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ABSTRACT

Nutrition is considered to be a possible factor in the pathogenesis of the neurological disease multiple sclerosis (MS). Nutrition intervention

studies suggest that diet may be considered as a complementary treatment to control the progression of the disease; a systematic review of the

literature on the influence of diet on MS was therefore conducted. The literature search was conducted by using Medlars Online International

Literature (MEDLINE) via PubMed and Scopus. Forty-seven articles met the inclusion criteria. The reviewed articles assessed the relations between

macro- and micronutrient intakes and MS incidence. The patients involved used alternative therapies (homeopathy), protocolized diets that

included particular foods (herbal products such as grape seed extract, ginseng, blueberries, green tea, etc.), or dietary supplements such as

vitamin D, carnitine, melatonin, or coenzyme Q10. Current studies suggest that high serum concentrations of vitamin D, a potent

immunomodulator, may decrease the risk of MS and the risk of relapse and new lesions, while improving brain lesions and timed tandem

walking. Experimental evidence suggests that serum vitamin D concentration is lower during MS relapses than in remission and is associated

with a greater degree of disability [Expanded Disability Status Scale (EDSS) score >3]. The findings suggest that circulating vitamin D

concentrations can be considered a biomarker of MS and supplemental vitamin D can be used therapeutically. Other studies point to a negative

correlation between serum vitamin B-12 concentrations and EDSS score. Vitamin B-12 has fundamental roles in central nervous system function,

especially in the methionine synthase–mediated conversion of homocysteine to methionine, which is essential for DNA and RNA synthesis.

Therefore, vitamin B-12 deficiency may lead to an increase in the concentration of homocysteine. Further research is clearly necessary to

determine whether treatment with vitamin B-12 supplements delays MS progression. Adv Nutr 2017;8:463–72.
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Introduction
Multiple sclerosis (MS)7 is a chronic inflammatory autoim-
mune disease of the central nervous system. The fact that
its etiology is unknown may be partially attributed to its mul-
tifactorial nature. The role of nutritional factors in MS path-
ogenesis is still unclear, and the effect of nutritional intervention
on inflammatory status and wellness in patients with MS has
not been associated with any dietary pattern (1).

Reviews before 2005 showed that any possible relations
between diet and MS were not subjected to adequate study,
and the results that were available generally concerned mac-
ronutrients. However, it is now known that the intake of
SFAs of animal origin must be controlled to avoid the in-
crease in inflammatory processes in MS (1). There has
been renewed interest among MS researchers in the thera-
peutic potential of a low-fat diet and PUFA supplementa-
tion, which may have some beneficial effects in the disease
(2). A high BMI before the age of 20 y has been associated
with a significantly increased risk of MS (1).

The role of minerals, trace elements, antioxidants, and vi-
tamins, which has received increased attention in the past
decade, is unclear. For example, an increased risk of MS in
patients with vitamin D insufficiency may explain the strong
latitude gradient in MS prevalence. Higher vitamin D
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08/1259, 11/01791, and 14/00636; Red Predimed-RETIC RD06/0045/1004; and CIBEROBN
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concentrations appear to slow disease progression (3). It is
still unknown whether dietary antioxidants have additional
biological properties beyond simple antioxidant activity in
MS. The reason for using antioxidants in MS and other au-
toimmune and inflammatory diseases is based on the obser-
vation that oxidative stress is one of the most important
components of the inflammatory process, leading to the
degradation of myelin and axonal damage (4). A recent study
showed that nutritional intervention with anti-inflammatory
foods and dietary supplements decreased the biological
synthesis of proinflammatory compounds andmade immuno-
modulatory drugs more effective, which improved the well-
being of patients with MS (1).

Clinicians recommend that patients with MS, as well as
individuals in general, should adopt a healthy diet, because
studies have pointed to the protective function of given di-
etary patterns (5). Dietary habits that diminish MS symp-
toms may be considered as complementary treatments of
MS. Likewise, further knowledge on the effects of possible
harmful dietary habits could help prevent chronic states of
inflammation and avoid worsening of the disease (6).

It is commonly accepted that nutrition is one of the pos-
sible environmental factors involved in the pathogenesis of
MS, but its role as a complementary MS treatment is unclear
and, to a large extent, ignored (7). Despite this, there are
many patients who frequently use alternative therapies,
diets, and dietary supplements (8–10). The aim of this study
was to systematically review the literature published in the
past decade (2005–2015) with regard to the influence of
diet on MS.

Methods and Results
A systematic literature search was performed that covered
publications up to September 2015. The databases used
were Medlars Online International Literature (MEDLINE)
via PubMed and Scopus. The Medical Subject Headings
(MeSH) dictionary in PubMed was used to identify the key-
words needed in the search. The terms used were “multiple
sclerosis” [Major] AND (“diet” [MeSH] OR “intake”
[MeSH] OR “nutrition” [MeSH] OR “food” [MeSH]). In to-
tal, 2839 articles (967 via PubMed and 1872 via Scopus) were
selected (Figure 1). The selection was made by reading the
title or abstract (carried out by MJB). Review articles, system-
atic reviews (1 article), duplicates (2 articles), and articles
that did not meet the selection criteria were excluded. The se-
lection criteria (3) consisted of articles on randomized trials,
observational and experimental studies, dietary patterns that
compared a specific dietary intervention, and diet plans or
dietary supplementation with no dietary modification or
placebo published between 2005 and 2015. Articles in languages
other than English and Spanish were excluded.

In total, 314 articles (237 via PubMed, and 77 via Scopus)
were selected for more detailed study. If the summaries did
not contain sufficient data, a review of the full article was
carried out to determine whether it met the inclusion crite-
ria. Studies involving animal experiments or “in vitro” clin-
ical trials, studies with a sample size <5 subjects, articles that

reported on pharmacologic treatment, those that did not use
validated methods to assess dietary intake, those addressing
other neurological or autoimmune diseases, and those re-
lated to nonfood risk factors, such as additives or environ-
mental contaminants, were excluded. After this process,
267 articles were rejected and 47 articles were chosen for re-
view and discussion. Full-text articles were assessed by 2
of the authors (MJB and MM-T). Any disagreement was
resolved by $2 of the reviewers (MAM, AMJ-M, MMB,
and JAT).

The characteristics of the studies selected are shown in
Table 1 (5, 8–53), where they are grouped according to
diet, FAs, or vitamins. Table 1 also provides a description
of the 47 studies selected for this review, including the refer-
ences, the method used, country, date of the survey, number
of patients, sex, and age range. All of the articles were pub-
lished between 2005 and 2015. The sample sizes varied from
9 (26) to 2303 (24) and included a higher number of women
than men, although some studies did not report this fact. Of
the 47 studies, 14 were European, 13 Iranian, and 9 were
from the United States.

We reviewed 27 clinical trials and 20 observational studies.
Most of the clinical trials had a control group. Population
studies were supported by observational cohort studies,
such as the Nurses’ Health Study and the Nurses’ Health
Study II, and by self-administered questionnaires.

Diets
Seventeen of the articles reviewed referred to the character-
istics of the patients’ diet with regard to nutrients, malnutri-
tion, or etiology (Table 1). Thirteen were observational
studies and only 4 were clinical trials (16, 18, 19, 21). Six ar-
ticles assessed the intake of macronutrients (5, 10, 11, 14–
16), 1 study assessed the seasonal variations in intake (23),
and 3 studies analyzed the use of alternative therapies to-
gether with diets and dietary supplements (8–10).

Dietary pattern and energy and nutrient intakes. Saka
et al. (20) reported that the daily mean energy intakes of pa-
tients with MS were 2730 6 841 kcal in men and 1967 6
647 kcal in women. The total energy intake percentages of car-
bohydrates, protein, and fat were 46.9%, 14.6%, and 38.4%, re-
spectively. Mohammad-Shirazi et al. (15) observed that protein
and carbohydrate intakes in the studied population were less
than recommended compared with DRIs, whereas their daily
intakes of total and saturated fat were higher than reference
values. Their intakes of polyunsaturated fat and dietary fiber
were less than recommended (15). It has also been shown
that a dietary pattern high in animal fat, meat products,
hydrogenated fat, and sugars and low in whole grains was
related to a higher prevalence of MS (13). This suggests a
protective role for the consumption of fruit and vegetables
and healthy fats and restricted meat consumption and
important associations between healthy dietary habits and
better physical and mental indicators (Multiple Sclerosis
Quality of Life-54), accompanied by a lower level of disability
(5, 11). Data from prospective studies in women (Nurses’
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Health Study, Nurses’Health Study II) between 1986 and 1998
concerning lifestyle and medical conditions and another
observational study conducted in 2005 showed no difference
in alcohol consumption between the studied patients with MS
and the general population (14, 17).

Seasonal variations. There is some evidence that individ-
uals born in autumn have the lowest risk of developing
MS, whereas those born in spring show the highest. It
was suggested that seasonal changes in nutrient intake dur-
ing pregnancy might affect fetal development at the cellular
level and thus impact on the development of MS in later life
of the offspring. Dietary data during pregnancy collected
over 2.9 y by means of dietary questionnaires showed that
the intakes of zinc, selenium, b-carotene, and vitamin C
were lower in the summer. Individuals born in the spring
would have been conceived in summer, which could explain
the increased incidence of MS in those born during this sea-
son (23). The influence of lower intakes of certain micronu-
trients such as magnesium, calcium, and iron, as well as a
high intake of sodium, may be related to the progression
and activity of the disease in patients with secondary pro-
gressive MS (12, 18).

Malnutrition and clinical analysis. Patients with MS
have a markedly lower mean BMI (a malnutrition indicator)
than the recommended range, despite low levels of physical
activity. This could be related to changes in metabolism after

the onset of disease or muscular atrophy as a result of re-
duced muscle activity resulting from neuronal impairment
(17). The prevalence of chronic malnutrition, based on a se-
rum albumin <3.5 mg/dL, was 11.8% in patients with MS
and only 2% in patients suffering other chronic diseases (22).

Clinical analyses have also been used to identify potential
markers of the disease. It was found that patients with MS
in a phase of clinical stability showed higher blood concen-
trations of total homocysteine and HDL cholesterol and
lower blood concentrations of vitamin E and a lower vita-
min E–to-cholesterol ratio (21).

Dietary supplements. Food supplements or dietary inter-
ventions in patients with MS are used frequently (64.7%
of cases), with vitamins (81.8%), essential FAs (80.7%)
and minerals (62.5%), and other herbal products such as
blueberries, grape seed extract, ginkgo biloba, ginseng, St.
John’s wort, and valerian being used. Patients who consume
supplements have more balanced diets (9). Patients with MS
showed improved muscle metabolism and resistance to fa-
tigue during moderate exercise if they consumed green tea
catechins (16). There was no association between caffeine
intake and MS risk (14). Other studies reflect the growing
interest in alternative therapies such as homeopathy and ac-
upuncture; the use of supplements such as coenzyme Q10,
carnitine, and melatonin among others; and/or special diets,
some of which are too restrictive for the health of the pa-
tients concerned (8–10).

FIGURE 1 Flow diagram
showing the literature search.
MS, multiple sclerosis.
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FAs
Seven of the reviewed articles assessed the effect of PUFAs
on MS: 2 were observational studies, and 5 were clinical
trials (Table 1 and Table 2). The intakes of SFAs and hydro-
genated FAs from food must be controlled to avoid any in-
crease in the MS inflammatory process (Table 1). A low-fat
diet with antioxidant supplementation led to significantly
lower C-reactive protein concentrations than did placebo.
The oxidative stress and inflammatory markers 8-iso-
prostaglandin F2a (8-iso-PGF2a) and IL-6 also decreased
after dietary intervention, whereas catalase activity in-
creased. These results suggest that diet and dietary supple-
ments of long-chain omega-3 PUFAs, such as EPA and
DHA, may modulate cell metabolism and MS-related in-
flammatory processes (26, 29).

A low-fat diet supplemented with v-3 FAs decreased the
rate of relapse and reduced fatigue (30) by#60% (24), gen-
erating significant improvements in the Expanded Disability
Status Scale (EDSS) and also decreased the risk of develop-
ing the disease (28). This was also observed when the diet
was enriched with vitamins A and E (27). The consumption
of sources of long-chain PUFAs when exposure to sun is low
can offer protection against the risk of MS: for example, the
intakes of sesame seeds, hemp, and/or evening primrose oil,
cod liver oil, or fish $3 times/wk during childhood and ad-
olescence (25, 28).

Vitamin D
Of the 16 articles that reported on vitamin D, 11 were clin-
ical trials and 5 were observational cohort studies (Table 1).
Vitamin D concentrations may be influenced by bioavaila-
bility, metabolic and/or functional disorders, or even low
sun exposure. A low vitamin D intake or low exposure to
sunlight, its most important source, has been associated
with a high risk of developing MS, as well as worsening of
the disease and an increased risk of relapses (40). Indeed,
the geographical distribution of the disease is usually associ-
ated with a reduced availability of vitamin D through low
sun exposure. Serum concentrations of vitamin D were sig-
nificantly lower in patients with MS than in healthy subjects.
Vitamin D deficiency is considered to be a risk factor for MS
(35, 38). The studies reviewed analyzed this risk by deter-
mining vitamin D serum concentrations or administering
this vitamin to patients in order to observe any possible ben-
eficial effects (Table 2).

Several studies, such as that by McDowell et al. (36), suggest
that the contribution of this vitamin through diet is condi-
tioned by the season of birth and sun exposure in childhood
and adolescence. One study showed the protective effects of
milk consumption. The risk of MS in offspring may decrease
if pregnant women consume 2–3 glasses of milk/d (37),
although a study byMunger et al. (39) concluded that the intake
of whole milk, an important source of dietary vitamin D, was
associated with an increased risk.

The influence of vitamin D amounts in the diet are asso-
ciated with serious clinical disease activity (relapse, fatigue,
disability) (36, 45), because concentrations were observedTA
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to be lower in patients suffering relapses than during remis-
sion in 70% of MS cases (41). However, Langer-Gould et al.
(34), in a study carried out during pregnancy and post-
childbearing, showed that low vitamin D concentrations
were not associated with an increased risk of postpartum
MS relapses.

MS is a possible cause of secondary osteoporosis, and
these is a consensus in the literature that vitamin D supple-
mentation may be useful for the prevention and treatment
of this disorder. When patients with MS received high doses
of vitamin D as treatment for the illness (40), it was seen to
play an important role in maintaining bone health by pre-
serving calcium and phosphorus homeostasis (40, 44, 45).

The vitamin D doses used varied considerably between the
different studies reviewed. The outcomes were a function of the
intervention system: some of the studies analyzed increases in
blood concentrations of vitamin D and found them to be cor-
related with relapses, fatigue, and EDSS score (31–33, 41, 42,
46); and some analyzed the MRI results in a search for new in-
juries or the progress of existing ones (31, 33, 41, 42, 46). Other
articles looked at tolerance to the high vitamin D doses admin-
istered or the duration of the treatment, although neither hy-
percalcemia risk nor hypercalciuria was observed (33, 40).

Kampman et al. (32) showed the immunomodulatory ef-
fects of vitamin D combined with different forms of drugs,
such as IFN-b, on processes related to disorders of oxidative
and inflammatory metabolism. The oral administration of
vitamin D acts through various mechanisms, such as anti-
inflammatory and immunomodulatory mechanisms, in
the inhibition of CD4+ T cells that regulate the immune sys-
tem (40). The re-establishment of optimal concentrations of
vitaminD should be considered as part of MS clinical manage-
ment because of its role in oxidative and anti-inflammatory
metabolism (41, 45).

Other vitamins and antioxidants
Seven studies, all clinical trials, showed the influence of other
vitamins and antioxidants (Table 1). The studies sought a di-
rect association between blood concentrations of these vita-
mins and MS or significant differences between the dietary
intake of foods rich in vitamins and their use as a supplement
for the clinical treatment of the disease. Two articles referred
to vitamin A (47, 53), 3 studies showed the effects of vitamin
B-12 (50–52), and 1 studied the intake of vitamin-rich and
antioxidant-rich foods (48). One article looked at the bene-
fits of the coenzyme of a-lipoic acid for its cytokine profile
and its use as an antioxidant (49).

Vitamin B-12 deficiency is associated with MS due to its
role in the formation of the myelin sheath, in addition to its
immunomodulatory effect (50). Several studies have shown
that plasma concentrations of vitamin B-12 and folate de-
creased in patients with relapsing-remitting MS, but homo-
cysteine concentrations increased significantly (20, 51).
Other authors claimed that there was no correlation be-
tween vitamin B-12 deficiency and the timing of the onset
and duration of MS symptoms and the disability types
generated (52).

On the other hand, Bitarafan et al. (47) determined that
treatment with vitamin A improved cognitive ability and
countered disability in the upper extremity of the trunk,
measured on the Multiple Sclerosis Functional Composite
scale, but did not change the EDSS score, which measured
neurological disability. Another study showed the effects of
vitamin A on the gene expression of negative modulators
of regulatory autoimmune T cells and suggested that vita-
min A supplementation may represent a new approach for
MS prevention and treatment (53).

A randomized, double-blind, controlled clinical trial
conducted by Khalili et al. (49) suggested that lipoic acid

TABLE 2 Dose and duration of clinical trials with PUFA and vitamin D administration1

Study, year (ref) Dose Duration Effect

PUFAs
Weinstock-Guttman et al., 2005 (30) 3.30 g v-3 FAs/d 12 mo Decrease in relapse rates and reduced fatigue
Shinto et al., 2009 (29) 4.8 g v-3 FAs/d 3 mo Immunomodulatory efficacy for regulating

MMP-9 concentrations in MS
Mauritz et al., 2013 (26) 200 mg antioxidants/d in a low-fat diet 1.5 mo Decreased oxidative stress, C-reactive protein,

and other inflammatory markers
Pantzaris et al., 2013 (27) 19.5 mL

PUFAs + g-tocopherol/d
30 mo Decreased annual relapse rate and disability

progression
Rezapour-Firouzi et al., 2013 (28) 18–21 g PUFAs/d 6 mo Decrease in proinflammatory (IL-17) and

increase in anti-inflammatory cytokines
Vitamin D
Wingerchuk et al., 2005 (46) 1000 IU/d 48 wk Decrease in exacerbation rate; improvement

in brain lesions (MRI)
Kimball et al., 2007 (33) 4000–40,000 IU/d 28 wk Decreased number of brain lesions (MRI)
Smolders et al., 2010 (40) 20,000 IU/d 12 wk Immunomodulatory efficacy in MS
Steffensen et al., 2011 (43) 2800 IU/d 96 wk No prevention of bone loss in MS population
Dörr et al., 2012 (31) 200–10,200 IU/d 72 wk Immunomodulatory efficacy in MS
Kampman et al., 2012 (32) 2800 IU/d 96 wk No effect
Soilu-Hänninen et al., 2012 (42) 2800 IU/d 12 wk Reduced new lesions and improved timed

tandem walk
Toghianifar et al., 2015 (44) 7000 IU/d 12 wk Improved inflammatory response

1 MMP-9, matrix metalloproteinase 9; MS, multiple sclerosis; ref, reference.
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consumption by patients with MS improves total antioxi-
dant capacity but does not affect other markers of oxidative
stress. However, Hejazi et al. (48) did not detect significant
differences between patients with MS and healthy controls
in serum concentrations after the intake of antioxidant-
rich foods (vitamins C and A and folate) and vitamin D.

Conclusions
MS therapy cannot be firmly associated with a particular diet
due to the paucity of information on the effects of nutrition
on this disease. Conclusions are sometimes limited due to
the small number of subjects, and some studies used only a
questionnaire on food intake. Even the EDSS test used in the
majority of studies is not precise when determining disability
and relapse rates.

Although there is no scientific evidence, to our knowl-
edge, to recommend a specific diet, there is sufficient evi-
dence to recommend the consumption of $1 food such as
fish, low-fat foods, and whole grains, as well as the use of
vitamins or v-3 FAs as dietary supplements. A limited
amount of data exists with regard to the beneficial effect
of carotenoids and polyphenols from vegetables in patients
with MS (1). Other bioactive molecules might have anti-
inflammatory effects due to their antioxidant properties
and activity against oxidative stress (49). However, there
is sufficient evidence to state that vitamin D deficiency
in serum is a risk factor for MS and therefore a potential
biomarker of MS (36, 37). In addition, other studies
showed a negative correlation between serum vitamin
B-12 concentration and EDSS score. Vitamin B-12 has
fundamental roles in central nervous system function, es-
pecially the methionine synthase–mediated conversion of
homocysteine to methionine, which is essential for DNA
and RNA synthesis. Therefore, vitamin B-12 deficiency
can lead to an increased concentration of homocysteine.
Further research is necessary to determine whether treat-
ment with vitamin B-12 supplements delays disease
progression.

Diets or alternative therapies cannot replace conventional
treatment in patients with MS, but a healthy nutritional in-
tervention is well accepted by patients with MS and may
ameliorate their physical and inflammatory status. The find-
ings that particular components of the diet can influence the
degree of the inflammatory response suggest that an appro-
priate nutritive intervention may improve the course of MS
and may be considered as a possible complementary treat-
ment in the disease.

Future prospects in MS research should clarify the benefit
(or lack thereof) of vitamin D intake from an early age to
assess whether the vitamin is an immune- and disease-
modulating compound that should be considered as part of
MS clinical management. The relation between MS and vita-
min A, folate, and vitamin B-12 in the formation of myelin
should also be studied.
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