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Abstract

Objective—The role of diet in multiple sclerosis (MS) course remains largely unknown. Children 

with MS have a higher relapse rate compared with MS in adults. Thus, studying the effect of diet 

on relapse rate in this age group is likely to provide more robust answers.

Methods—This is a multicentre study done at 11 paediatric MS centres in the USA. Patients with 

relapsing-remitting MS (RRMS) or clinically isolated syndrome (CIS) with disease onset before 

18 years of age and duration of less than 4 years were included in this study. Dietary intake during 

the week before enrolment was assessed with the validated Block Kids Food Screener. The 

outcome of the study was time from enrolment to the next relapse. 219 patients with paediatric 

RRMS or CIS were enrolled. Each 10% increase in energy intake from fat increased the hazard of 

relapse by 56% (adjusted HR 1.56, 95% CI 1.05 to 2.31, p=0.027), and in particular each 10% 

increase in saturated fat tripled this hazard (adjusted HR: 3.37, 95% CI 1.34 to 8.43, p=0.009). In 

contrast, each additional one cup equivalent of vegetable decreased the hazard of relapse by 50% 

(adjusted HR: 0.50, 95% CI 0.27 to 0.91, p=0.024). These associations remained with mutual 

adjustment and persisted when adjusting for baseline 25(OH) vitamin D serum level. Other studied 

nutrients were not associated with relapse.

Conclusions—This study suggests that in children with MS, high energy intake from fat, 

especially saturated fat, ma1y increase the hazard to relapse, while vegetable intake may be 

independently protective.

INTRODUCTION

Multiple sclerosis (MS) is a disease with unknown aetiology, but in which environmental 

factors and genetic polymorphisms play a role.2 Prior infection with Epstein-Barr virus, 

vitamin D insufficiency and exposure to cigarette smoking have shown a consistent 

association with increased risk of MS development and disease course in adults.3–5

The role of diet in disease susceptibility and course remains largely unknown. In an animal 

model of MS, a high-fat diet increases immune cell infiltration and inflammatory mediator 

production in the central nervous system (CNS).6 In humans, MS susceptibility may be 

higher in individuals with higher saturated fat intake,7 while consumption of fruit and 

vegetables may be associated with reduced patient-reported relapse rate and disability.8 

Neither of these reports have been confirmed nor have used medically confirmed MS 

relapses or longitudinal prospectively collected data.

Children have a higher relapse rate compared with MS in adults. Thus, studying the effect of 

diet on relapse rate in this age group is likely to provide more robust answers.9 Our large 

ongoing study of environmental and genetic risk factors for paediatric MS includes the 

collection of dietary intake at enrolment. We report findings from the first multicentre cohort 

of patients with paediatric MS investigating the longitudinal and prospective association 

between dietary intake and relapse risk.
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METHODS

Data were derived from a collaborative paediatric MS study conducted at 11 paediatric MS 

centres in the USA. Cases were recruited between December 2011 and January 2016. 

Institutional review boards at each of these sites approved the study. All the participants and 

one of their parents/legal guardians signed the informed assent and consent.

Study participants

Eleven centres participating in the study on risk factors for paediatric MS entered 

prospective relapse information into the US Pediatric MS Network database.10 The study 

enrolled patients with relapsing-remitting MS (RRMS) or clinically isolated syndrome (CIS) 

at high risk of MS who had at least two silent MRI lesions, with disease onset before 18 

years of age and disease duration of less than 4 years.11 Patients who completed the food 

frequency questionnaire and had available prospective relapse data subsequent to enrolment 

in the study were included in this analysis.

Clinical and demographic information

Case ascertainment was performed by a panel of at least two paediatric MS experts listed as 

coauthors. Race and ethnicity were self-reported according to National Institutes of Health 

criteria. Medical history including relapse rate was collected by each participating centre at 

the time of follow-up clinic visits. Relapses were defined as new or recurrent neurological 

symptoms localising to the CNS, lasting for at least 24 hours after a remission of 30 days or 

more since the previous attack in the absence of an infection or fever.12 Only relapses that 

occurred after enrolling in the study were used for the analyses. Disease duration at the time 

of enrolment was calculated from the date of the first demyelinating event to the time of 

study enrolment. Follow-up duration was calculated from the time of study enrolment to the 

end of available follow-up. Baseline serum 25(OH) vitamin D level was measured as a batch 

by chemoluminescence at Heartland Assays laboratory.

Nutrient and energy intake assessment

Dietary intake was assessed using the Block Kids Food Screener (BKFS) (NutritionQuest, 

2007)1. BKFS is a validated food frequency questionnaire designed for children between 2 

and 17 years of age and is available in English and Spanish. The questionnaire was 

completed by children or their caregiver one time at the enrolment in the study after getting 

instruction from a research staff member. The questionnaire consists of 41 questions 

evaluating the frequency and portions of food and beverages consumed during the past 

week. Patients were instructed to select the frequency (none last week, 1 day, 2 days, 3–4 

days, 5–6 days and every day) and then the food-specific portion size (eg, one slice, two 

slices and 3+ slices) that most closely matched their intake in the preceding week. Five age–

sex categories were used to provide dietary estimates: males/females 4–8 years old, males 9–

13 years old, males 14–17 years old, females 9–15 years old and females 16–17 years old. 

Subjects were excluded if >15 answers were missing or if reported estimates reflected 

biologically implausible daily energy intakes (<500 or >5000 kcal/day) based on 

NutritionQuest food screener analysis. The BKFS has been validated against three 24 hours 

dietary recalls in children aged 10–17.13
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We examined average daily intake of energy, saturated and unsaturated fat, vegetables 

(measured as cup equivalents, excluding potatoes and legumes), fruit (measured as cup 

equivalents), cholesterol, fibre, carbohydrate, dairy and iron. Energy intake from fat was 

calculated as a percentage of daily calories that come from fat, which is equal to 

100*(9*fat)/energy. Similarly, energy intake from carbohydrate or protein is the percentage 

of daily calories that come from carbohydrates or protein and are equal to 

100*(4*carbohydrate)/energy and 100*(4*protein)/energy, respectively.

Statistical analysis

The group of patients who experienced a relapse during follow-up was compared with the 

group of those without relapse with respect to baseline characteristics. For continuous 

variables, a Wilcoxon rank-sum test was used, with a χ2 test used for categorical variables.

We estimated the risk of relapse using the multivariate Cox proportional hazard model by 

calculating the HR and 95% CI. The outcome of the study was time from enrolment to the 

next relapse. Descriptive statistics for patient characteristics were presented either as 

percentages (%) or using mean and SD. Nutrient intakes were calculated as continuous 

variables, and some were categorised based on the minimally recommended total intake for 

the child’s age group or using tertiles. For all models, we adjusted for total energy intake.

The multivariate Cox proportional hazard regression model was adjusted for age, gender, 

race, ethnicity, duration of disease, body mass index (BMI) and disease-modifying treatment 

(DMT) use. These adjusting variables are known to possibly change risk of relapse. DMT 

use was categorised into four groups: (1) subjects on no DMT; (2) subjects receiving 

interferon beta, glatiramer acetate or teriflunomide; (3) subjects receiving dimethyl fumarate 

or fingolimod and (4) subjects on natalizumab, rituximab or alemtuzumab. Subjects who 

switched treatment during the follow-up period were counted in the treatment group with the 

longest follow-up time. The model was also further adjusted for baseline 25 (OH) vitamin D 

serum levels, which are associated with clinical and MRI markers of disease activity.14 

Model checking, including testing and visual inspection for proportional hazard assumption, 

was performed. The assumption of proportionality was not violated in the Cox models. All 

statistical analyses were performed using R language and environment V.3.1.1.

Kaplan-Meier curves were used to depict energy intake from fat and vegetable consumption 

and time to the next relapse of MS.

RESULTS

Patient characteristics

The number of paediatric MS cases with food frequency questionnaire and follow-up 

information was 219 (figure 1). Median duration of follow-up time after enrolment in the 

study was 1.8 years (range 0.1–4.1). Ninety-three (42.5%) patients experienced relapses 

during follow-up. Table 1 presents baseline characteristics.
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Diet and relapse association

Univariate and multivariate associations between various nutrients and risk of MS relapse 

are shown in table 2. In multivariable analyses, each 10% increase in energy intake from fat 

increased the hazard of relapse by 56% (adjusted HR: 1.56, 95% CI 1.05 to 2.31, p=0.027) 

adjusting for age, gender, race, ethnicity, duration of disease, BMI, total energy intake and 

use of DMT (table 2). When we added baseline 25(OH) vitamin D serum level to the above 

model, the adjusted HR remained at 1.58 (95% CI 1.06 to 2.36, p=0.026). Each 10% 

increase in saturated fat tripled the hazard of relapse (adjusted HR: 3.37, 95% CI 1.34 to 

8.43, p=0.009). When we added baseline 25(OH) vitamin D serum level to the above model, 

the adjusted HR remained at 3.22 (95% CI 1.26 to 8.17, p=0.014). In contrast, each 

additional one cup equivalent in vegetable intake decreased the hazard of relapse by 50% 

(adjusted HR: 0.50, 95% CI 0.27 to 0.91, p=0.024). When we added baseline 25(OH) 

vitamin D serum level to the above model, the adjusted HR remained similar (HR: 0.53, 

95% CI 0.28 to 0.98, p=0.043).

The associations reported for per cent calories from fat and vegetable intake were 

independent when combined in the same model. The HR for each additional 10% of energy 

intake from fat adjusting for age, gender, race, ethnicity, duration of disease, BMI, total 

energy intake from fat, use of DMT, total energy intake and vegetable intake was 1.48 (95% 

CI 0.99 to 2.19, p=0.05). The HR of relapse for each additional cup of vegetable intake 

while mutually adjusted for fat intake and other possible confounding factors was 0.53 (95% 

CI 0.29 to 0.98, p=0.04). Results did not change when socioeconomic status added to the 

model (data not shown). Total energy intake, fruits, fibres, carbohydrate, sugar, iron, 

cholesterol and dairy intake were not associated with risk of relapse (table 2).

Figure 2A,B highlight respectively the increased risk of relapse in subjects with fat intake 

higher than recommended level for child’s age and in those with lowest tertile of vegetable 

intake.

DISCUSSION

We report a significant and independent association between dietary intake of fat and 

vegetables, with risk of relapse in early paediatric MS. Saturated fat intake was the main 

source of fat associated with risk of relapse when adjusting for total energy intake. Our data 

suggest a potentially protective influence of vegetable intake and harmful effect of fat intake 

on risk of relapse. While we have previously investigated the association between dietary 

sodium intake with MS susceptibility and relapse risk,1516 no other study has prospectively 

investigated the association between nutrients and relapse risk in early paediatric MS.

High-fat diet upregulates the metabolism of cells, including the release or expression of 

proinflammatory molecules, contributing to low-grade systemic inflammation. It also results 

in dysbiotic gut microbiota and alters intestinal immunity.17–19 Moreover, the consumption 

of animal fat is often linked to high-calorie intake, which is itself a detrimental factor for 

many chronic inflammatory diseases.1718 It has been shown that a high-fat diet results in 

immune cell infiltration and an increase in inflammatory mediator production in the CNS in 

an animal model of MS.6 Consumption of animal fat may be associated with MS 
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prevalence.20 Saturated fat produces inflammatory response predominantly through 

activation of toll-like receptor 4.21 In addition, in a case–control study, high-energy and 

animalbased food intake were associated with a higher risk of MS,22 while higher intake of 

omega-3 polyunsaturated fatty acids was associated with a decreased risk of a first clinical 

diagnosis of CNS demyelination.23 More recently, no relationship between intake of total fat 

or major specific types of fat and the risk of MS was reported.24 While diet may also affect 

MS course, very few studies have focused on this. A small trial of low-fat diet intervention 

with omega-3 fatty acid supplementation suggested it may improve fatigue and relapse rate 

in patients with RRMS.25 In an observational study (ie, not blinded, not randomised), adult 

MS patients with consumption of ≤20 g of fat per day had a slower disability progression 

and lower mortality than those with higher intake after 34 years of follow-up.26 Several of 

these observational studies did not have prospective data collection, and all investigated the 

role of high-fat diet in adult but not in paediatric MS. Another recent randomised control 

trial in adults with RRMS with 1-year follow-up showed no significant improvement on 

relapse rate in the group with very low-fat diet.27

Cholesterol is an essential component of myelin membranes.28 Glial and neuronal 

membranes are composed of lipids, cholesterol and phospholipids.29 A few studies have 

suggested that cholesterol level and markers of cholesterol turnover in the peripheral blood 

may be associated with adverse clinical and MRI outcomes in MS,2830–33 while another 

observational cohort study did not report any association with relapse risk.34 In our study 

including conservative adjustments for potential confounders, we have not detected any 

association between cholesterol intake and subsequent risk of relapse in children with MS; 

however, serum cholesterol level was not tested in our study.

In contrast to high-fat diet and saturated fat, vegetable intake downregulates the synthesis of 

proinflammatory molecules and restores or maintains a healthy symbiotic gut microbiota.35 

Prior studies have shown conflicting results about the association of vegetable intake and 

MS development in adults.2236 In an online brief survey of dietary habits in Australia, 

‘healthy’ consumption of fruit and vegetables was associated with reduced self-reported MS 

relapse rate in the 12 months prior to survey and disability at the time of the survey.8 Our 

study confirms and expands findings from this report using a detailed validated dietary 

assessment and relapse data collected prospectively by participating neurologists after 

dietary assessment. Lower serum vitamin D3 levels is associated with a substantially 

increased subsequent relapse rate in paediatric-onset MS or CIS.5 To account for this 

association, we controlled for the confounding effect of vitamin D in multivariable models.

Despite reports that meals rich in refined carbohydrates and sugar increase insulin level and 

production of proinflammatory molecules and free radicals,37 our study findings did not 

support the association between sugar intake and relapse risk in paediatric MS. In addition, 

another nutrient of interest, iron, essential for normal neuronal functioning, has been 

proposed to contribute to MS pathogenesis, calling into question whether an MS patient’s 

diet should be adjusted to lower their dietary iron intake.3839 A small study (n=9) using iron 

chelation for 2 years however did not support a disease-modifying effect of iron in 

established progressive MS.40 Our data do not show evidence for an association between 

iron intake and relapse risk in the paediatric MS population.
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The strengths of our study include the size of the cohort (recruited across 11 US sites) with a 

diverse paediatric MS population in early stages of the disease with low disability scores, the 

evaluation of several dietary components using a validated questionnaire and careful case 

and relapse ascertainment collected prospectively in the paediatric MS Network database 

after enrolment. Analyses were carefully adjusted for possible confounding factors including 

known risk factors associated with relapse rate such as 25(OH) vitamin D levels.5 We 

acknowledge a few limitations. First, dietary data were only collected at baseline, and the 

food frequency questionnaire was a screener (BKFS) that may have overall underestimated 

caloric intake thus possibly overestimating the proportion coming from fat. Second, we 

cannot exclude the possibility that subjects changed their dietary habits after enrolment, 

which may have influenced subsequent relapse rate; however, there are no specific dietary 

recommendations for patients with MS. Confirmation of these results using prospective food 

diaries in the future might be helpful. Third, results could be attributable to other 

unmeasured but correlated nutrients, and therefore it is important to study in the future. 

Fourth, caloric consumption may have been underestimated in teenage age groups 

(specifically 18–19 years) due to increased alcohol and coffee intake, which are not assessed 

with the BKFS. Fifth, we do not report the effect of different polyunsaturated fatty acids 

such as alpha linolenic acid or omega-3 in this study. There are also other possible 

confounding factors that may not have been included in our models such as exposure to 

cigarette smoking. Finally, our study does not establish causality but only demonstrates an 

association.

In conclusion, we observed that fat intake is associated with an increase in the risk of relapse 

in paediatric MS, and saturated fat seems to drive this association, while vegetable intake 

may be independently protective. Further work confirming and refining any relationship 

between fat, vegetable and other nutrients and MS relapse is needed. Our results provide 

preliminary evidence for healthy dietary recommendation for paediatric patients with MS. 

These findings must be confirmed, and their causality must be established with future 

dietary intervention trials.

Acknowledgments

We would like to thank the parents and children who have participated to this study and the study coordinators who 
have tirelessly helped enroll and evaluate subjects.

Funding The National Institutes of Health NS071463 (PI Waubant) and the National MS Society HC 0165 (PI 
Casper).

Disclaimer Dr JG was supported by grants from Race to Erase MS, NMSS, Biogen and Genentech during this 
work. Dr AW is funded by the NIH (NINDS, K23NS069806) and has received research funding from Biogen Idec. 
Dr CTC has been supported by the National MS Society and the NIH (R01NS071463). He is an ad hoc consultant 
for Biovest International, Inc. Dr EW is funded by the National MS Society, the NIH and the Race to Erase MS. 
She volunteers on an advisory board for a clinical trial of Novartis. Dr LK is supported by the National MS Society, 
NIH, Robert and Lisa Lourie Foundation, Department of Defense. She has received honoraria, consulting payments, 
grant support or royalties from Biogen, Medimmune, Novartis, Teva Neuroscience, Sanofi-Aventis and EMD 
Serono. Dr BWG received honoraria for serving in advisory boards and educational programmes from Teva 
Pharmaceuticals, Biogen Idec, Novartis, Acorda EMD Serono, Novartis, Genzyme and Sanofi. She also received 
support for research activities from the National Institutes of Health, National Multiple Sclerosis Society, National 
Science Foundation, Department of Defense, EMD Serono, Biogen Idec, Teva Neuroscience, Novartis, Acorda, 
Genzyme and the Jog for the Jake Foundation. Dr TC has served as a consultant for Biogen Idec, Teva 
Neurosciences, Novartis and Sanofi-Aventis and has received grant support from NIH, National MS Society, Guthy-
Jackson Charitable Foundation, CMSC and Merck-Serono, Novartis, and Biogen and Verily. Dr JR has research 

Azary et al. Page 7

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



funding from Teva Neuroscience and Biogen. He is a member of the Medical Advisory Board for the DECIDE trial, 
which is funded by Biogen and AbbVie. Dr GA has received research support from Biogen-Idec. Drs AB, JN, MG, 
TL, MR and GA have no disclosures. JH has no disclosures. Dr J-MT received funding from the NIH (NCATS) 
during this work.

References

1. NutritionQuest. [accessed Oct 1 2007] Assessment Tools. Block ’98 FFQ. 2017. http://
www.nutritionquest.com/products/questionnaires_screeners.htm

2. Mandia D, Ferraro OE, Nosari G, et al. Environmental factors and multiple sclerosis severity: a 
descriptive study. Int J Environ Res Public Health. 2014; 11:6417–32. [PubMed: 24950063] 

3. Ascherio A. Environmental factors in multiple sclerosis. Expert Rev Neurother. 2013; 13:3–9.

4. Weston M, Constantinescu CS. What role does tobacco smoking play in multiple sclerosis disability 
and mortality? A review of the evidence. Neurodegener Dis Manag. 2015; 5:19–25.

5. Mowry EM, Krupp LB, Milazzo M, et al. Vitamin D status is associated with relapse rate in 
pediatric-onset multiple sclerosis. Ann Neurol. 2010; 67:618–24. [PubMed: 20437559] 

6. Timmermans S, Bogie JF, Vanmierlo T, et al. High fat diet exacerbates neuroinflammation in an 
animal model of multiple sclerosis by activation of the Renin Angiotensin system. J Neuroimmune 
Pharmacol. 2014; 9:209–17. [PubMed: 24068577] 

7. Agranoff BW, Goldberg D. Diet and the geographical distribution of multiple sclerosis. Lancet. 
1974; 2:1061–6. [PubMed: 4138048] 

8. Hadgkiss EJ, Jelinek GA, Weiland TJ, et al. The association of diet with quality of life, disability, 
and relapse rate in an international sample of people with multiple sclerosis. Nutr Neurosci. 2015; 
18:125–36. [PubMed: 24628020] 

9. Gorman MP, Healy BC, Polgar-Turcsanyi M, et al. Increased relapse rate in pediatric-onset 
compared with adult-onset multiple sclerosis. Arch Neurol. 2009; 66:54–9. [PubMed: 19139299] 

10. Casper TC, Rose JW, Roalstad S, et al. The US Network of Pediatric Multiple Sclerosis Centers: 
Development, Progress, and Next Steps. J Child Neurol. 2015; 30:1381–7. [PubMed: 25270659] 

11. Krupp LB, Tardieu M, Amato MP, et al. International Pediatric Multiple Sclerosis Study Group 
criteria for pediatric multiple sclerosis and immune-mediated central nervous system 
demyelinating disorders: revisions to the 2007 definitions. Mult Scler. 2013; 19:1261–7. [PubMed: 
23572237] 

12. Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for multiple sclerosis: 2010 
revisions to the McDonald criteria. Ann Neurol. 2011; 69:292–302. [PubMed: 21387374] 

13. Hunsberger M, O’Malley J, Block T, et al. Relative validation of Block Kids Food Screener for 
dietary assessment in children and adolescents. Matern Child Nutr. 2015; 11:260–70. [PubMed: 
23006452] 

14. Mowry EM, Pelletier D, Gao Z, et al. Vitamin D in clinically isolated syndrome: evidence for 
possible neuroprotection. Eur J Neurol. 2016; 23:327–32. [PubMed: 26518224] 

15. McDonald J, Graves J, Waldman A, et al. A case-control study of dietary salt intake in pediatric-
onset multiple sclerosis. Mult Scler Relat Disord. 2016; 6:87–92. [PubMed: 27063630] 

16. Nourbakhsh B, Graves J, Casper TC, Lulu S, et al. Dietary salt intake and time to relapse in 
paediatric multiple sclerosis. J Neurol Neurosurg Psychiatry. 2016; 87:1350–3. [PubMed: 
27343226] 

17. Mozaffarian D, Pischon T, Hankinson SE, et al. Dietary intake of trans fatty acids and systemic 
inflammation in women. Am J Clin Nutr. 2004; 79:606–12. [PubMed: 15051604] 

18. Lopez-Garcia E, Schulze MB, Meigs JB, et al. Consumption of trans fatty acids is related to 
plasma biomarkers of inflammation and endothelial dysfunction. J Nutr. 2005; 135:562–6. 
[PubMed: 15735094] 

19. Moschen AR, Wieser V, Tilg H. Dietary Factors: Major Regulators of the Gut’s Microbiota. Gut 
Liver. 2012; 6:411–6. [PubMed: 23170142] 

20. Alter M, Yamoor M, Harshe M. Multiple sclerosis and nutrition. Arch Neurol. 1974; 31:267–72. 
[PubMed: 4414737] 

Azary et al. Page 8

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.nutritionquest.com/products/questionnaires_screeners.htm
http://www.nutritionquest.com/products/questionnaires_screeners.htm


21. Milanski M, Degasperi G, Coope A, et al. Saturated fatty acids produce an inflammatory response 
predominantly through the activation of TLR4 signaling in hypothalamus: implications for the 
pathogenesis of obesity. J Neurosci. 2009; 29:359–70. [PubMed: 19144836] 

22. Ghadirian P, Jain M, Ducic S, et al. Nutritional factors in the aetiology of multiple sclerosis: a case-
control study in Montreal, Canada. Int J Epidemiol. 1998; 27:845–52. [PubMed: 9839742] 

23. Hoare S, Lithander F, van der Mei I, Mei vander I, et al. Higher intake of omega-3 polyunsaturated 
fatty acids is associated with a decreased risk of a first clinical diagnosis of central nervous system 
demyelination: Results from the Ausimmune Study. Mult Scler. 2016; 22:884–92.

24. Zhang SM, Willett WC, Hernán MA, et al. Dietary fat in relation to risk of multiple sclerosis 
among two large cohorts of women. Am J Epidemiol. 2000; 152:1056–64. [PubMed: 11117615] 

25. Weinstock-Guttman B, Baier M, Park Y, et al. Low fat dietary intervention with omega-3 fatty acid 
supplementation in multiple sclerosis patients. Prostaglandins Leukot Essent Fatty Acids. 2005; 
73:397–404. [PubMed: 16099630] 

26. Swank RL, Dugan BB. Effect of low saturated fat diet in early and late cases of multiple sclerosis. 
Lancet. 1990; 336:37–9. [PubMed: 1973220] 

27. Yadav V, Marracci G, Kim E, et al. Low-fat, plant-based diet in multiple sclerosis: A randomized 
controlled trial. Mult Scler Relat Disord. 2016; 9:80–90. [PubMed: 27645350] 

28. Zhornitsky S, McKay KA, Metz LM, et al. Cholesterol and markers of cholesterol turnover in 
multiple sclerosis: relationship with disease outcomes. Mult Scler Relat Disord. 2016; 5:53–65. 
[PubMed: 26856944] 

29. Cermenati G, Brioschi E, Abbiati F, et al. nervous system, and lipid metabolism. J Endocrinol 
Invest. 2013; 36:435–43. [PubMed: 23609963] 

30. Weinstock-Guttman B, Zivadinov R, Mahfooz N, et al. Serum lipid profiles are associated with 
disability and MRI outcomes in multiple sclerosis. J Neuroinflammation. 2011; 8:127. [PubMed: 
21970791] 

31. Tettey P, Simpson S, Taylor B, et al. An adverse lipid profile is associated with disability and 
progression in disability, in people with MS. Mult Scler. 2014; 20:1737–44. [PubMed: 24829292] 

32. Giubilei F, Antonini G, Di Legge S, et al. Blood cholesterol and MRI activity in first clinical 
episode suggestive of multiple sclerosis. Acta Neurol Scand. 2002; 106:109–12. [PubMed: 
12100371] 

33. Weinstock-Guttman B, Zivadinov R, Horakova D, et al. Lipid profiles are associated with lesion 
formation over 24 months in interferon-β treated patients following the first demyelinating event. J 
Neurol Neurosurg Psychiatry. 2013; 84:1186–91. [PubMed: 23595944] 

34. Tettey P, Simpson S, Taylor B, et al. Adverse lipid profile is not associated with relapse risk in MS: 
results from an observational cohort study. J Neurol Sci. 2014; 340:230–2. [PubMed: 24655739] 

35. Schwingshackl L, Hoffmann G, pattern Mdietary. Mediterranean dietary pattern, inflammation and 
endothelial function: a systematic review and meta-analysis of intervention trials. Nutr Metab 
Cardiovasc Dis. 2014; 24:929–39. [PubMed: 24787907] 

36. Gusev E, Boiko A, Lauer K, et al. Environmental risk factors in MS: a case-control study in 
Moscow. Acta Neurol Scand. 1996; 94:386–94. [PubMed: 9017026] 

37. Ghanim H, Abuaysheh S, Sia CL, et al. Increase in plasma endotoxin concentrations and the 
expression of Toll-like receptors and suppressor of cytokine signalling-3 in mononuclear cells after 
a high-fat, high-carbohydrate meal: implications for insulin resistance. Diabetes Care. 2009; 
32:2281–7. [PubMed: 19755625] 

38. van Rensburg SJ, Kotze MJ, van Toorn R. The conundrum of iron in multiple sclerosis--time for an 
individualised approach. Metab Brain Dis. 2012; 27:239–53. [PubMed: 22422107] 

39. Zamboni P. The big idea: iron-dependent inflammation in venous disease and proposed parallels in 
multiple sclerosis. J R Soc Med. 2006; 99:589–93. [PubMed: 17082306] 

40. Lynch SG, Fonseca T, LeVine SM. A multiple course trial of desferrioxamine in chronic 
progressive multiple sclerosis. Cell Mol Biol. 2000; 46:865–9. [PubMed: 10875447] 

Azary et al. Page 9

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Flow chart of study participants.
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Figure 2. 
Kaplan-Meier survival curves depicting time to the first relapse. (A) Among patients who 

had recommended (or low) per cent of energy intake from fat versus high energy intake from 

fat (low (<25%), recommended (25%–35%) and high (>35%)). (B) Among patients in 

different dietary vegetable intake tertiles (vegetable tertile cut-offs are 0.495 and 0.905 cup 

equivalent).
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Table 1

Demographic characteristics (n=219)

Patients with complete 
relapse
data
N (%)

Patients with relapse 
(n=93)
N (%)

Patients without relapse
(n=126)
N (%)

p
Value

Gender

  Female 134 (61.2) 55 (59.1) 79 (62.7) 0.59

Race/ethnicity

  White non-Hispanic 133 (60.7) 57 (61.3) 76 (60.3) 0.99

  Black non-Hispanic 40 (18.3) 17 (18.3) 23 (18.3)

  Asian 9 (4.1) 3 (3.2) 6 (4.8)

  Other 21 (9.6) 9 (9.7) 12 (9.5)

  Unknown 16 (7.3) 7 (7.5) 9 (7.1)

Ethnicity

  Hispanic or Latino 64 (29.5) 34 (36.6) 30 (23.8) 0.12

Use of disease-modifying treatment at 
enrolment

117 (53.4) 46 (49.5) 71 (56.3) 0.31

Mean (SD) Mean (SD) Mean (SD)

Age (years) 15.1 (3.3) 15.0 (3.1) 15.1 (3.4) 0.37

Duration of disease at enrolment 0.9 (0.9) 0.9 (0.8) 1.0 (0.9) 0.32

BMI (kg/m2) 25.3 (7.0) 25.0 (6.2) 25.6 (7.5) 0.70

Baseline serum 25 (OH) vitamin D level 
(ng/mL)

28.2 (13.8) 25.9 (12.0) 30.0 (14.8) 0.043

BMI, body mass index.

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2019 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Azary et al. Page 13

V
ar

io
us

 n
ut

ri
en

ts
 in

ta
ke

 a
nd

 M
S 

re
la

ps
e 

ri
sk

 u
si

ng
 u

ni
va

ri
at

e 
an

d 
m

ul
tiv

ar
ia

te
 C

ox
 p

ro
po

rt
io

na
l h

az
ar

d 
m

od
el

U
na

dj
us

te
d 

H
R

95
%

 C
I

A
dj

us
te

d 
H

R
*

95
%

 C
I*

p 
V

al
ue

E
ne

rg
y 

in
ta

ke
 (

pe
r 

10
0 

kc
al

)
0.

99
0.

95
 to

 1
.0

2
0.

99
0.

95
–1

.0
3

0.
59

To
ta

l f
at

 in
ta

ke
 (

pe
r 

10
 g

)
1.

03
0.

80
 to

 1
.3

3
1.

20
0.

89
–1

.6
2

0.
23

  A
s 

re
co

m
m

en
de

d
1.

02
0.

36
 to

 2
.9

5
1.

47
0.

48
–4

.5
5

0.
50

  H
ig

h 
in

ta
ke

1.
32

0.
47

 to
 3

.6
9

2.
16

0.
71

–6
.6

2
0.

18

Fa
t t

yp
e 

(p
er

 1
0%

 e
ne

rg
y 

in
ta

ke
)

  S
at

ur
at

ed
1.

86
0.

82
 to

 4
.2

4
3.

37
1.

34
–8

.4
3

0.
00

9

  M
on

ou
ns

at
ur

at
ed

1.
20

0.
50

 to
 2

.9
2

2.
30

0.
82

–6
.4

7
0.

11

  P
ol

yu
ns

at
ur

at
ed

0.
28

0.
04

 to
 1

.7
1

0.
47

0.
07

–3
.4

1
0.

46

Pe
rc

en
t e

ne
rg

y 
in

ta
ke

 f
ro

m
 f

at
 (

pe
r 

10
%

)
1.

18
0.

83
 to

 1
.6

7
1.

56
1.

05
–2

.3
1

0.
02

7

C
ho

le
st

er
ol

 (
pe

r 
10

 m
g)

0.
99

0.
96

 to
 1

.0
3

1.
00

0.
97

–1
.0

4
0.

93

V
eg

et
ab

le
 in

ta
ke

 (
pe

r 
C

E
)

0.
58

0.
35

 to
 0

.9
6

0.
50

0.
27

–0
.9

1
0.

02
4

Fr
ui

t i
nt

ak
e 

(p
er

 C
E

)
0.

90
0.

71
 to

 1
.1

2
0.

85
0.

66
–1

.0
9

0.
21

Fi
br

e 
in

ta
ke

 (
pe

r 
gr

am
)

0.
95

0.
89

 to
 1

.0
1

0.
94

0.
87

–1
.0

0
0.

07

C
ar

bo
hy

dr
at

e 
in

ta
ke

 (
pe

r 
10

 g
)

1.
00

0.
92

 to
 1

.0
8

0.
96

0.
87

–1
.0

6
0.

40

  A
s 

re
co

m
m

en
de

d
1.

12
0.

73
 to

 1
.7

2
1.

03
0.

63
–1

.6
9

0.
90

  H
ig

h 
in

ta
ke

0.
88

0.
27

 to
 2

.8
8

0.
55

0.
15

–2
.0

3
0.

37

Pe
rc

en
t e

ne
rg

y 
in

ta
ke

 f
ro

m
 c

ar
bo

hy
dr

at
e 

(p
er

 1
0%

)
0.

92
0.

72
 to

 1
.1

8
0.

78
0.

58
–1

.0
3

0.
08

Pr
ot

ei
n 

in
ta

ke
 (

pe
r 

10
 g

)
0.

98
0.

81
 to

 1
.1

8
0.

98
0.

80
–1

.2
0

0.
82

Pe
rc

en
t e

ne
rg

y 
in

ta
ke

 f
ro

m
 p

ro
te

in
 (

pe
r 

10
%

)
0.

93
0.

49
 to

 1
.7

6
1.

00
0.

50
–2

.0
0

0.
99

Su
ga

r 
in

ta
ke

 (
pe

r 
ts

p)
1.

02
0.

99
 to

 1
.0

6
1.

02
0.

98
–1

.0
6

0.
39

Ir
on

 (
pe

r 
m

g)
0.

98
0.

89
 to

 1
.0

8
0.

92
0.

83
–1

.0
3

0.
15

D
ai

ry
 (

pe
r 

C
E

)
1.

15
0.

89
 to

 1
.5

0
1.

28
0.

94
–1

.7
5

0.
11

* M
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 a

dj
us

te
d 

fo
r 

ag
e,

 g
en

de
r, 

ra
ce

, e
th

ni
ci

ty
, d

ur
at

io
n 

of
 d

is
ea

se
, b

od
y 

m
as

s 
in

de
x,

 to
ta

l e
ne

rg
y 

in
ta

ke
 a

nd
 u

se
 o

f 
di

se
as

e-
m

od
if

yi
ng

 tr
ea

tm
en

t.

C
E

, c
up

 e
qu

iv
al

en
t; 

ts
p,

 te
as

po
on

.

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2019 January 01.


	Abstract
	INTRODUCTION
	METHODS
	Study participants
	Clinical and demographic information
	Nutrient and energy intake assessment
	Statistical analysis

	RESULTS
	Patient characteristics
	Diet and relapse association

	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Various nutrients intake and MS relapse risk using univariate and multivariate Cox proportional hazard modelUnadjusted HR95% CIAdjusted HR*95% CI*p ValueEnergy intake (per 100 kcal)0.990.95 to 1.020.990.95–1.030.59Total fat intake (per 10 g)1.030.80 to 1.331.200.89–1.620.23  As recommended1.020.36 to 2.951.470.48–4.550.50  High intake1.320.47 to 3.692.160.71–6.620.18Fat type (per 10% energy intake)  Saturated1.860.82 to 4.243.371.34–8.430.009  Monounsaturated1.200.50 to 2.922.300.82–6.470.11  Polyunsaturated0.280.04 to 1.710.470.07–3.410.46Percent energy intake from fat (per 10%)1.180.83 to 1.671.561.05–2.310.027Cholesterol (per 10 mg)0.990.96 to 1.031.000.97–1.040.93Vegetable intake (per CE)0.580.35 to 0.960.500.27–0.910.024Fruit intake (per CE)0.900.71 to 1.120.850.66–1.090.21Fibre intake (per gram)0.950.89 to 1.010.940.87–1.000.07Carbohydrate intake (per 10 g)1.000.92 to 1.080.960.87–1.060.40  As recommended1.120.73 to 1.721.030.63–1.690.90  High intake0.880.27 to 2.880.550.15–2.030.37Percent energy intake from carbohydrate (per 10%)0.920.72 to 1.180.780.58–1.030.08Protein intake (per 10 g)0.980.81 to 1.180.980.80–1.200.82Percent energy intake from protein (per 10%)0.930.49 to 1.761.000.50–2.000.99Sugar intake (per tsp)1.020.99 to 1.061.020.98–1.060.39Iron (per mg)0.980.89 to 1.080.920.83–1.030.15Dairy (per CE)1.150.89 to 1.501.280.94–1.750.11*Multivariable analysis adjusted for age, gender, race, ethnicity, duration of disease, body mass index, total energy intake and use of disease-modifying treatment.CE, cup equivalent; tsp, teaspoon.



