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RESEARCH QUESTION

What is the role of diet, evaluated by reported nutrition intake, in modulating clinical and radiologic disease activity in pediatric multiple sclerosis?   
 
INTRODUCTION  

Multiple sclerosis (MS) pathophysiology remains yet to be elucidated and an increasing number of environmental factors and genetic contributions are being discovered over time (Waubant et al., 2019).  Pediatric onset MS (POMS) is rarer than in adult MS with an incidence of 1-2 per 100,000 (Alroughani & Boyko, 2018). Despite its higher relapse rate and more inflammatory course (Gorman et al., 2009), families may be hesitant to initiate lifelong immunomodulating medications. As differences in diet may modulate disease activity (Azary et al., 2018; Swank & Goodwin, 2003) a better understanding of the diet’s role might further guide strategies for lifestyle recommendations for families and patients with MS, while awaiting more robust intervention-based studies. 
One of the first links between diet and MS course was described by Swank et al. starting in the 1950’s, correlating a more severe MS with the increasing consumption of saturated animal fats (Swank & Goodwin, 2003). To this day, the role of diet in MS course remains largely unknown with no established guidelines. Our prior work suggests that in children with MS, high energy intake from fat, especially saturated fat, may be associated with a higher hazard to relapse, while vegetable intake may be independently protective (Azary et al., 2018). Though no dietary associations with radiographic MS disease activity have been published thus far, certain dietary lifestyles such as ‘Mediterranean-DASH Intervention for Neurodegenerative Delay’ may be correlated with degree of brain atrophy on MRI (Katz Sand et al., 2021). 
In this study, we aim to evaluate the association between macro- and micro-nutrients and subsequent risk of MS progression in 400 pediatric cases. The study expands on prior work, specifically by studying a larger cohort of patients, including MRI activity in addition to clinical course, over a longer duration and with more comprehensive nutritional predictors. 

STUDY DESIGN

This study is a prospective cohort study with the predictors being dietary components and the outcomes being MS disease progression clinically and on MRI, with outcome follow-up longitudinally up to approximately 7 years for 400 cases followed in 11 different POMS centers around the US as part of the US Network of Pediatric Multiple Sclerosis Centers (USNPMS) (Fig. 1) (Casper et al., 2014). Comparisons will be made using a combination of ordinal and categorical nutritional predictors. We will use prospective clinical follow-up data to investigate the longitudinal associations between diet using a detailed validated food frequency questionnaire Block Kids 2004 and (1) MS burden measured via (a) clinical relapse rate, (b) Expanded Disability Status Scale (EDSS), and (c) Symbol Digit Modalities Test (SDMT), as well as radiographic MS burden measured via (a) T2 progression on MRI and (b) Gadolinium-enhancement on MRI. 
This study, given its nature, does have limitations of being observational and self-reported without any regulation of diet and having limited data regarding dietary intake as only one time point and not accounting for other confounders such as genetic (considered to account of 30% of MS susceptibility and disease course) or environmental exposures (such as sun exposure leading to variable levels of Vitamin D) (Waubant et al., 2019). In an ideal scenario, one would conduct a randomized control trial twin study to regulate diet and account for genetic or other environmental variables affecting MS in a more stringent manner. The difficulty with the alternative study design would be significant limitations of the subject pool given stringent inclusionary criteria, including losing diversity that is currently possible using subjects from all over the country, and difficulty implementing and enforcing a strict diet for prolonged periods of time with a possibility of a high attrition rate. 

Aim: To determine whether dietary intake is associated with pediatric MS course. 



Fig. 1.  Schematic of study timeline 

SUBJECTS AND VARIABLES

The target population for this study would be all patients with POMS in the US, and the accessible population for this study would be patients seeking care at USNPMS centers. Subject inclusion criteria consist of subjects being aged < 18 years at time of onset with disease duration < 4 years at the time of enrollment and ≥2 silent T2-bright foci on brain/cord MRI and meet published criteria for MS or clinically isolated syndrome at risk for MS. Exclusion criteria consists of subjects not able to complete the two questionnaires or with a high likelihood of not having follow-up (e.g., one time consultation visit). Study participants will be sampled from the accessible population by seeking voluntary enrollment and will be recruited by physicians and study site coordinators at USNPMS centers.
The strategies to retain patients longitudinally include requiring only one detailed nutritional questionnaire and providing the subjects and families ongoing clinic follow-up at their MS center, as would be needed regardless of the study. The implications of the selection criteria could limit generalizability of the study’s findings to MS patients within the US given the varied dietary patterns present in different countries and may limit it towards younger MS patients that could have different disease pathophysiology than patients with longstanding or progressive MS. The voluntary nature of enrollment may also recruit a more nutritionally inclined subject pool that could be less representative of the POMS population at large. 
The predictors for this study will be based around reported nutrition intake. Primary predictors include total vegetable intake, % of calories from total fat, and saturated and unsaturated (mono and poly) fatty acids. Secondary predictors include type of vegetables, omega-3 and omega-6 fatty acids, trans fatty acids, sugar and fruit intake, % of calories from carbohydrates and proteins, baseline serum lipid and fatty acid profile. These will be obtained at time of enrollment in study using a food frequency questionnaire Block Kids Food Screener (BKFS) 2004 (Cullen et al., 2008), a full-length questionnaire validated for children between 2-17 that consists of 79 questions evaluating the frequency and portions of food and beverages consumed during the previous week as completed by parent or caregiver during the clinic visit. 
For the outcome variables, standardized prospective follow-up scheduled every 6 months will capture critical clinical outcomes, with prospective follow-up entered in the Network Database (Fig. 1). Relapses will be the primary outcome measure. The primary analysis will be with relapse rate (continuous variable) with a relapse defined as new or recurrent neurological symptoms localizing to the central nervous system, 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. Secondary analyses will include time to first relapse after study enrollment, and time to relapses. Confirmed disability progression on EDSS (clinically meaningful change (CMC) defined as a >1.0 point change for EDSS below 5) and SDMT (CMC defined as a 10 point worsening on the raw score) will be secondary outcome measures and will be used as dichotomous outcomes. Radiographic evolution will be measured as T2 progression on brain MRI in terms of number of interval lesions compared to prior as a continuous variable, and if noted to have gadolinium-enhancement on MRI on current MRI as a dichotomous variable. 
This study is designed to a recruit a set of subjects that is sufficiently representative to its target population as it will be conducted over 11 different clinical centers as part of the USNPMS and the study aims to recruit a large sample size (N=400) to minimize random error. 

STATISTICAL ANALYSIS
 
The research hypothesis is nutritional predictors, as measured by dietary intake, are associated with progression on POMS clinically, as measured by relapse rates, or radiographically, as measured by progression on MRI. The alternative null hypothesis would be that dietary intake is not associated with progression of POMS. After analysis, the anticipated result may affirm that certain nutritional intake patterns (e.g. decreased intake of saturated fats, or increased intake of vegetables as demonstrated in a prior, smaller study (Azary et al., 2018)) do impact the course of POMS, and provide additional nutritional intake patterns with a larger sample size and longer follow-up. This may guide strategies for lifestyle recommendations, specifically around dietary intake, for families and patients with MS. 
The statistical test for the primary analysis will be linear regression with test for trend given that the nutritional predictors are largely categorical (ordinal) variables and clinical progression would be measured by relapse rate as a continuous variable. For the secondary analysis focused on progression on MRI, the statistical test would change to Chi-square test given that the predictors would remain categorical, but the outcomes would be now dichotomous. 
The expected POMS annualized relapse rate (ARR) is varied in literature, estimated at 0.24, 0.36, 1.13, respectively by Azary et al., 2018; Gorman et al., 2009; Krysko et al., 2020, with a calculated average of 0.58 and standard deviation (SD) of 0.48. Representative power calculation for planned primary analysis given (i) known sample size of 400 subjects (N=150 with exposure to certain aspects of diet (e.g. high fat), N=250 without exposure), (ii) alpha=0.05, (ii) use of categorical exposures, (iii) SD of ARR of 0.48, (iv) two-tailed hypothesis, and (v) power of 80% (beta=0.20), could detect an effect size of 0.16 less relapses, which would likely be clinically meaningful in a disease with an ARR of 0.58. Of note, given the intervention is focused on dietary changes, with likely minimal side effects in comparison to e.g., starting a new medication, it would be helpful to detect even small effect sizes as patients and families may still utilize that information to guide dietary strategies.  
In this observational study, it will be important to mitigate other components to increase confidence in the associations noted. Some of the confounders that will be addressed as co-variates will be age (at enrollment), sex (male/female), race/ethnicity, disease duration (time from first MS symptoms to enrollment), BMI (percentile, adjusted for age), exposure to cigarette smoking (positive if exposed for > 6 month vs. negative), SES (defined as highest education level attained by the participants’ mother), baseline 25(OH) vitamin D serum level (measured at time of enrollment), total energy intake, and disease modifying therapy (DMT). These exposures have been associated with POMS occurrence or progression per prior literature (Waubant et al., 2016). Some strategies to address confounders would be statistical modeling with multivariable linear regression accounting for covariates. The study would further employ stratification to ensure no significant effect of DMT itself while maintain large enough sample sizes per strata. Specifically, DMT use will be categorized in 4 groups based on their reported effect on relapse risk in adult MS: 1) no DMT; 2) injectable DMTs; 3) oral DMTs and 4) monoclonal antibody infusions (e.g., rituximab) and then analyzed as a co-variate. This overall approach can lead to dilution of the results given the complexity of this analysis and the interrelated nature of certain variables (e.g., BMI and diet) and would require a statistician’s guidance. To draw the most accurate conclusions, it would be important to conduct the analysis with and without correction for confounders. 
Additionally, the BKFS questionnaire itself can pose limitations in interpretating the data that the study will be try to address. Questionnaires can create recall bias but this questionnaire aims to minimize time between survey and recall as it requests prior week’s dietary intake. Though it would be more representative to have multiple surveys over time, it would be more onerous for subjects’ caregivers and would require more staff resources than currently available to complete this detailed questionnaire multiple times. It would also be difficult to interpret the questionnaire data variation in this study model. Of note, BKFS is thought to provide a representative dietary intake over time as it has been validated against three 24-hour dietary recalls in children aged 10-17 (Hunsberger et al., 2015). Subjects will be excluded if >15 answers are missing or if reported estimates reflect biologically implausible daily energy intakes (<500 or >5,000 kcal/day) using Nutrition Quest dietary estimates from the National Health and Nutrition Examination Survey 24-hour recall data as a benchmark. 
Overall, the Data Coordinating and Analysis Center (DCAC) based in Utah manages all data entry, study management, as well as IRB approval process for the above pediatric MS Network projects. Data collection for this project will be overseen by the DCAC, with close collaboration with the PI and the site PIs. 

SUMMARY 
MS course remains difficult to predict and available DMTs are only partially effective and have substantial side effects and costs, and patients and families often ask regarding easier intervention such as altering diet. The current proposal will aim to extend our preliminary work by: (1) confirming the association between fat and vegetable intake, and disease activity and progression, (2) unraveling the role of a specific biological pathways related to diet, and (3) leading to healthy dietary recommendations that may decrease disease activity and progression. This is critical to develop more effective approaches for patient care. We anticipate these findings in children will be generalizable to adults since the overall MS presentation and course are similar in both age groups except that children have higher relapse rates and slower disability progression than adults.	              

Protocol Appendix

Document 1: Block Kids Screener 2004, Food Frequency Questionnaire (attached) 
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Predictors:
Detailed Food Frequency Questionaire completed at time of enrollment


 Clinical Evolution through Clinical Visits 


Relapses reported by patients, families or providers


Ratings on objective MS disease severity scales


 Radiographic Evolution on MRI 


Increased T2 lesion burden progression on MRI


Gadolinium-enhancement on MRI


Outcomes: 
Six-month clinic follow-up visits 
(for up to 8 years of MS disease data)



Nutritional Intake
