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Abstract

Multiple sclerosis (MS) is chronic idiopathic inflammatory demyelinating disease that causes
neurological disability in young adults. Etiology of the disease is still unknown, but it has an
immune-mediated basis and occurs in genetically susceptible individuals. Nutritional status and
dietary habits in MS patients have not been extensively studied or reported, however individual
findings suggest that many patients suffer from various forms of malnutrition. In patients with
MS, malnutrition has been associated with impairment of the immune system; it affects mental
function, respiratory muscle strength and increases a risk of specific nutrient deficiencies. These
findings emphasize the need for nutritional support in MS patients. On the other hand, several
nutritional compounds have been investigated as a possible treatment in MS, mostly
polyunsaturated fatty acids and vitamin D, however their role in the treatment is yet to be
confirmed. The aim of this review is to present data on the role of nutritional assessment and

treatment in patients with MS.



Introduction

MS is a chronic idiopathic inflammatory demyelinating disease that causes neurological
disability in young adults, especially women, typically striking between 20 and 40 years of age
(1). Etiology of the disease is still unknown, but it has an immune-mediated basis and occurs in

genetically susceptible individuals.

Patients with MS suffer from different types of malnutrition which is often unrecognized causing
fatigue and worsening the major symptoms. On the other hand, the majorities of MS patients use
a different alternative therapy, which often includes special diets or dietary supplements in order
to improve their health with hope to recover. However, this therapeutic approach has not been
properly investigated (2,3).

The aim of this review is to present data on the role of nutritional assessment and treatment in

patients with MS.

Diet as a cause of MS

Dietary factors have repeatedly been suggested as a possible cause of MS, but without hard
evidence (3). For instance, influence of fat consumption has been studied since almost 50 years
ago (4). As a rational basis for the use of omega-3 and omega-6 fatty acids several
pathophysiological mechanisms were proposed, which included immunomodulatory effect,
effects on microcirculation and erythrocyte aggregation, antioxidant action, and also because of

their structural significance to the CNS as components of the myelin membrane (3,5,6).



Population-based epidemiological studies suggested an association between the incidence of MS
and the intake of saturated fat of animal origin; however findings were not confirmed by the
majority of the case-control studies (7-11).

A large number of different diet compounds were also associated with MS (3), sweets (7),
alcohol (9,12), smoked meat products (12), coffee and tea (10). However, none of the data were
confirmed with subsequent studies.

Due to possible effect of human milk on the development of brain white matter (13), duration of
breastfeeding was also investigated. Two retrospective studies investigated the role of breast-
feeding on the incidence of MS, but results of the studies were not conclusive (14,15).

Risk factor which has been mostly associated with MS is vitamin D, even since epidemiological
studies have found that MS prevalence increases from the equator to the poles (16,17). It has
been published that disease activity also varies with sunlight exposure and low serum levels of
25-hydroxyvitamin D (18,19). The benefits from vitamin D could either be due to its beneficial
effects on the nervous system or immune system regulation; there is data showing that vitamin D
regulates myelin production by the oligodendrocytes as well as other neuronal processes (20). In
particular, autoimmune diseases seem to be extremely sensitive to the availability of vitamin D
(21). Until now, there is only one study which has directly analyzed the risk of MS based on the
serum level of 25-hydroxyvitamin D before MS occurred (22). It was prospective, case-control
study among more than 7 million US military personnel, from which they recognized 257
patients with MS. Results showed that among whites risk for MS significantly decreased with
increasing levels of 25-hydroxyvitamin D (OR for a 50-nmol/L increase in 25-hydroxyvitamin
D, 0.59; 95% CI 0.36-0.97). The inverse relation with multiple sclerosis risk was particularly

strong for 25-hydroxyvitamin D levels measured before age 20 years. Among blacks and



Hispanics, who had lower 25-hydroxyvitamin D levels than whites, no significant associations
between vitamin D and multiple sclerosis risk were found.

In people with MS and animal models of MS, products such as peroxynitrite and superoxide are
formed that are highly toxic to neurons (23-25). Vitamins A, C, and E, may decrease free radical
induced cellular injury and this is the rationale for their use in MS (1). However, until now we do
not have evidence which support role of these vitamins in etiology of MS.

Diets high in gluten and milk are generally much more common in areas characterized by higher
MS prevalence (26). An association between MS and food allergies has been hypothesized for a
long time, but without clear scientific evidence of association. Recent study investigated whether
or not cow's milk allergy (CMA) influences the subsequent risk to develop MS in a population-
based cohort. Study showed that childhood CMA does not appear to be a risk factor for MS
(27). The other association was gluten sensitivity and MS. It has been proposed that antigliadin
antibodies have a role in MS and although some studies have found elevated levels of these

antibodies, differences were not significant (28-30).

Nutritional status in patients with MS

Malnutrition is a condition in which the body lacks sufficient nutrients to maintain healthy
functioning and is due to improper or insufficient diet (31). In patients with MS malnutrition has
been connected to impairment of the immune system, it affects mental function, respiratory
muscle strength and increases a risk of specific nutrient deficiencies (32). Such impairments are
clearly of clinical significance in MS as they contribute to existing symptoms, such as muscle

wasting and weakness, fatigue and muscle spasms (4).



Nutritional status and dietary habits in MS patients have not been extensively studied or
reported. Individual findings suggest that many patients suffer from various forms of
malnutrition including weight loss, obesity or vitamin deficiency (3).

Weight loss and cachexia are often present in patients with MS (33-35). However, its incidence
has not been determined and there is a paucity of information regarding its functional
consequences to the MS patients (4). Naturally, proportion of malnutrition and weight loss
increase with disability (37). Dysphagia, adynamia, and drugs potentially contribute to the
development of undernutrition in patients with MS (31).

Of course, food intake is the one of most important contributors to malnutrition. The diet habits
of patients with MS have not been properly investigated. Williams et al. examined 20 severely
disabled patients with MS and found that energy intake as well as consumption of folic acid,
iron, vitamin D and zinc is below recommended values (35). The other study, performed by
Timmerman and Stuifbergen, analyzed the food intake of women with MS over three days and
found that the patients consumed an inadequately small amount of carbohydrates, fibers, vitamin
E, calcium and zinc (38). In contrast, their intake of saturated fat, protein, vitamin A and C, folic

acid and iron was greater.

Weight gain and obesity have also been reported in MS (38,39). Hewson et al. showed high
incidence of overweight in MS patients (40% in women and 44% in men) (39). In a recently
preformed cross-sectional study on the prevalence of obesity in veterans with MS (n=4703)
slightly higher adjusted prevalence of overweight comparing to veterans in general was found
(42.3% vs. 39.6%, respectively) but prevalence of obesity was lower (20.1% vs. 33.1%) (40).

There are lots of factors contributing to overweight in patients with MS, including immobility



and subsequent low energy expenditure, steroids, anti-depressants, and an inactive daily life (3).
On the other hand, obesity and an unhealthy eating pattern can aggravate fatigue syndromes,
cause complications such as pressure sores or thrombosis, or may worsen disabilities already

existing (3).

Nutritional assessment in MS

In all patients with chronic illnesses evaluation of nutritional status is important. However,
thorough and detailed nutritional assessment in every patient is neither practical nor essential for
establishing accurate nutritional status. On the other hand, nutritional screening, if it is performed
by trained personnel, could recognize patients who are at nutritional risk and need detailed
nutritional assessment (41). For an overall picture of malnutrition a number of nutritional
screening tools can be helpful, for instance the Subjective Global Assessment (SGA) (42), Mini
Nutritional Assessment (MNA) (43), Malnutrition Universal Screening Tool (MUST) (44), and
Nutritional Risk Screening 2002 (NRS 2002) (45). These screening tools combine number of
questions with or without anthropometric measurements and helps to early identify patients at
risk for malnutrition. Great number of hospitalized and chronically ill patients is malnourished,
but despite this most physicians do not assess patient’s nutritional status or ensure nutritional
therapy (46).

Reports suggest that comprehensive nutritional assessment in patients with MS should be
compounded of (31): evaluation of nutritional status, which includes medical history (dietary,
medical, and medication), physical examination, anthropometric, body composition

measurements and laboratory tests; calculation of nutritional and energy needs; evaluation of



potential dysphagia; scheduling nutritional intake; and planning for the eventual occurrence of

complications.

Although not always a priority, it is important to obtain a thorough history before initiation of
nutrition therapy. A comprehensive history and review of systems that uncovers impediments to
deglutition and enteral absorption will identify a patient with impaired nutritional status (47).
Severe malnutrition can be easily detected by a physical examination, but mild to moderate
malnutrition can be more challenging to identify. A careful clinical examination provides useful
information to identify potential deficiencies. The examination includes assessment of patient’s
general condition which includes assessment of pallor, body fat stores, wasting of muscle mass,

edema, skin rash, thinning of the hair, and evidence of specific nutrient deficit (48).

Anthropometric measurements need to be part of evaluation of every chronically ill patient. The
measurement of anthropometrics is a convenient, inexpensive, noninvasive method for
evaluating short-term and long-term nutritional status (49). The most common anthropometric
measurement is body weight (50). Recent weight loss is a very sensitive marker of a patient’s
nutritional status and should be measured very frequently (51). Weight loss of more than 5% in 1
month or 10% in 6 months before hospitalization has been shown to be clinically significant
(52). Other measurements include height, triceps skinfold, and midarm circumference. Upon
anthropometric measures patients nutritional status can be evaluated, however, more optimal
nutritional indicator is body mass index (BMI) which aims to overcome the limitations of
changes in body weight and the need to compare it with expected normal values. Widely
accepted definition of malnutrition is BMI of less than 20 kg/m? and overweight as over 25

kg/m? (53).



Composition measurements are used to determine total body mass, fat body mass and muscle
mass. Body composition can be roughly estimated using combination of skinfold thickness and
midarm circumference, but today, more sophisticated methods such as dual-energy X-ray
absorptiometry, bio-electrical impedance analysis, computerized axial tomography and magnetic

resonance imaging and whole-body counting/neutron activation are used (54).

Laboratory tests are useful in the evaluation of patients who are at risk for nutritional disorders,
to confirm the nutritional assessment made by history and physical examination, to identify
nutritional deficiencies before clinical findings are evident, and to monitor recovery from
malnutrition (55). The most valuable studies in the assessment of nutritional status are the
complete blood count (hemoglobin, mean corpuscular volume, mean corpuscular hemoglobin,
lymphocytes) and serum albumin or prealbumin concentration. Laboratory values must always

be interpreted in light of the patient's history and physical examination.

Assessment of nutritional needs

Caloric need is determined by basal energy expenditure (BEE), level of physical activity,
variations in food intake and illness state (50). There are multiple formulations used to determine
a patient’s caloric needs. The most commonly used formula is the Harris-Benedict (50) equation
which combines weight, height and age. The daily recommended caloric intake is between 20
and 35 kcal/kg (actual weight) (31).

In patients who are well nourished and had relapsing remitting MS a “healthy diet” is

recommended which is in concordance with current healthy eating recommendations (56). The



aim is to maximize plasma levels of essentially fatty acids, antioxidants, folate and vitamin B12
and maintain a healthy gut function (4).

As disability progresses, dietary intervention must be pointed to the individual needs. Typical
symptoms that affect nutrient intake and nutritional status include: reduced mobility, fatigue,
tremor, poor sight, dysphagia, cognitive difficulties, depression, pressure sores and the side-
effects of drugs such as nausea, vomiting and diarrhea, dry mouth, weight gain and drug and
nutrient interactions (4). Nutritional support in dysphagic patients requires a multidisciplinary
approach, including a neurologist, nutritionist, dietician, speech and language therapist, and
nurse, in order to perform a comprehensive evaluation as well as to develop a rehabilitation and
education plan (31).

With or without dysphagia, if weight loss is progressive despite oral dietary intervention, the
suitability of artificial nutrition should be considered. This may take the form of a naso-gastric
feed as an interim measure, or a percutaneous gastrostomy (PEG) feeding regime (4). These can
improve nutritional status, reduce risk of aspiration pneumonia and pressure sores and minimize

the fatigue associated with feeding in MS (4).

Nutritional supplementation
Many people with MS consider special diet as vital for improving their health status with aim to
improve their sense of control over their disease (3,57).

Several studies investigated the role of polyunsaturated fatty acids in the treatment of MS.

Recently published Cochrane meta-analysis (1) analyzed six RCTs published between year 1973

and 2005 (58-62). Overall these studies account for 699 patients, 359 allocated to PUFA and 340
10



to oleic acid (control treatment). Results showed that omega-6 fatty acids had no benefit in
relapsing remitting MS patients or in chronic progressive MS patients (RR=0.78, 95% CI 0.45-
1.36; RR=1.67, 95% CI 0.75-3.72, respectively). Linoleic acid had no benefit in chronic
progressive MS (RR=0.78, 95% CI 0.43-1.42). Slight decrease in relapse rate and relapse
severity was associated with omega-6 fatty acids in some small studies, however these findings
are limited by the limited validity of the endpoints. Omega-3 fatty acids had no benefit on
progression in remitting or relapsing remitting MS patients. Authors concluded that the data
available are insufficient to assess any potential benefit or harm from PUFA supplementation.
A rationale for the therapeutic use of vitamin D in MS comes from animal studies in which the
vitamin D was effective in preventing experimental autoimmune encephalomyelitis (63,64).
Several studies investigated the role of vitamin D in treatment of MS. Goldberg et al. conducted
an uncontrolled pre-post study in which patients with MS were treated with dietary supplements
containing calcium, magnesium and vitamin D for a period of one to two years. Results showed
that the number of exacerbations observed during the intervention was less than one half the
number expected from case histories (65). Another uncontrolled study included 15 patients with
relapsing-remitting MS who were treated with oral calcitriol for 48 weeks. The exacerbation rate
(27%) was less than baseline. Brain MRI revealed enhancing lesions in five patients at baseline
(33%) and in four (29%) at both 24 and 48 weeks. Authors concluded that oral calcitriol is safe
and well tolerated for up to one year by diet compliant relapsing-remitting MS patients (66).
Recently performed Cochrane analysis failed to include any of the published studies on the role
of vitamin D in the treatment of MS and concluded that evidence bearing on the possible benefits

and risks is lacking (1).
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Because of its role in myelin formation and immunomodulatory effect, vitamin B12 was
investigated as possible treatment for improvement of MS patients. RCT performed by Wade et
al used combination therapy with lofepramine, L-phenylalanine, and intramuscular vitamin B-12
and showed that patients with MS improved after starting vitamin B-12 injections. The addition
of lofepramine and L-phenylalanine added a further benefit. However, the effect of vitamin B12
could not be separated from other agents (67). An open label study used a massive dose of
methyl vitamin B12 (60 mg every day for 6 months) in 6 patients with chronic progressive MS.
Although the motor disability did not improve clinically, the abnormalities in both the visual and
brainstem auditory evoked potentials improved more frequently during the therapy than in the
pre-treatment period (68). Recently published Cochrane meta-analysis failed to include studies

on the role of vitamin B12 in the treatment of MS (1).

Conclusion

Diet has been investigated as a possible risk factor for MS during the last 5 decades; however
studies were not able to confirm undoubtable association. In great number of patients with MS
different type of malnutrition has been found including weight loss, cachexia and obesity. These
findings emphasize the need for nutritional support in MS patients after nutritional status is
assessed. Several nutritional compounds have been investigated as a possible treatment in MS,
mostly polyunsaturated fatty acids and vitamin D, however their role in the treatment is yet to be

confirmed. Future studies on this subject are needed.

12



Reference:

1. Farinotti M, Simi S, Di Pietrantonj C, McDowell N, Brait L, Lupo D, Filippini G. Dietary
interventions for multiple sclerosis. Cochrane Database Syst Rev 2007 Jan
24;(1):CD004192.

2. Schwartz CE, Laitin E, Brotman S, LaRocca N. Utilization of unconventional treatments
by persons with MS: is it alternative or complementary? Neurology 1999;52:626-29.

3. Schwarz S, Leweling H. Multiple sclerosis and nutrition. Mult Scler 2005;11:24-32.

4. Payne A. Nutrition and diet in the clinical management of multiple sclerosis. J Hum Nutr
Diet 2001;14:349-57.

5. Das UN. Is there a role for saturated and long-chain fatty acids in multiple sclerosis?
Nutrition 2003;19:163-6.

6. Swank RL, Goodwin JW. How saturated fats may be a causative factor in multiple
sclerosis and other diseases. Nutrition 2003;19:478.

7. Antonovsky A, Leibowitz U, Smith HA. Epidemiologic study of multiple sclerosis in
Israel. I. An overall review of methods and findings. Arch Neurol 1965;13:183-93.

8. Cendrowski W, Wender M, Dominik W, Flejsierowicz Z, Owsianowski M, Popiel M.
Epidemiological study of multiple sclerosis in western Poland. Eur Neurol 1969;2:90-
108.

9. Berr C, Puel J, Clanet M, Ruidavets JB, Mas JL, Alperovitch A. Risk factors in multiple
sclerosis: a population-based casecontrol study in Hautes-Pyrenees, France. Acta Neurol

Scand 1989;80:46-50.

13



10.

11.

12.

13.

14.

15.

16.

17.

18.

Tola MR, Granieri E, Malagu S, Caniatti L, Casetta I, Govoni V et al. Dietary habits and
multiple sclerosis. A retrospective study in Ferrara, Italy. Acta Neurol (Napoli)
1994;16:189-97.

Zhang SM, Willett WC, Hernan MA, Olek MJ, Ascherio A. Dietary fat in relation to risk
of multiple sclerosis among two large cohorts of women. Am J Epidemiol
2000;152:1056-64.

Sepcic J, Mesaros E, Materljan E, Sepic-Grahovac D. Nutritional factors and multiple
sclerosis in Gorski Kotar, Croatia. Neuroepidemiology 1993;12:234-40.

Isaacs EB, Fischl BR, Quinn BT, Chong WK, Gadian DG, Lucas A. Impact of breast
milk on 1Q, brain size and white matter development. Pediatr Res 2009 Dec 22. Epub
ahead of print.

Pisacane A, Impagliazzo N, Russo M, Valiani R, Mandarini A, Florio C et al. Breast
feeding and multiple sclerosis. BMJ 1994;308:1411-12.

Spencely M, Dick G. Breast feeding and multiple sclerosis. Neuroepidemiology
1982;1:216-222.

Brown SJ. The role of vitamin D in multiple sclerosis. Ann Pharmacother 2006;40:1158-
61.

Kidd PM. Multiple sclerosis, an autoimmune inflammatory disease: prospects for its
integrative management. Altern Med Rev 2001;6:540-66.

Auer DP, Schumann EM, Kumpfel T, Gossl C, Trenkwalder C. Seasonal fluctuations of
gadolinium-enhancing magnetic resonance imaging lesions in multiple sclerosis. Ann

Neurol 2000;47:276-7.

14



19.

20.

21.

22.

23.

24.

25.

26.

27.

Hayes CE. Vitamin D: a natural inhibitor of multiple sclerosis. Proc Nutr Soc
2000;59(4):531-5.

Eyles D, Almeras L, Benech P, Patatian A, Mackay-Sim A, McGrath J, Féron F.
Developmental vitamin D deficiency alters the expression of genes encoding
mitochondrial, cytoskeletal and synaptic proteins in the adult rat brain. J Steroid Biochem
Mol Biol 2007;103:538-545.

Cantorna MT. Vitamin D and multiple sclerosis: an update. Nutr Rev 2008;66:5S135-8.
Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A. Serum 25-hydroxyvitamin D
levels and risk of multiple sclerosis. JAMA 2006;296:2832-2838.

Koch MW, Ramsaransing GS, Arutjunyan AV, Stepanov M, Teelken A, Heersema DJ,
De Keyser J. Oxidative stress in serum and peripheral blood leukocytes in patients with
different disease courses of multiple sclerosis. Journal of neurology 2006;253:483-7.
Ferretti G, Bacchetti T, Principi F, Di Ludovico F, Viti B, Angeleri VA, Danni M,
Provinciali L. Increased levels of lipid hydroperoxides in plasma of patients with multiple
sclerosis: a relationship with paraoxonase activity. Mult Scler 2005;11:677-82.
Gilgun-Sherki Y, Melamed E, Offen D. The role of oxidative stress in the pathogenesis
of multiple sclerosis: the need for effective antioxidant therapy. J Neurol 2004;251:261-8.
Butcher J. The distribution of multiple sclerosis in relation to the dairy industry and milk
consumption. N Z Med J 1976;83:427-30.

Ramagopalan SV, Dyment DA, Guimond C, Orton SM, Yee IM, Ebers GC, Sadovnick
AD. Childhood cow's milk allergy and the risk of multiple sclerosis: A population based

study. J Neurol Sci 2010 Jan 20. [Epub ahead of print].

15



28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Shor DB, Barzilai O, Ram M, Izhaky D, Porat-Katz BS, Chapman J, Blank M, Anaya
JM, Shoenfeld Y. Gluten sensitivity in multiple sclerosis: experimental myth or clinical
truth? Ann N'Y Acad Sci 2009;1173:343-9.

Reichelt KL, Jensen D. IgA antibodies against gliadin and gluten in multiple sclerosis.
Acta Neurol Scand 2004;110:239-41.

Borhani Haghighi A, Ansari N, Mokhtari M, Geramizadeh B, Lankarani KB. Multiple
sclerosis and gluten sensitivity. Clin Neurol Neurosurg 2007;109:651-3.

Pasquinelli S, Solaro C. Nutritional assessment and malnutrition in multiple sclerosis.
Neurol Sci 2008;29:S367-9.

Pennington CR. Disease and malnutrition in British hospitals. Proc Nutr Soc 1997;6:393-
407.

Kamalian N, Keesey RE, ZuRhein GM. Lateral hypothalamic demyelination and
cachexia in a case of ‘malignant’ multiple sclerosis. Neurology 1975;25:25-30.

Fantelli FJ, Mitsumoto H, Sebek BA. Multiple sclerosis and malabsorption. Lancet
1978;1:1039-1040.

Williams CM, Lines CM, McKay EC. Iron and zinc status in multiple sclerosis patients
with pressure sores. Eur J Clin Nutr 1988;42:321-328.

Wozniak-Wowk CS. Nutrition intervention in the management of multiple sclerosis. Nutr
Today 1993;28:12-20.

Slawta JN, Wilcox AR, McCubbin JA, Nalle DJ, Fox SD, Anderson G. Health behaviors,
body composition, and coronary heart disease risk in women with multiple sclerosis.

Arch Phys Med Behabil 2003;84:1823-30.

16



38.

39.

40.

41.

42.

43.

44,

45.

Timmerman GM, Stuifbergen AK. Eating patterns in women with multiple sclerosis,
Neurosci Nurs 1999;31:152-58.

Hewson DC, Phillips MA, Simpson KE, Drury P, Crawford MA. Food intake in multiple
sclerosis. Hum Nutr Appl Nutr 1984;38:355-367.

Khurana SR, Bamer AM, Turner AP, Wadhwani RV, Bowen JD, Leipertz SL, Haselkorn
JK. The prevalence of overweight and obesity in veterans with multiple sclerosis. Am J
Phys Med Rehabil 2009;88:83-91.

Hunt DR, Maslovitz A, Rowlands BJ, Brooks B. A simple nutrition screening procedure
for hospital patients. J Am Diet Assoc 1985;85:332-5.

Detsky AS, McLaughlin JR, Baker JP, Johnston N, Whittaker S, Mendelson RA,
Jeejeebhoy KN. What is subjective global assessment of nutritional status? J Parenter
Enteral Nutr 1987;11:8.

Rubenstein LZ, Harker JO, Salva® A, Guigoz Y, Vellas B. Screening for undernutrition in
geriatric practice: developing the short-form mininutritional assessment (MNA-SF). J
Gerontol A Biol Sci Med Sci 2001;56:366-72.

British Association for Enteral and Parenteral Nutrition (BAPEN). The ‘MUST’
explanatory booklet. A guide to ‘Malnutrition Universal Screening Tool” (“MUST’) for
adults. November 2003. Available at: http://www.bapen.
org.uk/pdfs/must/must_explan.pdf). Accessed July 15, 2008.

Kondrup J, Allison SP, Elia M, Vellas B, Plauth M. Educational and Clinical Practice
Committee, European Society for Parenteral and Enteral Nutrition (ESPEN). ESPEN

guidelines for nutrition screening 2002. Clin Nutr 2003;22:415-21.

17



46.

47.

48.

49.

50.

Sl

52.

53.

54.

55.

Correia MITD, Waltzberg DL. The impact of malnutrition on morbidity, mortality, length
of hospital stay and costs evaluated through a multivariate model analysis. Nutrition
2003; 22:235-9.

Carney DE, Meguid MM. Current concepts in nutritional assessment. Arch Surg. 2002
Jan;137(1):42-5.

Magbool A, Olsen IE, Stallings VA. Clinical Assessment of Nutritional Status. In:
Duggan C, Watkins JB, Walker WA (editors). Nutrition in Pediatrics. 4™ ed. Hamilton:
BC Decker Inc;2008:5-13.

Zemel BS, Riley EM, Stallings VA. Evaluation of methodology for nutritional
assessment in children: anthropometry, body composition, and energy expenditure. Annu
Rev Nutr 1997;17:211-35.

DelLegge MH, Drake LM. Nutritional assessment. Gastroenterol Clin North Am
2007;36:1-22.

Morgan DB, Hill GL, Baker JP. The assessment of weight loss from a single
measurement of body weight: problems and limitations. Am J Clin Nutr 1980;33:2101-
10.

Blackburn GL, Bistrian BR, Maini BS, et al. Nutritional and metabolic assessment of the
hospitalized patient. JJEN J Parenter Enteral Nutr 1977;1:11-22.

Carney DE, Meguid MM. Current concepts in nutritional assessment. Arch Surg
2002;137:42-5.

Jeejeebhoy KN. Nutritional assessment. Nutrition 2000 Jul-Aug;16(7-8):585-90.
Evans-Stoner N. Nutrition assessment: A practical approach. Nurs Clin North Am

1997,32:637-651.
18



56.

S7.

58.

59.

60.

61.

62.

Bailey J. Healthy eating: a guide for people with MS. 2008; available at:
http://www.mssociety.ca/en/pdf/eating.pdf.

Shinto L, Calabrese C, Morris C, Sinsheimer S, Bourdette D. Complementary and
alternative medicine in multiple sclerosis: survey of licensed naturopaths. J Altern
Complement Med 2004;10:891-7.

Millar JH, Zilkha KJ, Langman MJ, Wright HP, Smith AD, Belin J, Thompson RH.
Double-blind trial of linoleate supplementation of the diet in multiple sclerosis. Br Med J
1973;1:765-8.

Bates D, Fawcett PR, Shaw DA, Weightman D. Trail of polyunsaturated fatty acids in
non-relapsing multiple sclerosis. Br Med J 1977;2:932-3.

Bates D, Fawcett PR, Shaw DA,Weightman D. Polyunsaturated fatty acids in treatment
of acute remitting multiple sclerosis. Br Med J 1978;2:1390-1.

Bates D, Cartlidge NE, French JM, Jackson MJ, Nightingale S, Shaw DA, Smith S, Woo
E, Hawkins SA, Millar JH, et al. A double-blind controlled trial of long chain n-3
polyunsaturated fatty acids in the treatment of multiple sclerosis. J Neurol Neurosurg
Psychiatry 1989;52:18-22.

Weinstock-Guttman B, Baier M, Park Y, Feichter J, Lee-Kwen P, Gallagher E,
Venkatraman J, Meksawan K, Deinehert S, Pendergast D, Awad AB, Ramanathan M,
Munschauer F, Rudick R. Low fat dietary intervention with omega-3 fatty acid
supplementation in multiple sclerosis patients. Prostaglandins Leukot Essent Fatty Acids

2005;73:397-404.

19



63.

64.

65.

66.

67.

68.

Cantorna MT, Hayes CE, DeLuca HF. 1,25-Dihydroxyvitamin D3 reversibly blocks the
progression of relapsing encephalomyelitis, a model of multiple sclerosis. Proc Natl Acad
Sci U S A 1996;93:7861-4.

Spach KM, Pedersen LB, Nashold FE, Kayo T, Yandell BS, Prolla TA, Hayes CE. Gene
expression analysis suggests that 1,25- dihydroxyvitamin D3 reverses experimental
autoimmune encephalomyelitis by stimulating inflammatory cell apoptosis. Physiol
Genomics 2004;18:141-51.

Goldberg P, Fleming MC, Picard EH. Multiple sclerosis: decreased relapse rate through
dietary supplementation with calcium, magnesium and vitamin D. Med Hypotheses
1986;21:193-200.

Wingerchuk DM, Lesaux J, Rice GP, Kremenchutzky M, Ebers GC. A pilot study of oral
calcitriol (1,25-dihydroxyvitamin D3) for relapsing-remitting multiple sclerosis. J Neurol
Neurosurg Psychiatry 2005;76:1294-6.

Wade DT, Young CA, Chaudhuri KR, Davidson DL. A randomised placebo controlled
exploratory study of vitamin B-12, lofepramine, and L-phenylalanine (the "Cari Loder
regime™) in the treatment of multiple sclerosis. J Neurol Neurosurg Psychiatry
2002;73:246-9.

Kira J, Tobimatsu S, Goto I. Vitamin B12 metabolism and massive-dose methyl vitamin

B12 therapy in Japanese patients with multiple sclerosis. Intern Med 1994;33:82-6.

20



	predlozak
	Nutrition in MS revision

