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ABSTRACT

Multiple sclerosis (MS) is an immune-mediated, neurodegenerative
diseasecaused by a complex interactionbetween lifetime environmental
exposures and genes. Dieteic interventions environmental may affect
the disease activity. These modifications may happen in intake of fats,
proteins, calories, vitamins, minerals, fibers, and intake of several

other nutrients which have a key role in neural health. This review was
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with MS.

undertakento investigatethe role of nutritional modifications in patients
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Introduction

Multiple Sclerosis (MS) is a chronic, inflammatory,
and  immune-mediated  diseaseresults  in
neurodegenerative processes in the nervous
system, and is characterized by inflammation and
myelin loss leading to a significant disability and
unemployment because of the disease progression
(D). The pathogenesis is complex and multifactorial
(2) that is believed to be due to complex interaction
between genetic and environmental exposures,
such asnutritionthat can damage thenerve fibers and
the myelin sheath of the nervous system (3, 4) and
alterations in gut microbiome composition to down
regulate the inflammatory process (5). Various
environmental factors such as viral infection, brain
injury, physical inactivity, obesity, smoking, low

vitamin D level, etc. where shown to affect MS
development (6, 7).

The disease is typically presented with motor
impairment, visual disturbances, or sensory
problems, pain, fatigue and cognitive impairment
(8). MS has two main types and usually develops
in young adults and usually women are more
likely to be influenced. The first type is the
relapsing-remitting MS (85%) with inflammation
and demyelination as the primary pathology and
the second type is primary progressive MS (15%)
with neurodegeneration—axonal degeneration as the
primary pathology (9). The prevalence of disease is
higher in developed countries (10); with the highest
prevalence in Scotland, Norway, Hungary, Slovenia,
Germany, USA, Canada, and Czech Republic (11),
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but is extremely rare in Japan and is almost unknown
in the Indian subcontinent (12, 13). Treatment
measures includechanges in lifestyle factors such
as diet quality,disease-modifying,physical and
occupational therapies and management of the
symptom and relapses (14-17).

Dietary intervention is a simple and relatively
low risk method to potentially promote and improve
clinical status, well-being and life expectancy of
MS patients (4). A variety of specific diets including
plant-based low-fat McDougall (18), low saturated
fat Swank (19), Mediterranean (17), ketogenic
(9), energy restriction/fasting (20) andmodified
Paleolithic (Paleo) Wahls™ (21, 22) diets were tried
for treatment of MS disease, however, supportive
evidences for the benefit of any specific dietary
regimen are absent and well-designed, randomized
controlled trials seem necessary (23). As currently,
no spportive evidences are available to suggest
a specific diet for MS.The National MS Society
(NMSS) (24) recommended MS patients to follow
healthy eating guidelines for the general population
such as the US Dietary Guidelines for Americans
(DGA) (25) and those for cancer and heart disease
prevention (26).

Nutrition and MS

Dietary habits were reported as a possible
environmental factor influencing the risk and
progression of MS. There are not enough evidences
to recommend a specific diet for MS patients and the
National MS Society (NMSS) (25) just recommended
MS patients to follow healthy eating guidelines
for the general population such as the US Dietary
Guidelines for Americans (DGA) (24) and those for
cancer and heart disease prevention (26, 27).

Fat intake and MS

First studies on the effect of dietary fat on MS
risk dates back to 1950 in Norway (28). It was shown
that during progression of neuroinflammatory and
neurodegenerative diseases such as MS, the myelin
around the axons with lipid composition is influenced,
so the intake of fatty acids was suggested as a factor
that can affect the progression of the disease. It seems
that a correlation between the increase in circulating
total cholesterol levels, LDL-cholesterol, oxidized
LDL and apolipoprotein B with adverse outcomes of
the disease may exist (29) that were documented by
consumption of saturated fatty acids, mainly from
animal fat products regarding the mortality of MS
disease (30).

In this relation, the neuroprotective effect of
polyunsaturated fatty acids was demonstrated
and was shown that polyunsaturated fatty acids

inhibited the production of IL-1, IL-2, and TNF
affecting the progression of the disease (31, 32).
Therefore, Roy Swank developed a low-saturated
fat diet pattern and exhibited that increased
consumption of fat especially from meat and dairy
sources would be associated with a higher incidence
of MS (33). He suggested consumption of 20-30 g
of fat per day that was later revised to <20 g of
saturated fat (33) and again to <15 g would not lead
to adverse events (34). Swank also reported that 5
g of cod liver oil, 10-15 g vegetable or fish oil, with
one egg, multivitamins, whole wheat bread and
fish >3 times per week would have neuroprotective
effects and inhibit the progression of MS disease
(35). Later, he increased oil consumption to 40-
50 g per day in a diet consisted of an additional
10 g of fat from other sources such as bread with
beneficial outcomes for patients with MS disease
(35). His findings were later presented in a book
entitled “Multiple Sclerosis Diet” (36). He also
found that in patients who were diagnosed with
relapsing remitting MS and were treated with a
low saturated fat diet, exacerbations would be less
frequent and less severe (37).

Base on Dietary Guidelines for Americans,
monounsaturated and polyunsaturated fat in
amounts within an individual’s energy needs were
recommended for patients with MS disease (24)
as they are good sources of essential fatty acids,
energy and vitamin E for weight maintenance
(24). Institute of Medicine reported a dietary
reference intake as an Acceptable Macronutrient
Distribution Range (AMDR) for the total fat intake
that should cover 20-35% of the energy (38). Later,
the European Society for Parenteral and Enteral
Nutrition (ESPEN) guideline for clinical nutrition
in neurology suggested foods to be lower in saturated
and higher in polyunsaturated fat for prevention of
MS disease. In this guideline, omega-3 supplements
were not suggested for patients with MS to reduce
the disease relapse (39). It was shown that saturated
fats can increase the translocation of endotoxins into
the blood stream and activate the innate immune
system and inflammatory cytokines that can affect
MS related symptoms (40).

It was demonstrated that adequate amounts of
polyunsaturated fatty acids incorporated into the
neuronal cell membranes can protect neurons from
the cytotoxic action of TNF via enhancement of
the number of insulin receptors, because insulin
secretion can silence the neurotoxic signal of TNF
(41). So a high intake of omega-3 polyunsaturated
fatty acid, particularly from fish sources was
shown to significantly decrease the risk of CNS
demyelination (42, 43). Lipoic acid as a nutritional
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supplement can play an important role in normal
mitochondrial function and stabilizing the integrity
of the blood-brain barrier (BBB) in animal model
of experimental autoimmune encephalomyelitis
(EAE) due to its antioxidant, anti-inflammatory
and immunomodulatory properties (44, 45). In
mild inactive MS patients, a significant decrease in
eicosapentaenoic acid (EPA), and a rise in dihomo-
gammalinolenic and stearidonic acids in red blood
cells were noted without any detectable EPA in
adipose tissue and docosahexaenoic acid (DHA) in
red blood cells and adipose tissue and reduction in

linoleic acid (46).
In inflammatory, autoimmune and
neurodegenerative  disorders such as MS,

polyunsaturated fatty acids, especially omega-3
fatty acids can have beneficial effects (47, 48). In
these patients, fish oil can reduce the nitric oxide
and cytokine levels due to its anti-inflammatory and
neuroprotective properties (49). Fish oil supplemented
with vitamins in newly diagnosed MS patients was
demonstrated with conflicting results either improving
the clinical outcome of the disease (50) or without
any significant difference (51). These discrepancies
may be due to variation in criteria applied for patient
selection (clinical subtype of MS), and in disability
scores at the start of the study (52).

In relapsing remitting MS, consumption
of unsaturated fatty acids in hemp seed and
evening primrose oils for 6 months was shown
to significantly improve the score of Expanded
Disability Status Scale (EDSS) (53). Identical
findings were also reported in MS patients
supplemented with eicosapentaenoic acid and DHA
provided from fish oil (51). The obtained results
may be due to immunomodulatory effects of n-3
polyunsaturated fatty acids e.g. in (Mediterranean
diet) and the significant decrease in proinflammatory
cytokines such as IL-1B3, IL-2 and TNF-a and
proinflammatory eicosanoids such as leukotriene
B4 and prostaglandin E2 in MS subjects (52, 54).

The anti-inflammatory property of cod liver oil
was demonstrated before leading to a lower risk
of developing MS because cod liver oil is a rich
source of vitamin A and D, EPA and DHA (33, 55,
56). Swank estimated consumption of DGA HEP
oil for 1600-3200 kcal diets to lower the risk of
disease in MS patients (57). He suggested the intake
of saturated fat to be <15 g per day from meat and
dairy sources and mono and polyunsaturated fats in
amounts of 20-50 g per day based on energy needs
by consuming olive, safflower, sunflower, soybean,
sesame, canola, flaxseed, cottonseed, linseed, and
peanut oils in the diet to reduce the risk of disease
in MS patients (58).

High Fiber Diets and MS

The health benefits of high fiber diets in reduction
of the risk of obesity, type 2 diabetes, colon

cancer, stroke, and cardiovascular diseases have
led to the widely recommendation of high fiber diets. It
was shown that high fiber diets can increase the blood
levels of circulating butyrate as a multi-functional
molecule affecting directly on the CNS function.
Butyrate was demonstrated to have significant
pharmacological and dietary potential as a therapeutic
for the brain (59).There are no specific fruits and
vegetables recommendations for patients with MS
beyond the Dietary Guidelines for Americans (DGA),
however, the risk for relapse decreased by 50% when a
cup of vegetables is added (60). Ghadirian et al. (1998)
showed the protective effect of some nutrients, such
as vegetable protein, dietary and cereal fibers (61). In
contrast, Zhang et al. (2001) reported no correlation
between intake of fruits and vegetables, and the risk
of MS in women (62).

Consumption of more non-starchy vegetables,
resistant starch and soluble fibers together with
fermented foods were suggested to reduce
constipation, as a common symptom in patients
with MS (63). Dark-green leafy vegetables are
excellent sources of vitamin K and carotenoids that
are involved in sphingolipid metabolism, enhanceing
remyelination, cell membranes, and oligodendrocyte
precursor cells (64). The Carotenoids in dark-green
leafy vegetables are precursors to retinol (vitamin
A) that improve the balance between Thl7 cells
and T Regulatory cells and are considered an
important target in control of MS disease activity
(65). Vegetables such as cabbage, onion and
culinary mushrooms are rich sources of organic
sulphur that can protect from neuroinflammation
and/or neurodegeneration and result in favorable
immunomodulation (66).

Deeply pigmented vegetables have higher
polyphenol and antioxidant contents (67) that
have anti-inflammatory and immune modulating
properties (68) and can decrease the risk of
cognitive decline (69), and neurodegeneration
(70). Consumption of white fruits and vegetables
including potatoes, bananas, apples, and pears is
discouraged in patients with MS (71). White potatoes,
tomatoes, eggplant and peppers as members of the
nightshade (Solanaceae) family contain lectins and
alkaloids, that can crossreact with autoantibodies and
increase the disease activity (72). So elimination of
nightshades may decrease inflammation and reduce
brain symptoms (72).

As increased intestinal permeability occurs in
MS, consumption of large amounts of lectins can
damage the gut lining and increase the intestinal
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permeability, thus permitting bacterial fragments
such as lipopolysaccharide (LPS) and incompletely
digested food proteins to enter the blood stream and
trigger an immune response potentially culminating
in MS disease (73). Vegetables and fruits plus a low
fat diet and starchy foods such as grains, tubers,
and legumes were advocated in MS patients (74).
Legumes including soymilk, soybeans, green
beans, dried beans, peas, peanuts are allowed as a
Swank diet if they are counted towards the daily
oil allowance, but they are excluded based on the
WahlsElim diet and are also typically avoided on
a Paleobecause of the high amounts of lectins (75).

There are not enough evidences to assess the
effect of gluten on MS (76). The ESPEN does
not currently recommend a gluten-free diet for
prevention of MS (39). Whole grains were shown
to be good fiber sources and beneficial for MS
patients (17). In MS patients, it was shown that
individuals in the top quintile of whole grain intake
had lower odds of severe disability than individuals
in the lowest quintile (77). Swank did not suggest
avoidance of seaweed or algae intake as they are
low in saturatedfat and would not be contraindicated
on the diet (78). Yeast has a low saturated fat and
is permittedin a Swank diet, but is not suggested
regularly. A glassof skim milk with one tablespoon
(9 g) nutritional yeast as an afternoon snack has been
allowed. Regular consumption of nutritional yeast
is recommended in WahlsElim diet to promote the
Bvitamin content of the diet (36).

Protein Intake and MS

There are no specific protein recommendations
for patients with MS (79). Meat and fish are suggested
as they contain all essential amino acids, while most
other sources of protein such as grains, legumes,
dairy, and eggs are removed from the diet (80).
Grass fed and finished meats, wild game and caught
fish and shellfish are rich sources of omega-3 fatty
acids and are encouraged to increase the intake of
EPA and DHA (81). Organ meat diet consumption
is encouraged, especially for liver to increase
nutrient intake and prevent deficiency as they are
excellent sources of B vitamins, vitamins A and D,
phosphorus, zinc, selenium, copper, manganese,
retinol which are important in bone metabolism,
immune cellfunction, cell differentiation, choline
and coenzyme Q10 (82). Fat-free and low-fat dairy
products included in the DGA (24) are good sources
of calcium, vitamin D, potassium and vitamin A
and their roles in the development and treatment of
MS are unclear (17). A recent study in MS patients
denoted to the reduced risk for MS with low-fat dairy
consumption > five times per week (83), but there

may be allergic responses to milk consumption with
saturated fat in patients with MS (84). Ghadirian
et al. (1998) showed the protective effect of some
nutrients, such as vegetable proteins too (61).

Multivitamins and Minerals and MS

Vitamin D, provided from ultraviolet B rays
in the skin, is the other factor with an important
role in calcium homeostasis, bone health,
immunomodulatory effects and reduction in markers
of oxidative stress (85). The results of vitamin D
supplementation in MS patients have still been rather
inconsistent with both positive (86) and no-effect
results after supplementation (87). The deficiency of
this vitamin D happens in majority of MS patients
with seasonal variations and with an inverse
association between serum vitamin D level and the
seasonal risk of MS relapse (88). The combined effect
of vitamin D supplementation, calorie-restriction, a
semi-vegetarian diet and other dietary supplements
(fish oil, lipoic acid, omega-3 polyunsaturated
fatty acids, resveratrol and multivitamin complex)
was shown without any significant changes in
neurological signs of MS after 6 months (89).

Swank has suggested use of multivitamins A, D, C
and B complex in the disease (33). He recommended
1000 mg vitamin C and 400 IU vitamin E, because
of the antioxidant properties preventing the oxidation
of unsaturated fats (36). WahlsElim supplemented
multivitamins and minerals without any iron
because an iron excess resulted in a higher risk of
neurodegeneration (90). In MS patients, vitamin D
levels <40 ng/mL lead to a higher risk of relapse and
enhancing lesions (91). ESPEN has suggested intake
of sufficient vitamin D for prevention of MS (39).
Swank recommended vitamin D supplement in cod
liver oil and in multivitamin capsules. In WahlsElim
diet, 5000 IU of vitamin D3 has been suggested (91).
The restriction of salt consumption to improve MS
disease course is still controversial (92). Na intake
in humans was not shown to be predictive of MS
disease activity (93). Swank did not specifically
suggested the use or restriction of salt, however, cola
soft drinks were restricted to 491 g/day because of its
Na content (36). Salt was not restricted in WahlsElim
diet, but Paleo diets are typically lower in Na (94).
Ghadirian et al. (1998) showed the protective effect of
some nutrients, such as thiamine, riboflavin, vitamin
C, calcium, and potassium (61).

Calorie and MS

Obesity during childhood was mentioned to
increase the risk of developing MS and the risk of
brain volume loss (95). Individuals with MS may
also be at risk when they have difficulty consuming
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adequate energy and nutrition (39). An increased
risk of MS was noted with high energy and animal
food intake (61). Swank found that MS patients lost
weight because of reduced energy intake and the
underweight patients achieved better outcomes (33,
35). Regarding sweeteners that are associated with
unhealthy blood lipid levels, they increase dietary
energy, carbohydrate and glycemic index, but are
low in micronutrients (96). DGA has encouraged
limited sugars to <10% of energy (24) to prevent
excess energy intake. Swank suggested limitation
in high sugar foods such as sugar, jelly, honey,
and maple syrup as they can increase nervousness
(36). Artificial sweeteners are inhibited as they can
disrupt the microbiome, decrease satiety and result
in weight gain (97).

Alcohol and MS

There are no specific alcohol recommendations
for patients with MS. The DGA maximum alcohol
intake for adults in women was recommended one
drink per day and for men two drinks per day (24)
In patients with MS, alcohol intake of >3 glasses
red wine or >4 drinks per week was associated with
more brain lesions, but with reduced disability and
disease severity scores (98). Regular consumption
of alcohol was demonstrated to be associated with
reduced disability progression in individuals with
relapsing-remitting MS, but not progressive form of
disease (99). Swank suggested a maximum of one
alcoholic beverage per day (58).

Caffeine and MS

No specific caffeine intake guidelines have
been recommended yet for patients with MS (100).
Swank restricted caffeine intake to three cups per
day because of anxiety and nervousness observed
in MS patients which exacerbated other MS-related
symptoms and personal relationships (36).

Conclusion

Nutrition as simple and relatively low risk dietary
intervention methods has an important role in
improving outcomes in patients with MS. However,
more long term and well defined studies are needed
to confirm the effectiveness of diet to reduce severity
and duration of relapses, the rate of progression
and the deterioration to lower relapse rate. It seems
that foods rich in fibers, supplementation with
lipoic acid and vitamin D and a decrease in intake
of saturated animal fats may be beneficial in MS

patients.
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