in the ribofl avin group 
(8 vs. 5, respectively). However, the mean of homo-
cysteine     levels at baseline (21.5 μmol/L) in this study 
was signifi cantly greater than the results of a recent 
study [27]. A meta-analysis to assess the association 
between homocysteine serum levels, folate, vitamin 
A, and vitamin B12 in patients with MS showed that 
they have elevated homocysteine     levels and low levels 
of vitamin B12 [29]. 

 A similar study to assess the plasma levels of ho-
mocysteine in patients with MS showed a signifi cant 
increase compared to controls in the absence of sig-
nifi cant differences in the serum levels of folate and 
vitamin B12 [10].  

P value§(18 = n) Placebo Ribofl avin (n = 11)Characteristics

After
supplementation

BaselineAfter
supplementation

Baseline

0.18 (47.1)13 (72.2)5 (62.5)10 (90)Hyperhomocysteinemic†

9 (52.9) 5 (27.8)3 (37.5)1 (9.1)Normohomocysteinemic†

0.60.53 (0.1 – 3)1.6 (0.3 – 1.6)16 (0.5 – 73.4)Odds ratio
(95% confi dence interval)

55Number of responsesα1

85Number of not responsesα2

* The Chi-square test was used for statistical analysis. ** Logistic regression test with the backward stepwise block me-
thod was used for statistical analysis. † The results are presented as a number (percentage). α1 is the number of hyper-
homocysteinemic patients who were normohomocysteinemic after 6 months of supplementation. α2 is the number of 
hyperhomocysteinemic patients who remained hyperhomocysteinemic after six months of supplementation was conduc-
ted to analyze the data. Number less than the total number is because of the missing data. § There were not signifi cantly 
different between the two groups in terms of the proportion of the normohomocysteinemic and hyperhomocysteinemic 
subjects and odds ratio at baseline and after six months of the supplementation.

Table IV: The comparison of the normohomocysteinemic and hyperhomocysteinemia* and Odds ratios** between the 
study groups after six months of supplementation
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 Elevated homocysteine     levels can cause several 
neurotoxic activities and cardiovascular dysfunction 
that may be involved in the pathogenesis and progres-
sion of MS [27, 30].  

 The results of this study indicated that, although the 
daily ribofl avin supplementation with a dose of 10 mg 
of ribofl avin for six months could signifi cantly reduce 
the EDSS score in MS patients, it seems the mecha-
nism of ribofl avin in disability improvement of these 
patients is independent of serum homocysteine    . Since 
a previous study in Russia indicated that the reduction 
of lipid peroxidation levels and the content of myelin 
basic protein antibody may be the cause of cytofl avin’s 
inducing improvement in MS patients’ disability, it 
is necessary in future studies to determine the exact 
mechanism of ribofl avin’s effect on the improvement 
of disability in patients with MS by evaluating the im-
munity indices and measuring the levels of anti-myelin 
antibodies involved in the pathogenesis of MS [31], 
and their association with the ribofl avin status and 
supplementation.  

 The patients were allowed to leave the study at 
any time they wished, and the dropout rate of this 
study was high (56 % withdrew from the ribofl avin 
group and 38 % withdrew from the control group). 
The dose used in this study was safe [5], and the high 
drop-out rate may have been due to the absence of 
an established UL for ribofl avin. The reasons we have 
indicated for the high drop-out rates were obtained 
from self-reporting of the patients who withdrew. The 
patients may have attributed their common side ef-
fects of disease, such as diffi culty with urination and 
sleep disturbance, to the wrong intervention, thus they 
tended to withdraw from the study. 

 The power of this study was that we reported the 
probable effect of ribofl avin supplementation on 
disability improvement of patients with MS for the 
fi rst time. Also, we assessed the nutritional status of 
ribofl avin in this disease. The limitation of our study 
was that the clinical implications of our fi nding are 
not entirely clear, since MS patients have shown 
elevated serum homocysteine levels in previous 
studies [10]. 

 Also, we could not fi nd any association between 
serum levels of homocysteine and the disability index 
measured in this study (EDSS) in the subgroup of 
patients with MS. In addition, since the patients in 
both groups (ribofl avin and placebo groups) showed 
a decrease in the mean EDSS score at the six-month 
follow-up, it is currently unknown whether ribofl avin 
supplementation treatment is the optimal way to treat 
this subgroup of patients with MS, however these re-
sults can provide a basis for future studies.  

 Conclusion 

 It was concluded that supplementation with ribofl avin 
(10 mg/day) for six months reduced non-signifi cantly 
the EDSS mean by 26.4 % vs. 15.4 % for MS patients 
taking the placebo, and that this difference was not 
associated with the serum levels of homocysteine. 
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