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The aim of this study is to investigate the potential neuroprotective effect of high-doses vitamins 
B1, B6 and B12 in patients with relapsing-remitting multiple sclerosis (RRMS) and persistent visual 
loss after acute optic neuritis (AON). Sixteen patients (20 eyes) diagnosed with RRMS and visual 
permanent disability following AON were enrolled for the present open, pilot study. Each patient was 
treated with oral high-doses 300 mg of vitamin B1, 450 mg of vitamin B6 and 1,500 mcg of vitamin 
B12, as add-on treatment to concomitant disease-modifying therapies (DMTs) for consecutive 90 days. 
Outcome measures were to determine changes from baseline to month three in visual acuity (VA) 
and visual field (VF) testing, with correlations with clinical parameters. Logistical regression was 
performed to evaluate predictors of final VA. A statistically significant improvement was registered in 
visual acuity (p = 0.002) and foveal sensitivity threshold (FT) (p = 0.006) at follow-up compared to 
baseline. A similar trend was demonstrated for mean deviation (MD) (p < 0.0001), and pattern standard 
deviation (PSD) (p < 0.0001). Age at the time of inclusion was positively correlated with latency 
time (rho = 0.47, p = 0.03), while showing a negative correlation with visual acuity (rho = – 0.45, p = 
0.04) and foveal sensitivity threshold (rho = – 0.6, p = 0.005) at follow up. A statistically significant 
correlation was demonstrated between foveal sensitivity threshold and visual acuity at baseline (rho 
= 0.79, p < 0.0001). In a linear regression model, the main predictor of visual acuity at follow up was 
the foveal sensitivity threshold (B = 1.39; p < 0.0001). Supplemental high-dose vitamins B1, B6 and 
B12 resulted as effective therapy to improve visual function parameters in MS-related visual persistent 
disability.

1. Introduction

M u l t i p l e  s c l e r o s i s  ( M S )  i s  a n  a u t o i m m u n e 
neurodegenerative disorder associated with chronic 
inflammation of the central nervous systems (CNS), 
resulting in characteristic demyelination and axonal 
damage. With an increased incidence between 20 and 40 
years, it represents the most common acquired disabling 
neurological disease in young adults, and females 
appear to be more frequently diagnosed than males 
by 2-3:1 ratio. MS affects approximately 2.5 million 
people worldwide, with a tendency of prevalence data 
to considerably differ from one country to another, and 
registered highest percentages in North America (140 per 
100.000) and Europe (108 per 100.000) (1-3). Although 
the etiopathogenesis is still unclear, genetic profiles 
predominantly involving immune response genes 
(HLA-DRB1, HLA-DPB1, HLA-A TNF genes), as well 
as inflammatory and environmental factors including 

Epstein-Barr virus infection, tobacco exposure, vitamin 
deficiencies and high saturated fat/carbohydrate diet are 
currently recognized among the most relevant causative 
agents (4-9).
 The main efforts in MS therapy are primarily 
directed at developing immunomodulatory and 
immunosuppressive agents for reducing the frequency of 
new episodes, however, the persistence of symptoms in 
most patients, drugs side effects and limited long-term 
efficacy emphasized the relevance for complementary 
treatments.
 The B vitamins are known to effectively modulate 
the repair and maintenance of lipids, including myelin, 
and to protect against axonal hypoxia through enhanced 
ATP production. Of note, their deficiency appear to 
have detrimental effects in terms of occurrence and 
progression of multiple sclerosis (10-14). In recent 
years, B vitamins supplementation has attracted growing 
interest as far as incidence, progression and potential 
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reversal in MS, demonstrating improved neurological 
conditions even in absence of documented deficiency 
(15-23). To date, limited clinical studies included 
sensitive measures of visual function to evaluate 
vitamin B efficacy at restoring neurological damage 
in patients with MS (21-23). High-dose vitamin B12 
effectively improved visual evoked potentials (VEP) as 
evaluated in 6 patients with chronic progressive MS on 
concomitant disease modifying therapies (DMTs) (21). 
Unlike favorable preliminary results, no significant 
improvement in visual acuity was indeed observed in a 
recent randomized controlled trial on high-dose biotin 
in patients suffering from progressive MS-related visual 
disability on DMTs (22,23). Thus, the re-myelinating 
effects of B vitamins are somewhat promising for 
irreversible optic nerve damage in MS, but currently 
lack of sufficient insight and decisive results.
 Moreover, in spite of the reported neurologic 
synergistic effects of B1 (thiamine), B6 (pyridoxine), 
and B12 (cyanocobalamin) (24-27), there is no available 
data on their concomitant use in MS. Furthermore, 
there is no literature evaluating visual function in 
relapsing-remitting MS type (RRMS) on B vitamins 
supplementation.
 The present study was designed to investigate the 
efficacy of three months-treatment with high-dose 
vitamins B1, B6, and B12 in combination, as adjunctive 
to immunomodulatory therapy in eligible patients 
diagnosed with RRMS, to improve visual function 
parameters in persistent visual loss following acute 
optic neuritis (AON).

2. Materials and Methods

A pilot study was carried out on 16 consecutive patients 
(20 eyes) (13 F/3 M), mean age 36.31 years ± 7.34 
standard deviation (SD), with a diagnosis of relapsing-
remitting (RR) MS according to the 2017 revised 
McDonald criteria, and presenting with a history of 
one or more previous episodes of AON and persistent 
impairment in visual symptoms and visual field testing 
(28). Patients were enrolled from May 2019 to October 
2019 at the University of Rome 'Sapienza', Umberto I 
Hospital, Italy.
 Patients were all stable on disease modifying 
therapies (interferon-β-1b, glatiramer acetate, fumarate, 
and teriflunomide) at the time of inclusion, and in 
course medications were allowed throughout the study.
 Exclusion criteria were: (1) previous diagnosis 
of glaucoma and any other optic neuropathy; (2) 
poor reliability indices of visual field tests (scores 
exceeding 20% of fixation losses or false negative/false 
positive errors); (3) any other previous or coexisting 
ocular condition that could interfere with functional 
outcomes including i.e. media opacities, amblyopia, 
uveitis, congenital ocular malformations, retinal and 
macular diseases, refractive defects greater than ±6 D 

(spherical equivalent); (4) patients who had undergone 
intraocular surgery, other than cataract surgery, more 
than the preceding 6 months; (5) bilateral VA ≤ 1/20; 
(6) relapse (among which acute optic neuritis) occurred 
less than 6 months before inclusion; (7) unstable VA in 
the 6 months prior to inclusion; (8) treatment for MS 
introduced < 3 months prior to inclusion.
 Each  pa t ien t  underwent  a  comprehens ive 
ophthalmological examination at baseline and at 
scheduled 3-months follow-up time, including clinical 
history, measurement of the best-corrected visual acuity 
by using the standardized, 70-letter Early Treatment 
Diabetic Retinopathy Study chart (Chart 'R', Precision 
Vision, La Salle, IL, USA) at 4 m distance, evaluation of 
intraocular pressure by using the Goldmann applanation 
tonometry, slit-lamp biomicroscopy, mydriatic indirect 
fundus biomicroscopy, and automated perimetry with 
the Humphrey Field Analyzer (Carl Zeiss Meditec, 
Dublin, CA, USA) and Swedish Interactive Threshold 
Algorithms standard strategy (program 30-2). The 
parameters evaluated on visual field testing were 
mean deviation (MD, dB), pattern standard deviation 
(PSD, dB) and foveal sensitivity threshold (FS, dB). 
Two consecutive visual field tests were carried out 
for each patient, and only the second was considered 
for the aim of the present study. The examination of 
patients, along with the interpretation of instrumental 
results, was performed by two independent experienced 
ophthalmologists. Acquisition of instrumental data was 
conducted by certified optometrists. The time elapsing 
between the last episode of acute optic neuritis to the 
time of inclusion was calculated for each patient and 
expressed as 'latency time'.
 All patients were treated with oral high-doses 
of 300 mg vitamin B1 (thiamine), 450 mg vitamin 
B6 (pyr idoxine)  and  1500 mcg v i tamin  B12 
(cyanocobalamin) administered as three capsules daily 
for 90 consecutive days. Employed dosages appear as 
safe for short-term periods as per current knowledge 
(29-31). No additional drugs other than ongoing 
immunomodulatory agents and vitamin B complex were 
introduced during the period of treatment.
 The study was approved by the Ethics Committee of 
the Sapienza University of Rome. The study followed 
the tenets of the Declaration of Helsinki and all patients 
signed informed consent.

3. Results

Data were collected on a Microsoft Office Excel 
worksheet. The normality of data was assessed by 
Shapiro-Wilk test. Correlations were assessed by 
using calculation Spearman's rho. Differences between 
unpaired variables were assessed through Mann-
Whitney test, while differences between paired variables 
were performed by Wilcoxon test. A linear regression 
model to evaluate predictors of visual acuity at follow-
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Table 1. In a linear regression model, the main predictor 
of visual acuity at follow up was the foveal sensitivity 
threshold, which retained a statistically significant 
positive association (B = 1.39; CI (95%) = 0.93-1.85; p < 
0.0001). The intraobserver and interobserver agreement 
in clinical and instrumental assessment was excellent 
(Kappa = 0.92).

4. Discussion

Our results, based on clinical and automated perimetry 
data, demonstrated that daily administration of high 
doses vitamin B1 (thiamine), vitamin B6 (pyridoxine) 
and vitamin B12 (cyanocobalamin) for consecutive 
90 days significantly improved visual acuity, FT, MD 
and PSD in patients with RRMS and visual permanent 
disability following documented episodes of AON. The 
disease generally manifests itself thorough time-varying 
attacks of neurological dysfunction with sensory, motor, 
autonomic, cognitive, or neuropsychiatric symptoms, 
followed by partial or complete recovery (32,33). AON 
is an inflammatory and demyelinating disorder of the 
optic nerve that occurs in up to 50% of patients with MS, 
and distinctively presents itself as an acute monocular 
loss of vision, though it can possibly show bilateral 
simultaneous or sequential involvement (34-36).
 The pivotal field defect in AON is a widespread 
depression of sensitivity, and visual field testing 
typically reveals a central scotoma, although bitemporal 
hemianopia,  paracentral scotoma, arcuate and 
altitudinal deficits have also been reported. Vision 

up was produced. A value of p ≤ 0.05 was considered 
statistically significant. Intraobserver and interobserver 
agreement was evaluated with the K Cohen Coefficient. 
The statistical analysis was performed using Graph 
Pad vers. 8.0.2 and SPSS vers. 24 on the Windows 10 
Home edition platform. None of the enrolled patients 
experienced any serious adverse event during the 
whole follow-up period. Results from all visual field 
examinations performed on the affected eye at baseline 
were abnormal, and most consisted of central visual 
field defects, according to current literature. In detail, 
central or cecocentral-type scotomas were detected in the 
majority of patients (12 patients, 14 eyes), whereas non-
central scotomas such as paracentral and arcuate defects, 
were identified in 4 patients and 6 eyes.
 There was a statistically significant improvement 
of visual acuity (44.8 ± 11.7 vs. 50.3 ± 12.4; p = 0.002) 
and foveal sensitivity threshold (FT) (28.2 ± 7.4 vs. 
30.6 ± 6.2; p = 0.006) at follow-up (T1) if compared 
to baseline (Figures 1 and 2). Similarly, there was a 
statistical significant reduction of mean deviation (MD) 
(– 7.12 ± 4.9 vs. – 5.45 ± 4.3; p < 0.0001), and PSD 
(5.78 ± 3.5 vs. 3.88 ± 2.5; p < 0.0001) at follow-up in 
comparison to baseline (Figures 3 and 4). Age at the time 
of inclusion showed a statistically significant correlation 
with the latency time (rho = 0.47, p = 0.03), with visual 
acuity (rho = – 0.45, p = 0.04) and with foveal sensitivity 
threshold (rho = – 0.6, p = 0.005) at follow up. A positive 
correlation was demonstrated between foveal sensitivity 
threshold and VA at baseline (rho = 0.79, p < 0.0001).
 The results of the bivariate correlations are shown in 

Figure 3. Comparison between mean deviation at baseline and 
follow-up. ***p < 0.001.

Figure 4. Comparison between pattern standard deviation at 
baseline and follow-up. ***p < 0,001.

Figure 2.  Comparison between foveal threshold of enrolled 
subjects at baseline and follow-up. ***p = 0.006.

Figure 1. Comparison between visual acuity of enrolled subjects 
at baseline and follow-up. ***p = 0.002.
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loss typically extends over hours or days, and peaks 
within 1 or 2 weeks. The maximum recovery after the 
peak is usually reached within the first 3 months and 
rarely continues beyond 6 months following a relapse 
(34,35,37). Currently, MS treatment only relies on 
immunomodulatory therapeutics aimed at reducing 
the frequency of new episodes, and the introduction of 
complementary neuroprotective approaches directly 
acting on neuronal damage still remains challenging. 
In recent years, vitamins and dietary supplements have 
attracted growing interest as far as incidence, progression 
and potential reversal in MS (15-23,38-40).
 The  B  v i t amins  r e fe r  t o  a  b iochemica l ly 
heterogeneous group of water soluble molecules: 
B1 (thiamine), B2 (riboflavin), B3 (nicotinamide), 
B5 (pantothenic acid), B6 (pyridoxine), B7 (biotin), 
B9 (folic acid), B12 (cyanocobalamin), required as 

cofactors for the metabolism of fatty acids, amino 
acids, neurotransmitters, myelin, and nucleic acids, 
and for providing energy to support neurons in such 
mechanisms. In particular, vitamin B1, B6, and B12 
have demonstrated to considerably contribute to 
neuro-immune homeostasis and appeared to be firmly 
involved in MS pathogenesis (41). Intriguingly, vitamin 
B12 deficiency and MS share similarities in terms of 
clinical presentation, including megaloblastic anemia or 
macrocytosis, and MRI findings (38, 42).
 A synergistic effect of vitamins B1, B6, and B12 for 
improving neurologic functions has been demonstrated 
based on overlap in several biochemical pathways 
(24-27,41). Vitamin B12 operates as a cofactor for 
methylmalonyl coenzyme A (CoA) mutase (MCM), an 
enzyme that catalyzes the reversible isomerization of 
l-methylmalonyl-CoA to succinyl-CoA. If MCM turns 

Table 1. Spearman's rho correlation

Items

Spearman's rho
    Age
        Correlation Coefficent
        Sig.2 (2-tailed)
        N
    Latency Time
        Correlation Coefficent
        Sig.2 (2-tailed)
        N
    VA0
        Correlation Coefficent
        Sig.2 (2-tailed)
        N
    VA1
        Correlation Coefficent
        Sig.2 (2-tailed)
        N
    FT0
        Correlation Coefficent
        Sig.2 (2-tailed)
        N
    FT1
        Correlation Coefficent
        Sig.2 (2-tailed)
        N
    MD0
        Correlation Coefficent
        Sig.2 (2-tailed)
        N
    MD1
        Correlation Coefficent
        Sig.2 (2-tailed)
        N
    PSD0
        Correlation Coefficent
        Sig.2 (2-tailed)
        N
    PSD1
        Correlation Coefficent
        Sig.2 (2-tailed)
        N

Age

  1.000

20

   0.473*

  0.035
20

-0.250
 0.289

20

 -0.452*

 0.045
20

 -0.522*

 0.018
20

  -0.600**

 0.005
20

 0.121
 0.612

20

-0.126
 0.596

20

 0.112
 0.639

20

 0.320
 0.169

20
*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). VA: Visual Acuity, FT: Foveal 
Sensitivity Threshold, MD: Mean Deviation, PSD: Pattern Standard Deviation.

Latency Time

   0.473*

  0.035
20

  1.000

20

-0.234
 0.320

20

-0.350
 0.130

20

-0.343
 0.130

20

 -0.543*

 0.013
20

 0.005
 0.982

20

-0.212
 0.371

20

 0.277
 0.237

20

  0.460*

 0.041
20

VA0

-0.250
 0.289

20

-0.234
 0.320

20

 1.000

20

   0.706**

 0.001
20

   0.791**

 0.000
20

  0.495*

 0.026
20

 0.248
 0.291

20

 0.210
 0.374

20

-0.340
 0.164

20

-0.370
 0.109

20

VA1

 -0.452*

 0.045
20

-0.350
 0.130

20

   0.706**

 0.001
20

 1.000

20

   0.791**

 0.000
20

   0.756**

 0.000
20

 0.413
 0.070

20

  0.540*

 0.014
20

-0.288
 0.218

20

  -0.573**

 0.008
20

FT0

 -0.522*

 0.018
20

-0.343
 0.130

20

   0.791**

 0.000
20

   0.791**

 0.000
20

 1.000

20

   0.838**

 0.000
20

 0.271
 0.247

20

 0.374
 0.104

20

-0.405
 0.077

20

  -0.648**

 0.002
20

FT1

  -0.600**

 0.005
20

 -0.543*

 0.013
20

  0.495*

 0.026
20

   0.756**

 0.000
20

   0.838**

 0.000
20

 1.000

20

 0.122
 0.608

20

 0.344
 0.138

20

-0.325
 0.162

20

  -0.707**

 0.000
20

MD0

 0.121
 0.612

20

 0.005
 0.982

20

 0.248
 0.291

20

 0.413
 0.070

20

 0.271
 0.247

20

 0.122
 0.608

20

 1.000

20

   0.851**

 0.000
20

 -0.558*

 0.011
20

-0.432
 0.057

20

MD1

-0.126
 0.596

20

-0.212
 0.371

20

 0.210
 0.374

20

  0.540*

 0.014
20

 0.374
 0.104

20

 0.344
 0.138

20

   0.851**

 0.000
20

 1.000

20

 -0.463*

 0.040
20

 -0.551*

 0.012
20

PSD0

 0.112
 0.639

20

 0.277
 0.237

20

-0.340
 0.164

20

-0.288
 0.218

20

-0.405
 0.077

20

-0.325
 0.162

20

 -0.558*

 0.011
20

 -0.463*

 0.040
20

 1.000

20

   0.752**

 0.000
20

PSD1

 0.320
 0.169

20

  0.460*

 0.041
20

-0.370
 0.109

20

  -0.573**

 0.008
20

  -0.648**

 0.002
20

  -0.707**

 0.000
20

-0.432
 0.057

20

 -0.551*

 0.012
20

   0.752**

 0.000
20

 1.000

20
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out to be defective, it occurs an upstream accumulation 
of methylmalonyl CoA and its precursor, propionyl 
CoA, with subsequent propionyl CoA replacing succinyl 
CoA in the Krebs cycle. As a result, effective long-
chain lipid synthesis is hindered, and aberrant short 
lipid chains end up constituting the myelin sheath (41). 
In addition, vitamin B12 exerts a decisive role in the 
homocysteine remethylation process to methionine 
within folate metabolism, and its deficiency is thereby 
associated with reduced synthesis of phospholipids and 
increased levels of serum homocysteine. In accordance, 
increased plasma homocysteine levels in MS patients 
have been reported (43,44). Moreover, homocysteine 
can be removed by conversion to cysteine (amino-acid 
having role in myelin formation) with vitamin B6 as 
a cofactor, this underlying the strict interplay between 
B6 and B12 vitamins (45). Furthermore, vitamin B6 
serves as a cofactor in sphingolipid and neurotransmitter 
synthesis and in free radicals scavenging activity (46,47). 
Similarly, studies suggest that vitamin B1 is involved 
in the synthesis of myelin, nucleic acids, and several 
types of neurotransmitters, and shows antioxidant 
activity (41). B12 in addition to interferon-beta improved 
demyelination and reduced astrocytosis, resulting in near 
normal motor function in experimental autoimmune 
encephalomyelitis (EAE) mice (15). Similar results were 
achieved with B12 supplementation in combination 
with paclitaxel in EAE animals (16). Intramuscular 
B12 administration for 24 weeks in 138 patients with 
MS resulted in improvement by 2 Guy's neurological 
disability scale (GNDS) points in a randomized placebo 
controlled, double blind study (19). In a pilot study on 15 
patients with MS in remitting phase experiencing fatigue, 
high doses thiamine resulted in fatigue regression despite 
normal blood thiamine levels (17). Despite mentioned 
encouraging results, a few studies investigated visual 
function parameters as manageable model for evaluating 
the potential neuroprotective effects of B vitamins in 
MS. It has been estimated that one-third of MS patients 
show persistent visual symptoms after AON, with 
significant reduction in quality of life (48). The effects 
of massive vitamin B12 supplementation (oral 60 mg/
day for 6 months and intravenous 5 mg vitamin B 12 
every day for 14 days before oral administration in 3 
patients) in 6 patients with progressive MS on either low 
dose prednisolone or azathioprine, resulted in improved 
visual and brainstem auditory evoked  potentials at 3 
and 6 months follow-up, with bilateral re-appearance of 
P100 wave after treatment in one case (21). None of the 
patients had low serum vitamin B12 levels when entering 
the study and no one experienced any adverse effect. 
An open-label pilot study based on high-dose biotin 
administration (oral 300 mg/day for a mean duration of 
9.2 months) in progressive MS, showed encouraging 
preliminary results, inclusive of visual function 
assessment, in terms of reversing disease progression and 
reducing chronic disability (22). However, in a recent 

randomized 6-months controlled trial, high-dose biotin 
did not significantly improve visual acuity in MS-related 
chronic visual loss compared to placebo, with 70.7% 
of patients on concomitant DMTs (23). We reported a 
statistically significant improvement of visual acuity 
(p = 0.002) and foveal sensitivity threshold (p = 0.006) 
at 3-months follow-up time (T1) compared to baseline 
(T0). Similarly, a significant reduction was observed for 
MD (p < 0.0001), and PSD (p < 0.0001) at follow-up, 
in comparison to baseline. Interestingly, age at the time 
of inclusion showed a statistically significant correlation 
with the latency time (rho = 0.47, p = 0.03) at follow 
up. This could be explained by the fact that patients 
younger at onset have demonstrated to experience larger 
number of relapses before progression, in accordance 
with literature (49). A positive correlation was 
demonstrated between foveal sensitivity threshold and 
VA at baseline (rho = 0.79, p < 0.0001), and it appears 
as interesting information since there are described 
cases with FT decline and relatively good visual acuity 
in the context of subclinical optic neuritis or cases with 
good FT measurements but very reduced vision as per 
involvement of factors other than optic neuropathy (50). 
Linear regression analysis showed that baseline foveal 
sensitivity threshold was the only variable significantly 
correlated with final visual acuity, with a statistically 
significant positive association (B = 1.39; CI (95%) = 
0.93-1.85; p < 0.0001). We speculate that the relevance 
of foveal threshold for prediction of visual outcome 
could be related to the frequent involvement of central 
visual field in MS patients, and accordingly in our 
sample.
 In conclusion, the current work indicates the possible 
effectiveness of high-dose B1, B6 and B12 vitamins in 
patients with MS-related visual permanent disability. 
The favorable findings from our open, pilot study might 
open new perspectives for reaching placebo-controlled 
randomized trials based on B vitamins, and particularly 
B1, B6 and B12 in combination, as complementary 
therapeutic against RRMS visual impairment. The 
results so far presented on vitamin B12 and biotin in 
progressive MS then, could allow for extending the 
investigation to progressive forms of disease. An insight 
on biochemical pathways through which B vitamins 
promote re-myelination and inhibit inflammation in 
neurodegenerative diseases including MS, clearly 
indicates their potential to influence the course of disease 
by improving and even reversing neurological fixed 
and disabling damage. Therefore, novel neuroprotective 
approaches are expected to support existing relapse-
preventative strategies in MS, with regard to optic nerve 
axonal and neuronal degeneration and related impairment 
in visual quality of life.
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