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Abstract

Purpose: Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system in which multifocal damage to
the brain and spinal cord occurs. The etiology of MS remains unclear but it is often recognized by researchers as a multifactorial
disease that involves autoimmune and genetic predisposition combined with environmental influences (e.g., low vitamin D levels,
smoking, obesity). An adequate and balanced diet can be extremely helpful in improving the condition of MS patients, effectively
supporting pharmacological therapy. The purpose of the study was to investigate whether, and if so, to what extent, the intake
of macronutrients, vitamins, and microelements may affect the course of MS.

Views: The review presents data from studies published between 2017 and 2022.

Conclusions: There are numerous studies on the role of specific dietary components in the treatment of MS, but the results are still
limited. More work is needed to define the tools required for the assessment of patients’ eating habits because dietary factors can
affect the functioning and quality of life of MS patients and should therefore be evaluated to assist in comprehensive treatment and
recovery.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic demyelinating
disease of the central nervous system with multifocal
damage to the brain and spinal cord [1]. The current esti-
mated prevalence of MS worldwide is 2.8 million people
(35.9 per 100,000 inhabitants) [2]. The disease mainly af-
fects young people, aged 20-40 years, with the average age
of diagnosis being 32 [2, 3]. In 3-5% of all cases MS occurs
before age 16 (early onset) and in 3.4-12.7% after 50 (late
onset) [3]. MS affects twice as many women as men and is
a common cause of disability in young adults [2]. The etio-
logy of MS remains unclear but is often recognized by
researchers as a multifactorial disease that involves
an autoimmune and genetic predisposition combined
with environmental influences (e.g., low vitamin D levels,
smoking, obesity) [4, 5]. The disease can affect any region
of the central nervous system (CNS) and generate almost
any neurological symptom. The most common are sen-
sory disturbances (numbness, tingling), balance and gait
problems (as a result of weakness, fatigue), vision prob-
lems (double, blurred vision), digestive and urinary sys-
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tem dysfunctions, cognitive and emotional disorders [6].
Furthermore, MS is characterized by a wide range of
symptoms that may be related to nutritional status and
contribute to an increased risk of malnutrition. Diet-
related health problems that are, however, often observed
in the affected population, including cardiovascular dis-
ease and metabolic syndrome, which can contribute to
deteriorated condition of the patient [7]. According to
the current McDonald’s MS criteria, modified in 2017,
the presence of a long-term multifocal and neurological
deficit, usually supported by magnetic resonance imag-
ing and/or cerebrospinal fluid tests is the basis for con-
firming the diagnosis of MS [8]. MS is divided into four
subtypes: relapsing-remitting multiple sclerosis (RRMS),
primary progressive multiple sclerosis (PPMS), second-
ary progressive multiple sclerosis (SPMS), and clinically
isolated syndrome (CIS). To confirm the diagnosis, other
CNS diseases that may mimic MS should be excluded.
The greatest challenge for scientists studying MS is the de-
velopment of treatments that incorporate neuroprotec-
tion and remyelination to treat and ultimately prevent
progressive forms of the disease [9]. Currently, there are
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drugs available that modify the course of MS by reducing
relapsing activity and slowing the progression of disabili-
ty. Treatment should be personalized for each patient, de-
pending on clinical status, disease activity, patient safety
during long-term therapy with a particular drug, control
of its use, and patient’s preference [10]. Treatment of MS
includes the support of physical therapists, occupational
therapists, and nutritionists. Scientific evidence suggests
that dietary factors can exacerbate or alleviate MS symp-
toms through various mechanisms (metabolic, inflam-
matory, etc.) in both primary progressive MS (PPMS)
and relapsing-remitting MS (RRMS) [11, 12]. Nutritional
therapy in multiple sclerosis should be based primar-
ily on the individual condition of the patient, the level
of nutrition of the patient’s organism, as well as the stage
of the disease and its current phase (relapse/remission).
Therefore, the objective of the study was to check whether
and, if so, to what extent, the intake of macronutrients, vi-
tamins, and micronutrients may affect the course of MS.

METHODOLOGY

Due to the desire to comprehensively review current
scientific research and to exhaust the topic, scientific
studies presenting the relationship of nutrition and its
components in patients with multiple sclerosis were ana-
lyzed. An online search was conducted using the follow-
ing databases: PubMed, Google Scholar, Researchgate,
Science Direct. Keywords used in the search include:
“multiple sclerosis”, “nutrition in MS”, “diet in MS”, “vita-
mins in MS”, “sodium in MS”, “alpha-lipoic acid in MS”.
The review presents data from the studies published be-
tween 2017 and 2022. Several articles published prior to
2017 were included to clarify the relationship between
the dietary components and MS.

MACRONUTRIENTS IN THE DIET OF MS
PATIENTS

Current scientific research shows that in patients
with multiple sclerosis, at the time of the onset of the dis-
ease, there is a wide spread of unhealthy eating habits,

Table 1. Eligibility criteria

which in the long term can be associated with a higher
risk of concomitant metabolic and cardiovascular diseas-
es [7]. The macro- and micronutrients in the diet can be
substrates for the microbiota, which in recent years has
become a specific subject of research in MS [13-16].

PROTEINS

A recently published case-control study in a south-
ern European cohort showed that patients with the first
demyelinating episode admitted to lower plant pro-
tein intake and higher animal protein intake compared
to healthy controls [17]. The role of animal proteins in
the risk of developing multiple sclerosis is controversial.
In 2016, a link was suggested between increased meat
consumption and higher risk of multiple sclerosis [18].
Scientific reports of 2019 from Australia suggested a pos-
sible protective role of the consumption of unprocessed
red meat on the risk of central nervous system demye-
lination in women [19]. Fitzgerald et al., in a study eval-
uating the quality of the diet of MS patients, showed that
a diet with lower red meat consumption was associated
with a lower level of disability [20]. However, it is not
known whether eating unprocessed red meat is associat-
ed with disease progression in people diagnosed with MS.

MS’s physiological and/or immunological character-
istics reduce metabolism of serotonin which is a neu-
rotransmitter associated with affective and cognitive
functions. Although the exact role of serotonin in MS
is unclear, there are clear indications that axonal degen-
eration, pro-inflammatory cytokines, and MS-related
changes affect the metabolic pathway of tryptophan
(TRP; a serotonin precursor) leading to serotonergic de-
regulation and consequent dysfunctions such as anxiety,
depressed mood, problems with attention and memory.
In a double-blind, placebo-controlled study by Lieben
et al., MS patients with (n = 15) and without (n = 17)
depressed mood took a whey protein mix with 4 different
amounts of tryptophan. The addition of tryptophan with
a mixture of whey proteins to the diet of MS patients was
shown to improve memory processes, but did not im-
prove mood [21]. The pilot study investigated two clinical

Inclusion criteria

Exclusion criteria

Articles in English

Publication date between 2017 and July 2022
Meta-analysis

Systematic reviews

Randomized controlled clinical trials
Cohort studies

Prospective studies

Pilot studies

Cross-sectional studies
Clinical-control studies

Animal studies

Articles in a language other than English

Publications on the use of a specific diet, e.g. ketogenic, Swank,
Wahlsa, Mediterranean

In vitro and in vivo studies

Case reports
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groups of patients with relapsing-remitting MS who had
been following a high-vegetable/low-protein diet (n = 10)
and a Western diet (WD) (n = 10) for at least 12 months.
Compared to WD, the study group showed a decrease in
pro-inflammatory IL-17+ and PD-1+ T cells and an in-
crease in anti-inflammatory PD-L1+ monocytes; howev-
er, the described effects were mainly attributed to diet-re-
lated changes in the microbiota of MS patients and not to
the amount of protein in the diet [22].

Furthermore, in an animal model study, it was shown
that reducing protein intake, and in particular restrict-
ing amino acid tryptophan intake, prevents the induction
of EAE (experimental autoimmune encephalomyelitis)
induction by inhibiting T cell responses [23]. This effect
depends on the diversity of the microbiota, as the re-
duction of tryptophan in the diet leads to enrichment
of the types of bacteria that synthesize tryptophan.

FATS

In the 1950s, Swank et al. observed that people who
consumed less animal fat than the typical “Western Diet”
had a lower incidence of MS [24]. Obesity (attributed
to excessive consumption of dietary fat) has also been
shown to have a negative impact on the disease, especial-
ly if it occurs in adolescence [25]. According to existing
scientific evidence, serum lipid levels and body mass in-
dex (BMI) are significantly related to the level of disabil-
ity and its progression in people with MS [26]. A charac-
teristic feature of a typical Western diet is increased fat
consumption, especially saturated fatty acids (SFA), w-6
polyunsaturated fatty acids, and trans fats, accompanied
by a general reduction in w-3 consumption, which also
contributes to the changes in the values of the lipid pro-
file. A pilot study by Albrechtsen et al. showed that fat
consumption (33.9 + 5.5% of total energy consumption)
in the diet of MS patients was inversely related to phys-
ical performance (i.e. 6MWT - 6-minute walk test and
VO, ) [27]. Bromley et al, in a cross-sectional study,
showed significant correlations between the percentage
of fat intake from patients with improved distance traveled
in SMWT (r = 0.51, p = 0.02) and the results of the short-
form health survey of 36 items (SF-36) (r = 0.47, p = 0.03),
which means that diets with a higher fat content were posi-
tively correlated with improved mobility and quality of life
in people with mild to moderate MS [28].

Saturated fatty acids

Current research is paying particular attention to
the type of fat consumed in the diet. The fatty acids that
are most often described in the literature as harmful for
MS are saturated fatty acids (SFA). It is generally accepted
that saturated fat consumption increases LDL cholester-
ol, which is associated with poor MS outcomes [29-31].
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Saturated fat can also directly affect the immune system
by activating pro-inflammatory receptors, leading to ad-
ditional consequences, including increased NF-kB [32].
The key role of abnormal activation of NF-«B is in the ac-
tivation of pro-inflammatory activity in the pathogene-
sis of MS. The therapeutic efficacy of many approved MS
treatments is currently believed to be attributed, at least
in part, to blockade of the NF-kB pathway of the periph-
eral nervous system and the immune response of the CNS
[33]. In a prospective study, it was found that in children
with multiple sclerosis, high fat energy consumption, es-
pecially an excessive supply of saturated fat, can increase
the risk of disease recurrence [34]. In the study men-
tioned above by Bromley et al. the percentage of saturated
fat consumed in the diet by MS patients was shown to be
correlated with vitality, which measures overall fatigue/
energy (r = -0.45, p = 0.04) [26].

Polyunsaturated fatty acids

The alleged role of low polyunsaturated fatty acids
(PUFA) intake as a risk factor for MS is still being dis-
cussed. PUFA can have anti-inflammatory and immuno-
modulatory effects, reducing inflammation by converting
to anti-inflammatory prostaglandins E, and E,, with fur-
ther effects on cytokine production, leukocyte migration,
and other components of the immune system [35]. These
include omega-6 fatty acids (e.g. linoleic acid) and ome-
ga-3 fatty acids (e.g. a-linolenic acid [ALA], eicosapen-
taenoic acid [EPA], and docosahexaenoic acid [DHA]). It
should be noted that the studies conducted so far in MS
have been largely related to supplementation with PUFA
and not its consumption in the diet.

The effectiveness of the supplementation dose varies
depending on many factors, especially the progression
and state of the disease before starting supplementation.
More research is needed to determine the effectiveness
of omega-3 fatty acids in the health of MS patients [41].
The lack of standardized implementation continues to be
a major problem in existing clinical trials, including dis-
crepancies in doses, sources, small group sizes, and vary-
ing duration of treatment.

Alpha-lipoic acid

Recently, researchers have paid special attention
to the efficacy of lipoic acid (LA) therapy in diseases
of the central nervous system [42]. Supplementation is
a promising approach to improve the outcomes of MS
patients. Lipoic acid protects the central nervous system
through immunomodulation and antioxidants, prevents
inflammatory cells from crossing the blood-brain barrier
(BBB) and protects brain endothelial cells. In the CNS,
LA inhibits the activity of T cells/microglia, reduces
the expression of TNF-a and IFN-y, and neutralizes ROS
and NO [43]. LA may be able to attenuate lesion activity
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Table 2. Analysis of polyunsaturated fatty acids (PUFA) consumption and supplementation in multiple sclerosis patients in
research studies

Authors Type of study Year | Supplementation/ Results Conclusions
Dietary intake
Zandi-Esfahan Randomized 2017 Supplementation No differences were found between Administration of fish oil
et al. (36) controlled trial 1 g/day of fish oil serum TNF-a,, IFN-y, IL-6 and IL-18 did not reduce serum
(50 patients with levels at the three time points TNF-a., IL18, IL-6 and IFN-y
RRMS aged 18-45) between the two groups (o > 0.05). compared to placebo.
There were no statistically significant There was no evidence
differences in mean EDSS between of an effect on the degree
the experimental and control groups |  of disability in the patients.
after 12 months of intervention
(p=0.08).
Bjgrnevik et al. Prospective study 2017 Dietary intake Increased consumption of PUFA A significant inverse
(37) - 80,920 women was associated with a reduced association between
of the Nurses’ Health risk of MS. PUFA intake and MS risk.
Study (1984-2004) Only plant-derived ALA was The effects estimates were
and 94,511 women significantly associated with only significant for plant-
of the Nurses’ Health a lower risk of MS. The researchers | derived n-3 ALA, and not for
Study Il (1991-2009) did not find a significant marine n-3 fatty acids.
who reported on association between the intake Low PUFA intake may be
diet every 4 years of marine n-3 fatty acids and another modifiable risk
and identified 479 the risk of MS. factor for MS.
incident MS cases
during follow-up
Sedighiyan A systematic review | 2019 | Supplementation Omega-3 supplementation did According fo researchers,
et al. (38) and meta-analysis not have a significant effect on omega-3 supplementation
the disability status scale (EDSS) may not have a clinically
of the patients, as well as on significant effect on EDSS or
the serum levels of serum IL-18 and pro-inflammatory markers.
IL-6. However, they significantly
decreased the concentration
of TNF-a compared to placebo.
Langer-Gould Clinical trial 2020 Dietary intake Eating fish/seafood af least once Various genes and proteins
et al. (39) a week or at least once a month related fo fatty acid
with regular use of fish oil was metabolism have been
associated with a 44% reduction shown to be associated with
in the probability of developing the incidence and prognosis
MS/CIS (OR = 0.56; 95% Cl = 0.41- of MS.
0,76; p = 0.0002) compared to The intake of omega-3 fatty
the consumption of fish/seafood acids may be an important
less than once a month and without | modifiable risk factor for MS.
supplementation with fish oil.
Aristotelous Randomized 2021 24-month The dietary supplement Long-term supplementation
et al. (40) controlled trial (51 supplementation significantly improved the single with high doses of omega-3
patients with RRMS with a cocktail support time and the stride and omega-6 PUFAs
and low disability of dietary time (p < 0.05), both of the gait and specific antioxidant
scores, age: 38.4 + 7.1 supplement formula, time-space parameters. GDI in vitamins improved some
years, treated with NeuroaspisT™M PLP10, the placebo group decreased functional capacity and
interferon-B) containing specific by approximately 10% after gait parameters in patients
omegao-3 and 24 months and increased by with RRMS.
omega-6 PUFA and | approximately 4% in the test group
specific antioxidant (p < 0.05).
vitamins: A, E,
y-focopherol
AlAmmar A systematic review | 2021 Supplementation | Benefits of supplementing with 4 g | Supplementation can affect
etal (41) of fish oil or omega-3 daily in MS the level of inflarnmatory
patients. markers such as TNF-a, IL-IB,
IFN-y and IL-6, the quality
of life of patients, and
the progression of MS.
The effectiveness
of the dose varies
depending on many factors,
especially the progression
and state of the disease
before starting
supplementation.
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by modulating monocyte and macrophage inflammation
and phagocytosis, and cAMP (cyclic adenosine-3’, 5-mo-
nophosphate) may mediate these effects [44]. Demyelin-
ation, oxidative stress, and autoimmunity are typical fea-
tures of MS, so the use of LA as a dietary supplement or
combination therapy is a promising and safe strategy in
the future. The achievements of LA supplementation to
date are exciting, but the evidence is heavily limited pri-
marily by the short duration of the trial and insufficient
research. Researchers also consider its supplementation
in terms of low bioavailability after oral administration,
which is a key factor preventing its use [45]. Cameron
et al. compared gastrointestinal tolerance and assessed
R-lipoic acid (LA) absorption in subjects with progres-
sive multiple sclerosis in a single-center, randomized,
double-blind, crossover study. Participants took 600 mg
of R-LA or 1,200 mg of a 1 : 1 racemic mixture of R, S-LA
in single daily doses for 7 to 10 days [46]. People with
PPMS had better gastrointestinal tolerance and serum
absorption of R-LA when 600 mg of R-LA was taken as
R-LA alone than when it was taken as a racemic R, S-LA
mixture.

CARBOHYDRATES

In patients with the first episode of demyelinating,
a higher consumption of simple carbohydrates and a lower
consumption of insoluble fiber were observed [17]. Fitz-
gerald et al. in a study evaluating the quality of the diet
of MS patients showed that a diet richer in fiber, that is,
fruits, vegetables, legumes and whole grains, and poorer in
simple sugars (sugar-sweetened sweets and drinks) was as-
sociated with a lower level of disability [20]. In a pilot study,
Albrechtsen ef al. showed that carbohydrate consumption
(46.4 = 7.1% of total energy intake) was positively associ-
ated with physical performance in patients with MS (i.e.
6MWTand VO, ), while high sugar consumption was as-
sociated with elevated serum insulin levels, which can lead
to inflammation and worsening of MS [25]. Bromley et al.
showed significant correlations between the consumption
of carbohydrates by MS patients, which was associated
with the reduction in the distance traveled during 6 MWT
and the self-assessment of walking ability and less physical
activity, while diets high in simple sugars were associated
with slower timed 25 foot walk, G — T25FW test results
(r=0.43, p=0.05) and reduced physical - activity (r = -0.51,
p = 0.05). This means that diets with a lower carbohydrate
content were positively correlated with improved mobility,
physical activity, and quality of life in people with mild to
moderate MS [28].

In one of the pilot studies on vitamin B, consump-
tion in patients with multiple sclerosis, patients who con-
sumed fewer total carbohydrates and mainly simple car-
bohydrates showed a higher level of depression, which is
characteristic of MS [47]. A lower total carbohydrate in-
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take than recommended can interfere with vitamin B, ac-
tivity because its function is to metabolize carbohydrates
to obtain glucose as a source of neuronal energy [48]. In
a multicenter study of the pediatric population, no asso-
ciation was found between the consumption of protein,
fat, carbohydrates, fiber, fruit, vegetables or dairy prod-
ucts between the MS group and the control group [49].
The high consumption of simple carbohydrates has
been suggested to be generally pro-inflammatory [50],
but its role in MS requires further research. High dietary
fiber intake can modulate the intestinal microbiota and
the end products of fiber fermentation, short-chain fat-
ty acids (SCFA), can modify the immune microenviron-
ment of the gut by inducing regulatory T lymphocytes
and protect against autoimmune diseases [17]. However,
in relation to MS, there are insufficient research results.

VITAMINS

Vitamin D

Vitamin D is a fat-soluble vitamin characterized best
by its role in calcium homeostasis, which can be taken
in the diet or synthesized during exposure to the sun.
It is also the most promising vitamin for the treatment
of chronic autoimmune and inflammatory diseases. Vi-
tamin D deficiency is a risk factor for the development
of MS, as well as a negative prognostic factor in MS, it can
modulate the activity and progression of the disease [51].
Evidence is emerging that vitamin D plays an important
role in the pathogenesis of MS due to its regulatory ef-
fect on the immune system, particularly in the activation
and proliferation of lymphocytes and the differentiation
of helper T lymphocytes [52, 53]. An 11-year follow-up
of patients has shown that adequate vitamin D levels can
contribute to long-term neuroprotection in people with
multiple sclerosis. These results suggest that vitamin D
supplementation and abandonment of smoking early af-
ter MS diagnosis may protect long-term cognitive func-
tion and central nervous system integrity in patients, re-
gardless of disease-modifying therapy [54].

Observational studies suggest that circulating vitamin D
levels are a sign of more active disease in patients with re-
lapsing-remitting multiple sclerosis [55]. A meta-analysis
of randomized controlled trials showed that vitamin D
supplementation had no effect on the Expanded Disabili-
ty Status Scale (EDSS) in MS patients [56], although con-
tradictory results were found [57]. Some limitations were
also shown, i.e., a small number of included studies and
publication bias. Researchers have shown that vitamin D
supplementation supports the treatment of MS patients and
reduces the appearance of depression symptoms [58-61],
although studies on this issue are contradictory and in-
conclusive [62]. Future research on vitamin D and MS
depression symptoms should include patients with actual
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depression symptoms at baseline and include confound-
ers such as exposure to the sun.

Some studies show that vitamin D in moderate concen-
trations can exert a direct immunoregulatory effect, while
supplementation at too high doses can mimic the exacer-
bation of MS symptoms, causing fatigue, urinary tract dis-
orders and weakness, and even leading to life-threatening
complications [63]. The study by Feige et al., presented
data from clinical trials in which vitamin D doses ranged
from 10,000 to 40,000 IU/day, which appeared to be safe
as supplement therapy. The side effects in the studies were
usually minor and manageable. However, current data are
insufficient and larger randomized controlled trials are
required to determine the effect of high-dose vitamin D
supplementation on multiple sclerosis. Given these limita-
tions, vitamin D supplementation in MS is an issue that
should be monitored by doctors.

Vitamin B,, and folic acid

Vitamin B, (cobalamin) plays a fundamental role in
the functioning of the central nervous system, especially
in the conversion of homocysteine to methionine through
methionine synthase, which is essential for DNA and RNA
synthesis. Cobalamin deficiency can lead to elevated levels
of homocysteine. Vitamin B, plays an important role in
multiple sclerosis due to its participation in the formation
of the myelin sheath and its immunomodulatory and neu-
rotrophic effects [64]. A meta-analysis of scientific studies
by Dardiotis et al., did not show significant differences in
vitamin B, levels between people with multiple sclerosis
and controls, although the blood of people with multi-
ple sclerosis showed higher levels of homocysteine [65].
Similar conclusions were obtained in a recently published
meta-analysis, which also found higher levels of homocys-
teine in the serum of MS patients compared to the control
group [66]. Elevated levels of homocysteine play a role in
myelin sheath degeneration by disrupting methyl group
donors, causing neuritis, microglial activation, and other
biochemical reactions in the central nervous system [67].
A recent double-blind clinical study was conducted to de-
termine the effects of vitamin B,, and folate supplemen-
tation on serum homocysteine in patients with RRSM.
In the ‘vitamin group, the mean homocysteine level was
shown to be significantly reduced and the physical and
mental areas of quality of life improved [68]. Supplementa-
tion with vitamin B , and folate can lower serum homocys-
teine level in MS, which would be helpful in possible MS
treatment strategies in clinical practice.

Other B vitamins
Vitamin B,

Deficiency or lack of thiamine activity (vitamin B))
causes neurological symptoms, especially symptoms

of depression, inherent in multiple sclerosis and relat-
ed to its pathogenesis. In a pilot study by Orti et al.,
a significant negative correlation was found be-
tween depression and thiamine consumption [47].
The dietary intake associated with thiamine activity
in the MS patient population exhibits an imbalance
characterized by a lower recommended total carbo-
hydrate intake, which consists mainly of simple car-
bohydrates. These results demonstrated the impor-
tance of determining the intake of vitamin B, and its
main nutritional sources in MS patients with severe
depression.

Vitamin B,

Biotin (vitamin B, H), as a cofactor of the four es-
sential carboxylases, can support myelin repair by in-
creasing fatty acid synthesis and protect against hypox-
ia-induced axonal degeneration by increasing energy
production in neurons. Some researchers have focused
on administering high-dose biotin (HDB) to MS pa-
tients. Clinical data show that patients with multiple
sclerosis, when treated with daily doses of biotin of up
to 300 mg, responded positively, reversing disease pro-
gression and reducing chronic disability [69]. The like-
ly mechanism is due to increased myelin production
that leads to increased axonal remyelination. Biotin
may also increase energy production and reduce ax-
onal hypoxia in multiple sclerosis [69, 70]. In current
publications, it turns out that it may cause relapses and
increase its activity. The mechanism by which HDB
can increase the activity of MS disease is unclear. It has
been hypothesized to compete with the metabolism or
transport of B vitamins, including riboflavin, which
are involved in cell function [71]. However, the results
are still inconclusive [72]. Motte et al. concluded in
their study that a high oral dose of biotin cannot be
recommended for patients with progressive multiple
sclerosis and that further research on biotin is no lon-
ger needed [73].

Vitamin B,

Vitamin B, (riboflavin), in addition to a number
of important functions it performs in the human body
(important for the proper functioning of the nervous,
endocrine, cardiovascular, and immune systems), plays
an important role in myelin formation. A recent scientif-
ic review of its role in MS concluded that riboflavin may
be considered a likely complementary agent to reduce
the harmful effects of neurological disability in multiple
sclerosis; however, most research in this area is limited
to experimental studies, so more interventional studies
are needed in human populations to determine the effect
of riboflavin [74].

133



Magdalena Zielinska, lzabela Michohska

Table 3. Discussion of key nutritional strategies in patients with multiple sclerosis

Recommended nutritional strategies

Unrecommended nutritional strategies

Macronutrients Dietary intake of plant protein, foods rich in complex Excessive intake of macronutrients, especially simple
carbohydrates and fiber. carbohydrates, trans fatty acids, saturated fatty acids.
Ensuring an adequate quantity and quality of dietary
fats (adequate supply of omega-3 fatty acids).
Vitamin D Ensure adequate supplementation with plasma Supplementation in excessively high doses without

vitamin D levels under medical supervision.

medical consultation.

Vitamin B, (thiamine)

An adequate dietary supply of vitamin B is recommended, due to the results of studies that have shown
a correlation between the lower recommended total carbohydrate intake as the main sources of vitamin B,
and the appearance of depression in patients with MS.

Vitamin B, (riboflavin)

Due to ifs role in myelin formation, an adequate supply in the diet is worth keeping in mind. Further research is
needed to determine its potential impact on multiple sclerosis.

Vitamin B, (biotin)

According fo current research, oral high-dose biotin cannot be recommended for patients with progressive

multiple sclerosis.

Vitamin B,, and folic

Deficiency of these vitamins can lead to increased levels of homocysteine. Supplementation with vitamin B,

acid and folic acid can lower serum homocysteine levels in MS, which would be helpful for possible MS freatment
strategies in clinical practice. More research is needed.
Sodium According fo current research, dietary salt intake does not affect the course and activity of MS. However, more
research is needed due o sodium storage in MS patients fo determine whether this is a cause or effect of the disease.
MINERALS sodium in the skin has been shown to be based on non-
renal regulatory mechanisms that involve the immune
Sodium system [81]. An observational study by Huhn et al., pro-

Preclinical studies before the analyzed period sug-
gested the possible adverse effects of a high-salt diet in
multiple sclerosis. Salt (NaCl, sodium chloride) has been
suggested to potentially influence MS activity and progres-
sion, possibly by modulating T-cell differentiation [75].
In a randomized clinical trial by Fitzgerald et al., over
a 5-year follow-up of 468 patients, it was investigated
whether a salt-rich diet, measured by urine sodium con-
centration, was associated with faster disease progression,
as well as activity and disability [76]. Dietary salt intake
has not been shown to have an effect on the course and ac-
tivity of MS. Cortese et al., obtained similar results, show-
ing no correlation between sodium intake and the risk
of MS [77]. Although some researchers question the as-
sumption that increased sodium intake is directly cor-
related with sodium excretion [78]. Epidemiological data
also do not confirm the strong influence of high sodium
intake on the appearance of MS. The Asian population is
exposed to a salty diet, but the prevalence of MS in Asian
countries is among the lowest in the world [79, 80]. Re-
searchers are still searching for an answer to this relation-
ship and show that sodium accumulates in large amounts
in muscle and interstitial tissue, creating an electrolyte en-
vironment that does not balance with plasma and, there-
fore, escapes the control of the kidneys. The storage of

vided data that increased the importance of skin as sodi-
um storage and concluded that these results may further
present skin for future research on salt as a pro-inflamma-
tory agent driving autoimmune neuritis, such as in mul-
tiple sclerosis [82]. According to researchers, longitudinal
studies are necessary to determine whether an increase
in sodium content in the skin precedes the development
of MS or is a consequence of the disease [83, 84].

Based on the scientific work published to date, Table 3
summarizes the dietary strategies described in MS pa-
tients.

CONCLUSIONS

Research on the role of individual nutritional com-
ponents in multiple sclerosis is progressing, but remains
limited today. These studies are of variable quality, often
with small sample sizes and a pilot cross-sectional de-
sign, and while some are good quality RCTs, their ob-
servation period is too short and the samples too small
to draw definitive and reliable conclusions. More work
is needed to define the tools to assess eating habits in MS
patients because dietary factors can affect the function-
ing and quality of life of MS patients and should there-
fore be evaluated to assist in comprehensive treatment
and recovery.
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