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Abstract

Objective: Diet quality is important for people with multiple sclerosis (MS), but conflicting
online information causes them confusion. People with MS want evidence-based MS-specific
information to help them make healthy dietary changes, and we co-designed an
asynchronous, online nutrition education program (Eating Well with MS) with the MS

community. Our aim was to determine the feasibility of Eating Well with MS.

Methods: We used a single-arm pre-post design. The feasibility trial was a nine-week
intervention with adults with confirmed MS. Feasibility outcomes: 1) demand (recruitment);
2) practicality (completion); 3) acceptability (Intrinsic Motivation Inventory:
interest/enjoyment and value/usefulness subscales); and 4) limited efficacy testing (Diet
Habits Questionnaire (DHQ); Critical Nutrition Literacy Tool (CNLT); Food Literacy
Behaviour Checklist (FLBC)).

Results: The recruitment target (n=70) was reached. 87% completed at least one module and
57% completed the full program (five modules). The median interest/enjoyment rating was 5
out of 7 and median value/usefulness rating was 6 out of 7 (where 7 = “very true’). Compared
to pre-program, participants who completed any of the program had statistically significantly
improved DHQ, CNLT, and FLBC scores.

Conclusion: Eating Well with MS was well received by the MS community and improved
their dietary behaviours; demonstrating feasibility. Our findings support the use of co-design
methods when developing resources to improve dietary behaviours.

Keywords: co-design, nutrition education, mixed-methods, online education, multiple

sclerosis, diet



1.0 Introduction

Emerging evidence suggests that diet, a modifiable lifestyle factor, may influence the
pathogenesis and course of multiple sclerosis (MS).[1] People with MS in Australia are
advised by MS organisations to follow the Australian Dietary Guidelines to improve overall
health, reduce the risk of vascular co-morbidities, and ensure adequate nutrient intake.[2, 3]
These outcomes are important, because vascular co-morbidities are associated with increased
disability progression[4, 5] and some nutrient deficiencies may accelerate demyelination.[6]
High-quality diets, such as those in line with the Australian Dietary Guidelines, have been
significantly associated with improved quality of life,[1, 7] lower relapse risk,[8] and reduced

symptoms of depression[7, 9] in people with MS.

We have previously reported that 40% of Australians with MS make dietary modifications
after diagnosis.[10] While some of the dietary changes aligned with a healthier diet (i.e.,
increased consumption of fruit and/or vegetables), some changes, such as eliminating all
dairy foods, were not.[10] People with MS search the internet for information about diet,[11,
12] where they find conflicting information, including non-evidence-based restrictive diets
that often promote eliminating entire food groups.[13] Our qualitative research has shown
that conflicting dietary information causes angst when deciding what foods to choose/limit,
and people with MS want MS-specific dietary advice.[14] Making dietary changes helps
people with MS to feel more in control of their disease[12] and eHealth interventions can
overcome physical and geographic barriers to participation and are well accepted by people
with MS.[15]

Precipitated by our qualitative research with people with MS, we developed an online
nutrition education program, Eating Well with MS (EWWMS), using co-design
principles.[16, 17] Details of the co-designed program development have been published
previously.[18] Briefly, EWWMS was underpinned by a theoretical framework (the self-
determination theory[19] and the context, executive and operational systems (CEQS)
theory[20]) and a program logic model. The program used 28 behaviour change techniques
(BCTs) classified according to Michie et al.’s 93-item BCT Taxonomy,[21] including

information about health consequences, behaviour practice/rehearsal, social comparison, and



credible sources. To support the translation of nutrition information into dietary behaviour
change, the program focussed on goal setting, action planning, and problem-solving.
EWWMS was designed to provide participants with the knowledge and skills to: 1) manage
their symptoms through healthy eating; 2) assess the quality of their eating habits; 3) select,
prepare, and cook healthy meals; 4) judge the credibility of special diets that are marketed to
people with MS; and 5) explain how researchers develop evidence in the field of nutrition
and MS.

An important step in developing an evidence-based nutrition program is to run a feasibility
study. A feasibility study is intended to generate evidence to determine if and how to scale up
to an effectiveness study.[22] The aim of this study was to assess the feasibility of EWWMS.
The domains used to assess feasibility were guided by the National Cancer Institute
feasibility studies framework, namely demand (recruitment), practicality (completion, e.g.,
ability of participants to complete the intervention), acceptability, and limited efficacy
testing.[22] The objectives were: 1) to determine the feasibility of EWWMS with respect to
demand, practicality, and acceptability; and 2) to assess the efficacy of EWWMS with respect
to diet quality, nutrition literacy, and food literacy.

2.0 Material and methods

2.1 Study design and participants

EWWMS was assessed using a single-arm pre-post design. A within subject study design was
chosen to optimise statistical power, with each participant acting as their own control.[23] A
power analysis showed that a sample of 35-40 participants would yield sufficient power to
detect a modest change of 0.1 in the Diet Habits Questionnaire (DHQ) with a power of 0.8
with alpha at 0.05. The estimates of standard deviation and effect size used in the power
calculation were based on a previous study using the DHQ as the outcome measure.[24] The
aim was to recruit 70 participants to account for approximately 20% attrition between pre-

and post-intervention measures.

This study was approved by [blinded for review] Human Research Ethics Committee
(HREC2022-0020). Written informed consent was obtained from all participants.



This trial was registered with the Australian New Zealand Clinical Trials Registry
https://www.anzctr.org.au/ Trial Id: ACTRN(12622000276752).

Participants were recruited between July-August 2022 through MSWA (a non-profit support
and service provider to people living with neurological conditions in Western Australia) via
newsletter and email, and our previous participant database. Potential participants were
provided with the study details, screening process, time commitment, roles and
responsibilities of the research team, and the rights of participants. The exclusion criteria
were: aged less than 18 years; participation in the co-design workshops or interviews;[18]
currently working with a dietitian in relation to a health condition; and having completed an
online nutrition education program previously. Eligible participants could understand English

language, had internet access, and provided online informed consent.

2.2 Intervention

Before the program commenced, participants were posted a package which contained
hardcopy recipe booklets, the EWWMS Activity Book, and a brochure and poster on healthy
eating.[3] The total program comprised seven modules (Table 1), with Modules 2-6 forming
the core program. The program was asynchronous (self-paced, one module released each
week for seven weeks) with two additional weeks allocated for program completion

(intervention duration = nine weeks).

Table 1. Eating Well with MS weekly modules

Module1  Welcome

Module 2* Healthy eating is important for people with MS

Module 3* Personalising your eating habits

Module 4* Making changes to your eating habits

Module 5* Understanding the diets that are marketed to people with MS

Module 6* Understanding the research on diet and MS

Module 7 Summary

MS, multiple sclerosis. Average readability score of the text within the modules = Grade 8).

*Indicates modules that comprise the core program


https://www.anzctr.org.au/

2.3 Data collection

Participants were emailed weblinks to complete the baseline and post-intervention online
surveys (Qualtrics, Provo, UT). Information collected at baseline included demographics
(age, sex, highest level of education, employment status), disease characteristics (type of MS,
date of diagnosis), and current dietary behaviours (if dietary changes were made for MS

and/or other health conditions and if they were following a specific diet).

2.3.1 Primary objective (feasibility)

Demand was assessed using participant recruitment (were 70 participants recruited: yes/no),
and length of time required for recruitment (were 70 participants recruited within six weeks:
yes/no). Practicality was assessed using participant completion (the proportion of participants
that completed each module and proportion that completed the core program). Acceptability
was assessed using the interest/enjoyment and the value/usefulness subscales of the Intrinsic
Motivation Inventory (IMI).[25] Both subscales contain seven questions assessed on a 7-

point Likert scale (‘not true at all’ (1) to ‘very true’ (7)).

2.3.2 Secondary objective (limited efficacy)

Limited efficacy testing was measured using three tools. Dietary behaviour change was
measured using the DHQ (20 questions pertaining to type of food and methods of food
preparation), which has been previously modified for use by people withMS.[24] Each
question scores from 1-5 and produces 8 dietary subscores: cereals; fruits and vegetables;
omega-3 fatty acids; food choices; food preparation; takeaways and snacks; fat; and fibre.
The overall score ranges from 20 to 100, where higher scores indicate better dietary
habits.[24]

Nutrition and food literacy were considered determinants of dietary behaviour change.
Nutrition literacy was measured using the Critical Nutrition Literacy Tool (CNLT; 19
questions: 8 questions in the engagement in dietary habits scale and 11 questions relating to
taking a critical stance towards nutrition claims and their sources).[26] Each question is
assessed on a 5-point Likert scale (‘disagree strongly’ (1) to ‘agree strongly’ (5)). Total
scores ranged from 8-40 for engagement and 11-55 for nutrition claims, where higher scores
indicate great critical nutrition literacy.[26] Food literacy was measured using the Food

Literacy Behaviour Checklist (FLBC; 15 questions pertaining to frequency of behaviours in



the last month in relation to planning, management, selection, preparing and eating food).[27]
Each question is assessed using a 5-point Likert scale (‘never’ (1) to ‘always’ (5)). The total

score ranges from 16-80, with higher scores indicating greater food literacy. [27]

Other measures that are known to impact on people’s ability to change dietary behaviours
were collected (disability, depression, anxiety, fatigue, and dietary stage of change).
Disability was measured using the Patient-Determined Disease Steps (PDDS), a self-reported
rating of disability ranging from ‘normal’ (0) to ‘bedridden’ (8).[28] Depression and anxiety
symptoms were measuring using the Hospital Depression and Anxiety Scale (HADS), 7
questions about measuring depression symptoms and 7 questions measuring anxiety
symptoms produce total scores ranging from 0 to 21 for each scale, where higher scores
indicate greater symptoms of depression or anxiety.[29] Fatigue as measured by the Fatigue
Severity Scale (FSS), two parts: a 9 questions which measure how fatigue affects activities,
assessed using a 7-point Likert scale from strongly disagree’ (1) to ‘strongly agree’ (7), and
the Visual Analogue Fatigue Scale to assess global fatigue (1 question, score ranging from
‘worst’ (0) to ‘normal’ (10)), FSS total scores range from 9 to 63, with higher scores
indicating greater fatigue severity.[30] Dietary stage of change was measured using the
Healthy Dietary Stages of Change Instrument (HDSC), 4 questions relating to engagement in
healthy dietary behaviours (e.g., “Do you currently engage in regular healthy eating”) rated
on a dichotomous “yes” or “no” and converted using a scoring algorithm to represent the
degree of engagement along a 5-point continuum: 1 (precontemplation), 2 (contemplation), 3

(preparation), 4 (action), and 5 (maintenance).[31, 32]

2.4 Data Analysis

Pre- and post-intervention characteristics of participants were reported using frequency and
percentage for categorical variables and mean and standard deviation (SD) or median and
interquartile range (IQR) for continuous variables. Median (IQR) score was calculated for
each subscale of the IMI. To assess possible covariates associated with the DHQ, we
examined if PDDS, HADS, FFS, and HDSC were associated with the total DHQ or with any
of the eight subscores. Backward stepwise general linear modelling was used with all
covariates entered in the initial model: sex (male/female), age (years), education (up to year

12; Trade/Apprenticeship/TAFE/Diploma; Bachelor’s degree; Postgraduate degree),



employment status (employed; unemployed looking for work; retired; disability pension;
homemaker; volunteering/other), type of MS (RRMS, PPMS, SPMS, PRMS, other), time
since diagnosis (years), diet changed because of MS (yes/no), following a specific diet
(yes/no), HDSC (precontemplation, contemplation, preparation, action, maintenance), PDDS
(1-8), depression (0-15), anxiety (0-20), FSS (9-63), interest/enjoyment (20-49),
value/usefulness (9-49), CNLT (2.5-4.4), and FLBC (1.9-4) scores. For limited efficacy
testing, each covariate with p>0.10 was systematically removed and the final model was
bootstrapped (500 replicates). Adjustments were made to the bootstrapped model until all
remaining variables had a p<0.1. Statistically significant associations for the dietary
predictor variables was defined as p<0.05. Stata version 18 (StataCorp, College Station, TX,

USA) was used for all analyses.

3.0 Results

3.1 Participant characteristics

A total of 67 participants completed the baseline survey and 50 completed the post-
intervention survey (Table 2). Most of the participants who completed the post-intervention
survey were female (94%), had achieved a bachelor’s degree or higher (54%), and were
currently employed (60%). The median time since diagnosis was 9 years. A quarter (24%)
were currently making dietary changes for their MS and 12% were currently following a

specific diet.

Table 2 Participant characteristics at baseline and post-intervention

Pre- Post-
intervention intervention
(n=67) (n=50)
Sex, n (%)
Males 3(4.5) 3(6.0)
Females 64 (95.5) 47 (94.0)
Age, median (IQR) 48.0 (16.0)  50.0 (14.0)
Highest education completed, n (%)
Up to year 12 16 (23.9) 10 (20.0)
Trade/Apprenticeship/TAFE/Diploma 17 (25.4) 13 (26.0)
Bachelor’s degree 21 (31.3) 18 (36.0)
Postgraduate degree 13 (19.4) 9 (18.0)

Employment status, n (%)



Employed 42 (62.6) 30 (60.0)
Unemployed looking for work 4 (6.0) 4 (8.0)
Retired 7 (10.4) 5 (10.0)
Disability pension 6 (9.0) 6 (12.0)
Homemaker 5(7.5) 4 (8.0)
Volunteering/other 3(4.5) 1(2.0)
Disease characteristics
Type of MS, n (%)
Relapsing-remitting 51 (76.1) 37 (74.0)
Primary-progressive 4 (6.0) 2 (4.0
Secondary-progressive 5(7.5) 4 (8.0)
Progressive-relapsing 6 (9.0) 6 (12.0)
Other 1(1.5) 1(2.0)
Time since diagnosis, years, median (IQR) 8.8 (13.3) 9.3(14.3)
Dietary characteristics
Currently making dietary changes for MS, n
(%)
No 50 (74.6) 38 (76.0)
Yes 17 (25.4) 12 (24.0)
Currently following a specific diet, n (%)
No 60 (89.6) 44 (88.0)
Yes 7 (10.4) 6 (12.0)

IQR, interquartile range; MS, multiple sclerosis; SD, standard deviation; TAFE,
Technical and Further Education

3.2 Feasibility

Demand: One round of recruitment notices was distributed, with 108 participants completing
the screening questionnaire within a six-week timeframe, of which 96 (89%) were eligible.
Of those 96 eligible participants, 73 (76%) consented to enrol by providing a postal address
and a letter from their neurologist or other health professional confirming MS diagnosis. A
total of 67 participants completed the baseline survey (3 withdrew prior to program starting,

due to personal reasons) (Figure 1).



Screened Screened priorto eligibility
assessment (n=108)

h 4

Excluded (n=0)

¥

Assessed for eligibility

Excluded (n=41)

+ Mot meeting inclusion criteria (n=12)

# No response (n=16)

# Eligible but declined to participate (n=5)
+ Did not complete baseline survey (n=3)
¢ Did not return letter confirming diagnosis
of multiple sclerosis (n=2)

# Completed baseline survey but withdrew
priorto program starting due to personal
reasons (n=3)

h 4

L

Allocation Completed baseline survey and allocated to
intervention (n=67)

Follow-Up Lost to follow-up (n=17)

+ Mever logged into the online program (n=4)

+ Did not complete any compulsory modules (n=4)

+ Did not complete the post-intervention survey (n=9)

¥

Assessment Assessed for objective 1 (feasibility) (n=67)
Assessed for objective 2 (efficacy) (n=50)

my

Figure 1 CONSORT flow diagram[46] detailing participant screening and allocation.

A total of 59 (87%) participants completed at least one of the five core modules, 45 (67%)
completed more than half, and 38 (57%) completed all five core modules of EWWMS within
the nine-week timeframe. Figure 2 shows the percentages of participants who completed each

of the core modules.

The median (IQR) interest/enjoyment rating was 5.0 (1.7) and median (IQR) value/usefulness

rating was 5.9 (2.1) out of 7 (where 7 = ‘very true’).
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Figure 2 Proportion of participants (n=67) that completed each of the modules in Eating

Well with MS.

3.3 Limited efficacy testing

The total DHQ score and all the DHQ subscores (except the food preparation subscore) were

statistically significantly higher at post-intervention compared to baseline (Table 3). Scores

for both the CNLT and FLBC were statistically significantly higher at post-intervention

compared to baseline. There were no other statistically significant differences in any of the

psychosocial measures (disability, depression, anxiety, or fatigue symptoms, and dietary

stage of change) between baseline and post-intervention.

Table 3 Differences in scores between baseline and post-intervention

Pre-intervention

Post-

Variable (n=67) intervention P
DHQ total score, mean (SD)* 69.3 (10.1) 75.9 (9.9) <0.0001
DHQ subscores, mean (SD)*
Cereals 3.0(0.8) 3.6 (0.7) <0.0001
Fruit and vegetables 1.4 (0.5) 1.7 (0.4) <0.001
Omega-3 fatty acids 2.6 (1.1) 3.0(1.3) 0.002
Food choices 3.2(0.9) 3.5(0.9) 0.002
Food preparation 4.0 (0.7) 4.0 (0.6) 0.521
Takeaways and shacks 3.0(0.9) 3.5(1.0) <0.0001
Fat 3.4 (0.6) 3.7 (0.6) <0.001
Fibre 3.0(0.7) 3.5 (0.6) <0.0001
Nutrition literacy (CNTL), mean (SD)* 3.2(0.4) 3.5(0.4) <0.0001
Food literacy (FLBC), mean (SD)f 2.8 (0.5) 3.0(0.4) <0.0001
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Disability (PDDS), median (IQR) 2.0 (3.0) 2.0 (3.0) 0.403

Depression (HADS), median (IQR)* 6.0 (5.0) 7.0 (4.0) 0.851
Anxiety (HADS), median (IQR)T 8.0 (6.0) 8.0 (5.0) 0.777
Fatigue (FSS), median (IQR)" 42.0 (30.0-54.0) 44.0 (31.0-56.0) 0.666
Dietary stage of change (HDSC), n (%) 0.074

Precontemplation 0 (0.0 0 (0.0

Contemplation 1(2.0) 3(6.1)

Preparation 8 (16.3) 2(4.1)

Action 7(14.3) 11 (22.5)

Maintenance 33 (67.4) 33 (67.4)

CNLT, Critical Nutrition Literacy Tool; DHQ, Diet Habits Questionnaire; FLBC, Food
Literacy Behaviour Checklist; FSS, Fatigue Severity Scale; HADS, Hospital Depression and
Anxiety Scale; HDSC, Healthy Dietary Stages of Change Instrument; PDDS, Patient-
Determined Disease Steps; SD, standard deviation.

“n=50

"n=49

The only characteristics associated with change in DHQ score at post-intervention were
fatigue and depression symptoms: when both the FSS and HADS-depression (HADS-D)
scores were high there was a significant association with lower DHQ (Figure 3). Fatigue

symptoms alone were not associated with lower DHQ.

82—L
80 — #-- HADS-D score=4 (low)
% —k— HADS-D score=6 (medium)
a ---m - HADS-D score=8 (high)
&
@
E 784
k=]
2
L2
k=] S
o =~
o
76
74 I |
31 44 56

Fatigua Severity Score

Figure 3 Interactive effect of Fatigue Severity Score and Hospital Depression and Anxiety
Scale Depression score (HADS-D) score on diet quality, measured using the Diet Habits

Questionnaire (DHQ) post-intervention
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4.0 Discussion and Conclusion

4.1 Discussion

There is growing consensus that improving the effectiveness of nutrition interventions relies
on attention to design and feasibility/piloting.[33] Using the domains of demand
(recruitment), practicality (completion), acceptability, and limited efficacy testing (dietary
behaviours), we found that an asynchronous, online nutrition education program for people

with MS consisting of seven modules, including five core education modules, was feasible.

There was sufficient demand to meet the recruitment target to detect a meaningful change in
diet quality (measured using the DHQ) and it was feasible to request a letter from a
neurologist/other health provider as evidence of MS diagnosis. The online nutrition education
program was practical for people with MS to complete, with the completion rate (56%)
exceeding the 40% completion rates of other online courses[34] and in alignment with other
online MS programs.[35, 36] Our study completion rates highlight the practicality of the
intervention. Additionally, the median interest/enjoyment and value/usefulness scores
indicate that EWWMS was well-received, reinforcing the acceptability as an intervention for
people with MS. The EWWMS program was codesigned with MS community input and best
practice educational features, including positive tone and credible presenters, the success of
which has also been shown in other acceptable online MS programs.[37-39]

The statistically significant improvements in the DHQ, CNLT, and FLBC scores demonstrate
that EWWMS positively influenced the participants' dietary behaviours. A recent study that
evaluated an online course to increase understanding about MS showed that 30% of
participants with MS reported improved diet quality; however, no validated tool was used,
only one module contained brief information about diet, and food literacy and nutrition
literacy were not assessed.[35] Another study evaluating an online MS wellness program
found no statistical difference in fruit and vegetable intake between the intervention and
waitlist control groups.[40] Given the complexity of dietary behaviour change, it is not
surprising that education programs that only aim to increase knowledge are considered

ineffective for improving health-related outcomes in people with MS.[41] While we did not
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find any significant change in health-related outcomes between pre- and post-intervention
(PDDS, HADS, FSS, and HDSC), we did identify participants who may be more vulnerable
to lower diet quality - namely, people with higher fatigue and depression symptom scores.
People with MS have identified the need for behavioural supports to encourage positive
dietary change,[42] further justifying the importance of a theoretical framework and BCTs
underpinning interventions to facilitate positive dietary behaviour change, and the need to

evaluate other measures of dietary behaviours, such nutrition and food literacy.

EWWMS addressed the needs of people with MS for evidence-based and MS-specific dietary
guidance, and the online format addressed potential physical and geographic barriers.[15]
Epidemiological evidence suggests that a healthy diet can alleviate some MS symptoms,
improve quality of life, and reduce relapse rate.[7-9] The positive changes in dietary
behaviours demonstrated in this feasibility study suggest that interventions like EWWMS
could contribute to improved well-being and disease management among people with MS.
The majority (67%) of participants in this study indicated that they were already in the
maintenance stage of dietary change (maintaining healthy dietary habits for the past six
months and intending to continue[31]); however, some participants moved from preparation
(not currently engaging in regular healthy eating, but intending to in the next 30 days) to
action (currently engaging in regular healthy eating but for less than six months), highlighting
the success of the program to prompt positive dietary change. While people with MS in
Australia have reported making dietary changes towards a healthy diet,[10, 43] the mental
effort required to make and sustain dietary changes[43] warrants the implementation of
nutrition education programs such as EWWMS to support people with MS in making healthy

dietary choices.

There are several strengths to this study. Firstly, the demographics of our participants aligned
with those in other online MS programs (majority female[35, 40, 44, 45] and up to half with a
university education[35, 45]). Secondly, we optimised statistical power by using participants
as their own controls. Thirdly, we used recognised domains of feasibility, as guided by the
National Cancer Institute feasibility studies framework.[22] Limitations of this study were: i)
self-reported measures for assessing diet and psychosocial factors, introducing the potential

for measurement error; ii) varying module completion rates and overall participant retention
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rate; and iii) no comparator arm; hence, we are not sure if the changes in dietary behaviours
can be attributed to the intervention (although this was not the purpose of this feasibility

study).

4.2 Conclusion

Our co-designed nutrition education program addressed the need for reliable, evidence-based
nutrition education for people with MS and implementation was well-received, demonstrating
feasibility with respect to the demand, practicality, acceptability, and limited efficacy testing.
The potential for further tailoring of the content and delivery, investigating factors
influencing engagement and strategies to enhance adherence to the program, and a larger-
scale effectiveness study to validate the long-term impact of the program are warranted. Our
findings support nutritionists and dietitians to use co-design methods when developing
resources to improve dietary behaviours. Future research should also consider recruiting more

participants in the preparation stage of change.

4.3 Practice Implications

Co-designing a nutrition intervention with the end-users resulted in a program that was well-
received, suited to the needs of people with MS, and improved diet quality. Health
professionals and researchers should collaborate and engage with the communities that they
are developing health resources and interventions for, to increase the likelihood of acceptance

and positive behaviour change.

We confirm all patient/personal identifiers have been removed or disguised so the
patient/person(s) described are not identifiable and cannot be identified through the details of

the story.
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