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Objectives: To explore the association between dietary factors including fat, fruit and vegetable intake, dairy
and meat consumption, and health-related quality of life (HRQOL), disability and relapse rate in a large
international sample of people with multiple sclerosis (MS).
Methods: Participants with MS were recruited to the study via Web 2.0 platforms and completed a
comprehensive survey measuring demographic and clinical characteristics, HRQOL, disability, relapse
rate, and the Diet Habits Questionnaire (DHQ).
Results: Of 2469 participants with confirmed MS, 2087 (84.5%) provided complete data on their dietary
habits (DHQ total score). Multivariate regression models demonstrated that every 10-point increase on the
DHQ total score was associated with nearly a six-point and five-point increase in physical and mental
HRQOL, respectively, and 30.0% reduced likelihood of a higher level of disability. After controlling for age
and gender, and the other dietary covariates, ‘healthy’ consumption of fruit and vegetables and dietary fat
predicted better quality of life and less likelihood of higher disability when compared to respondents with
a ‘poor’ diet. For those with relapsing–remitting MS, the DHQ total significantly predicted a lower relapse
rate and reduced odds of increasing disease activity, but the model fit was poor and the predicted
change only marginal.
Discussion: This study supports significant associations of healthy dietary habits with better physical and
mental HRQOL and a lower level of disability. Further research is urgently required to explore these
associations including randomized controlled trials of dietary modification for people with MS.
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Introduction
Multiple sclerosis (MS) is a chronic inflammatory and
neurodegenerative disease of the central nervous
system (CNS), characterized by axonal injury and
demyelination. The aetiology of MS is still poorly
understood, but immune dysregulation caused by a
complex interplay of genetic and environmental risk
factors appears central to the disease process.1 The
incidence of MS varies greatly with geographical dis-
tribution and migration in childhood appears to influ-
ence risk of the disease developing, suggesting an
important role for non-infectious environmental deter-
minants.2 There is, however, no evidence of genetic
associations in MS clinical course or disease severity;3

environmental factors4 therefore present important
opportunities for secondary and tertiary prevention
of MS.
Epidemiological data show a higher prevalence of

MS in countries of affluence, further from the
equator where high caloric, high fat diets are
common.5 The association between MS risk and
diets high in saturated and animal fats and low in poly-
unsaturated fats has been observed in multiple ecologi-
cal studies.6–9 Case–control studies also support trends
towards higher MS risk for greater saturated fat and
meat consumption, while vegetable protein, dietary
fibre, and certain micronutrients appear to be protec-
tive.10–12 By contrast, analyses of diet among MS
cases in the prospective Nurses Health Study, interest-
ingly, did not support these findings.13 Perhaps the
most important study of nutrition and MS, led by
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Swank, involved a longitudinal follow up of people
with MS trialled on a very low saturated fat diet sup-
plemented with cod liver or vegetable oils.14 This
study was commenced before the era of randomized
controlled trials, but the vastly better health of trial
participants after 34 years compared to those who
did not maintain the diet, provides compelling data
about the pivotal role of dietary fat in MS. A more
recent randomized controlled trial of a low fat diet
supplemented with fish oil demonstrated relapse rate
reduction, physical, and mental health
improvements.15

Emerging evidence suggests dyslipidaemia may be
implicated in MS outcomes; patients with vascular
comorbidities have a higher risk of disability pro-
gression.16 Higher total cholesterol and low-density
lipoprotein are associated with worsening disability
in MS patients17 and increased cumulative number
of lesions on MRI in high-risk clinically isolated syn-
drome (CIS) patients,18 while high-density lipoprotein
is associated with lower lesion volume.17 Indeed, it has
been proposed that MS is not an autoimmune disease
but rather a dysfunction of lipid metabolism, with
comparisons drawn with the pathophysiological path-
ways of atherosclerosis.19

The role of molecular mimicry, that is, the struc-
tural similarity between myelin autoantigens and
dietary proteins, has also been proposed as a poten-
tial cause of autoimmunity and myelin breakdown in
MS. In particular, proteins of the milk fat globule
membrane from cow’s milk have been implicated.
The main suspect is butyrophilin protein, which is
structurally similar and induces antibody cross-reac-
tivity to the myelin oligodendrocyte glycoprotein
(MOG)20,21 and has been shown to stimulate T-cell
responses to MOG and induce CNS inflammation
in an animal model.22 The results of these exper-
imental immunological studies are in line with early
epidemiological data showing a high correlation
between cow’s milk consumption and MS
prevalence.23,24

Other nutritional components explored for their
potential benefit in MS include antioxidants, such as
polyphenols and carotenoids, which are found in
abundance in fruits and vegetables. Their role in redu-
cing oxidative stress and subsequently, inflammation
and neuronal damage,25 affords them a possible pro-
tective function in MS. To date, findings are inconclu-
sive, with a prospective study finding no association
between fruit and vegetable consumption, vitamin
supplementation and risk of MS,26 and no sufficient
data on disease progression outcomes.
Conventional pharmacological therapies have

demonstrated modest efficacy in reducing relapse
rates or slowing the progression of the disease, but
there remain concerns regarding side effects, adverse

events, and cost-effectiveness.27 Consequently, many
people with MS favour a multifaceted approach to
their disease management. Dietary modification has
been widely considered and undertaken by many
patients with MS and there is a large amount of grey
literature exploring dietary intervention: an Internet
search of the terms ‘diet’ and ‘multiple sclerosis’
gives rise to more than 27 million hits.28 Lifetime use
of dietary intervention was reported by 41% of
people with MS in a study from Germany.29 A
survey of people with MS from South Australia
found that the most common dietary interventions
included low fat diets, followed by sugar-free/low
sugar diets; wheat or gluten-free diets; and the MS-
specific ‘Swank diet’.30 However neither study pro-
vided detailed information on the dietary habits of
people with MS or correlated these behaviours with
validated health-related outcomes. Few interventional
studies have been conducted to explore the relation-
ship between dietary factors and MS; a Cochrane
review of dietary interventions in MS found only six
studies met standards of selection criteria and all
were trials of polyunsaturated fatty acid (PUFA)
supplementation.28

This study is part of a wider research project, the
Health Outcomes and Lifestyle Intervention in a
Sample of People with Multiple Sclerosis (HOLISM)
study. Other papers published previously from the
HOLISM dataset correlated MS health-related out-
comes with: fish consumption and omega-3 sup-
plementation; and alcohol and smoking. The aim of
this study was to explore the association between
dietary factors including fat, fruit and vegetable
intake, dairy and meat consumption, and health-
related quality of life (HRQOL), disability and
relapse rate in a large international sample of people
with MS.

Materials and methods
Subjects and recruitment procedure
The methodology of the HOLISM study has been
described in detail in an earlier paper.31 In brief, par-
ticipants were recruited to this study through interac-
tive online sites specifically for people with MS
including websites, Facebook, Twitter, forums, and
blogs. Participants were asked to read detailed study
information before providing consent and continuing
to a comprehensive online survey. In order to be eli-
gible for the study, participants were asked to
confirm that they were over 18 years of age and that
they had received a formal diagnosis of MS from a
medical doctor. Those who could not confirm their
diagnosis but had CIS or ‘possible MS’ were still
able to complete the questionnaire but were excluded
from analysis in this study. Participant contact
details were recorded for the purpose of follow up
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over a 5-year timeframe. St Vincent’s Hospital
Melbourne Human Research Ethics Committee
granted ethical approval (LRR 055/12).

Data collected and tools used
The online survey was comprehensive, taking around
40 minutes to complete. Specific to this study were
items exploring: sociodemographics; body mass
index (BMI; World Health Organisation criteria);
HRQOL; level of gait disability; doctor-diagnosed
relapse rate; and dietary habits. All data were self-
reported.
HRQOL: The Multiple Sclerosis Quality of Life

(MSQOL-54) was used to measure HRQOL.32 This
instrument was developed from the RAND Health
Survey Short Form (SF-36) and consists of 52 items,
giving rise to 12 scales physical health composite
(PHC) and mental health composite (MHC) scores.
The MSQOL-54 has been extensively validated and
is widely used across MS literature.
Disability: The Patient-Determined Disease Steps

(PDDS) is a self-reported surrogate tool to the
Expanded Disability Status Scale (EDSS), commonly
used by neurologists to assess gait disability.33,34 The
PDDS is scored ordinally from 0 (normal) to 8 (bed
bound). It correlates well with the EDSS35 and has
been used in studies associated with the North
American Research Committee on Multiple Sclerosis
(NARCOMS) registry.
Relapse rate: Participants were asked the number of

relapses they had in the previous 12 months and 5
years, as diagnosed by a medical doctor.
Dietary habits: The Diet Habits Questionnaire

(DHQ) is a 24-item questionnaire used to assess the
dietary habits of an Australian cardiac population.36

The tool and scoring were developed in line with the
National Heart Foundation of Australia Nutrition
Recommendations and the National Health and
Medical Research Council and Commonwealth
Department of Health and Ageing Dietary
Guidelines for Australian Adults and is based on
two validated measures, taking into account the type
and quality of fat consumed.37,38 For example,
healthy fruit and vegetable intake would be considered
at least five vegetable and two fruit servings per day,
the regular consumption of legumes and raw nuts or
seeds. A healthy fat intake would include fish con-
sumption, the selection of avocado and mono/polyun-
saturated oils for salads and spreads, minimal use of
oil in cooking and infrequent consumption of pro-
cessed or fatty meats, full-fat milk, cakes, biscuits,
and takeaway foods, among other items. The question-
naire considers both the type of food consumed and
the methods of food preparation. Each item scores
from 1 to 5 with a score of 1 indicating very poor
dietary behaviour and a score of 5 indicating healthy

dietary behaviour. These items give rise to 10 dietary
subscores: cereals, fruit and vegetables, omega-3 fatty
acids, food choices, food preparation, takeaways and
snacks, fat, fibre, sodium, and alcohol (some of
which share common items). Mean scores ranging
from 1 to 5 are calculated for each subscore. Inter-
rater agreement on the DHQ scoring method was
moderate to high (kappa 0.77–1.0) for three subscores
assessed.36 The tool is widely used in a cardiac rehabi-
litation setting but has not been validated in an MS
population. For the purpose of our study, four items
were excluded from the survey: three items regarding
sodium intake and one item on alcohol was replaced
with an alternate alcohol assessment measure. The
removal of these items did not affect the calculation
of the remaining 8 dietary subscores.

Data analysis
Data were analysed using IBM SPSS Statistics 21.0.
PHC and MHC scores of the MSQOL-54 data were
calculated according to the original scoring form.
The PDDS was collapsed from nine into three
ordinal categories for the purpose of analysis.
Throughout this paper, these groups will be referred
to as mild (scores 0–2), moderate (3–5), and major dis-
ability (6–8).
A 5-year annualized relapse rate was calculated by

dividing the 5-year relapse rate by the number of
years with disease (with an upper limit of five). A
pre-determined variable, ‘Disease Activity’, was cate-
gorized as increasing, decreasing, or stable, where
relapse rate in the previous 12 months was higher,
lower, or the same (respectively) as the 5-year annual-
ized relapse rate.
For the purpose of this study, seven dietary sub-

scores were calculated according to the DHQ scoring
instructions: cereals, fruit and vegetables, food
choices, food preparation, takeaway and snacks,
fibre, and fat. Omega-3 fatty acid consumption and
alcohol consumption have been reported in previous
papers.39,40 A total summary score of 20 DHQ items
was calculated, giving equal weight to all items, with
possible score range of 20–100 (higher scores indicat-
ing a more healthy diet). Total item completion was
required to determine subscores or the DHQ total
score. In our study, Cronbach’s alpha coefficient of
the DHQ total score was 0.842, indicating reliable
internal consistency (Table 1). In addition to the
DHQ total, two subscores were selected for more
detailed analysis: the fruit and vegetable subscore
(Chronbach’s alpha 0.724) and the fat subscore
(Chronbach’s alpha 0.792). These subscores were col-
lapsed into three categories: poor (score 1< 3.5); mod-
erate (score 3.5< 4.5); and healthy (score 4.5–5).
Respondents were also grouped based on whether
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they consumed dairy products (one item) or animal
meat (excluding fish, two items).
Bivariate analyses were first undertaken to explore

associations between the total score on the DHQ,
two subscores, dairy and meat consumption with
four measures of health outcomes: HRQOL and dis-
ability for all respondents, and relapse rate and
disease activity only for those with relapsing–remitting
MS. Continuous data were summarized using mean
(95% confidence interval (95% CI) or standard devi-
ation (SD)) and categorical data using number and
percentage. Independent samples t-test was used to
compare two groups on continuous end points, and
comparison involving three or more independent
groups was conducted with one-way analysis of var-
iance (ANOVA) with Tukey or Games–Howell post-
hoc analyses (based on assessment of homogeneity of
variance). Pearson product-moment correlation was
used to assess the strength and direction of the
relationship between two continuous variables.
Categorical data involving contingency tables with
three or more groups were analysed with the
Pearson’s Chi-square test with adjusted standardized
residuals to indicate under- or over-representation of
groups with a cut-off set at ±2.0.
Significant findings from bivariate analyses were

explored with multivariate models to identify indepen-
dent predictor variables. Two models were constructed
for each health outcome: the first with the DHQ total
score, and the second with the fruit and vegetable sub-
score, fat subscore, meat, and dairy. Both models con-
trolled for age and gender. Multiple regression (enter
method) was used to predict HRQOL. Preliminary
tests were undertaken to assess independence, normal-
ity, linearity, and homoscedasticity as well as checking
for any outliers (standardized residuals <−3.0 or
>3.0). Variance inflation factor <10 and correlations
between predictors <0.7 were used as the criteria for
absence of multicollinearity. To predict a higher level
of disability, ordinal logistic regression was used.
Models were considered valid if they met the pro-
portional odds assumption and the overall −2 log-
likelihood Chi-square test. Binary logistic regression
(‘Enter’ method) assessed disease activity, predicting

increasing (worsening) disease activity over decreas-
ing/stable activity. Goodness of fit was assessed with
the Hosmer and Lemeshow test and the omnibus test
of model coefficients. Count data for relapse rate

Table 1 Summary of DHQ subscores and total score

Items* Chronbach’s alpha n Mean score (95% CI) Median score (IQR)

Cereals 3 0.551 2264 3.55 (3.51–3.59) 3.67 (3.00–4.33)
Fruit and vegetables 5 0.724 2238 3.61 (3.58–3.65) 3.60 (3.00–4.20)
Food choices 4 0.612 2247 4.02 (3.98–4.06) 4.25 (3.50–4.75)
Food preparation 5 0.510 2226 4.44 (4.41–4.47) 4.70 (4.08–4.93)
Takeaway and snacks 3 0.656 2269 3.99 (3.95–4.03) 4.22 (3.33–4.67)
Fibre 8 0.742 2205 3.59 (3.55–3.62) 3.63 (3.00–4.13)
Fat 13 0.792 2155 4.13 (4.10–4.16) 4.23 (3.69–4.69)
DHQ total score 20 0.842 2087 79.0 (78.5–79.5) 80.3 (70.2–89.0)

n is the number of respondents who completed all items to give rise to the subscore or total score.
*Some items overlap across subscores.

Table 2 Demographics and clinical characteristics of
participants who completed the DHQ

Variable
n (%), unless stated

otherwise

Age (years), mean (SD) 45.5 (10.6)
Gender

Female 1697/2063 (82.3)
Male 366/2063 (17.7)

Country of residence
USA 663/2087 (31.8)
Australia 550/2087 (26.4)
UK 356/2087 (17.1)
New Zealand 178/2087 (8.5)
Canada 92/2087 (4.4)
Other (47 countries) 248/2087 (11.9)

Highest level of education completed
Secondary school or less 514/2082 (24.7)
Vocational training 328/2082 (15.8)
Bachelor degree 759/2082 (36.5)
Postgraduate degree 481/2082 (23.1)

Years since diagnosis, mean
(SD)

8.5 (7.3)

Type of MS
Relapsing–remitting 1280/2080 (61.5)
Primary progressive 149/2080 (7.2)
Secondary progressive 235/2080 (11.3)
Progressive relapsing 42/2080 (2.0)
Benign 88/2080 (4.2)
Unsure/other 286/2080 (13.8)

Level of disability
Normal 684/2077 (32.9)
Mild disability 318/2077 (15.3)
Moderate disability 155/2077 (7.5)
Gait disability 328/2077 (15.8)
Early cane 229/2077 (11.0)
Late cane 156/2077 (7.5)
Bilateral support 119/2077 (5.7)
Wheelchair/scooter 85/2077 (4.1)
Bedridden 3/2077 (0.1)

BMI categories
Underweight 89/2062 (4.3)
Normal 1108/2062 (53.7)
Overweight 481/2062 (23.3)
Obese 384/2062 (18.6)

12-month relapse rate*, mean
(SD)

0.71 (1.03)

PHC, mean (SD) 59.6 (21.4)
MHC, mean (SD) 67.0 (21.3)

*Subset of participants with relapsing–remitting type.
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were over-dispersed; consequently negative binomial
logistic regression was used in preference to Poisson
regression. Two-tailed tests of significance were used
with significance set at 0.05.

Results
Of the 2469 participants with confirmed MS, 2087
(84.5%) completed all items in the DHQ, allowing a
total summary score to be calculated (‘DHQ total’).
These respondents were predominantly female
(82.3%), highly educated, with a mean age of 45.5
years and living in 52 different countries – mostly
English speaking, higher income nations (Table 2).
The majority (61.5%) had a relapsing–remitting type
of MS, a mild level of disability (scores 0–2), and the
mean time since diagnosis was 8.5 years. Most respon-
dents were in a ‘normal’ BMI range but 41.9% were
categorized as overweight or obese. With regards to
the DHQ measure, there were 2155 (87.3%) complete
responses for the fat subscore and 2238 (90.6%) for
the fruit and vegetable subscore (Table 3). As

previously reported, 37.8% of respondents did not
consume dairy and 26.7% did not consume meat.31

Age, gender, BMI, education
There was no significant correlation between age and
the DHQ total (r= 0.043, P= 0.052) and no signifi-
cant difference for gender (P= 0.434). Those with a
higher level of education were more likely to report
healthy dietary habits (P< 0.001), while a higher
body mass index (BMI) correlated with a lower
DHQ total score (r=−0.294, P< 0.001).

Health-related quality of life
A moderate, positive correlation was observed
between the DHQ total score and the PHC of the
MSQOL-54 (r= 0.322, P< 0.001). For the DHQ
total score and the MHC, a lesser positive correlation
was observed (r= 0.288, P< 0.001).
Analyses were conducted to explore differences in

PHC (Fig. 1) and MHC (Fig. 2) scores between
those determined as having ‘poor’, ‘moderate’, or
‘healthy’ diets across the two dietary subscores: fruit
and vegetables, and fat. All group and paired

Table 3 Summary of dietary subgroups used for analysis

Dietary subgroups Whole sample, n (%) Relapsing–remitting participants, n (%)

Fruit and vegetable subscore Poor (1< 3.5) 943/2238 (42.1) 576/1368 (42.1)
Moderate (3.5< 4.5) 940/2238 (42.0) 581/1368 (42.5)
Healthy (4.5–5) 355/2238 (15.9) 211/1368 (15.4)

Fat subscore Poor (1< 3.5) 388/2155 (18.0) 247/1321 (18.7)
Moderate (3.5< 4.5) 984/2155 (45.7) 588/1321 (44.5)
Healthy (4.5–5) 783/2155 (36.3) 486/1321 (36.8)

Meat consumption Yes 1681/2292 (73.3) 1003/1399 (71.7)
No 611/2292 (26.7) 396/1399 (28.3)

Dairy consumption Yes 1417/2278 (62.2) 868/1396 (62.2)
No 861/2278 (37.8) 528/1396 (37.8)

Figure 1 Mean PHC by dietary factors.
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differences were statistically significant (P< 0.001);
those reporting more healthy habits in relation to
their intake of fruit and vegetables and fat were signifi-
cantly more likely to have better HRQOL.
Respondents reporting no meat consumption or no
dairy consumption had significantly higher PHC and
MHC scores (P< 0.001), compared to meat and
dairy consumers.
In regression analyses, the model for age, gender,

and DHQ total score significantly predicted both the
PHC and MHC scores, accounting for 15.6 and
7.8% of variability, respectively. After controlling for
gender (not a significant covariate) and age (signifi-
cant for PHC: B=−0.484, 95% CI −0.575 to

−0.393, P< 0.001) for every one-point increase on
the DHQ total, the PHC and MHC increased by 0.6
and 0.5, respectively (PHC: B= 0.589, 95% CI
0.513–0.666, P< 0.001; MHC: B= 0.485, 95% CI
0.410–0.560, P< 0.001).

Regression analyses for the dietary subgroups
revealed the covariates age, healthy fruit and vegetable
subscore, and moderate or healthy fat subscore signifi-
cantly predicted both the PHC and the MHC. Despite
meat and dairy having significant associations with
better quality of life in bivariate analyses, this was
not consistent in the regression models, with only
dairy significantly predicting a higher MHC score
(Table 4).

Figure 2 Mean MHC by dietary factors.

Table 4 Predicting the PHC and MHCs with dietary subgroups

Dependent Covariates B
95% CI

P Adjusted R2

Lower Upper

PHC Age, years −0.469 −0.561 −0.377 < 0.001 0.150
Gender, male 1.266 −1.128 3.661 0.300
Fruit and vegetable, healthy* 6.431 3.091 9.770 < 0.001
Fruit and vegetable, moderate* 1.630 −0.730 3.990 0.176
Fat, healthy* 11.985 8.376 15.594 < 0.001
Fat, moderate* 6.883 4.135 9.631 < 0.001
Meat, non-consumer 2.352 −0.317 5.021 0.084
Dairy, non-consumer 2.536 −0.038 5.111 0.053

MHC Age, years 0.094 0.007 0.181 0.034 0.081
Gender, male −0.449 −2.835 1.936 0.712
Fruit and vegetable, healthy* 7.599 4.368 10.829 < 0.001
Fruit and vegetable, moderate* 2.136 −0.112 4.383 0.062
Fat, healthy* 8.325 4.861 11.790 < 0.001
Fat, moderate* 5.463 2.817 8.109 < 0.001
Meat, non-consumer 0.608 −1.961 3.178 0.642
Dairy, non-consumer 3.889 1.442 6.335 0.002

B is the unstandardized regression coefficient and 95% CI is the 95% confidence interval of the unstandardized regression
coefficient.
*Compared to the ‘poor’ group.
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Disability
Analyses of the level of disability and the DHQ total
score indicated a significant difference (P< 0.001) in
mean DHQ scores across the three disability groups:
mild (80.6, 95% CI 79.9–81.3), moderate (77.4, 95%
CI 76.6–78.3), and major (76.1, 95% CI 74.6–77.6).
Post-hoc analyses revealed a small but significant
difference in mean DHQ scores between the ‘mild’
and ‘moderate’ disability groups (P< 0.001), and the
‘mild’ and ‘major’ disability groups (P< 0.001), but
not between ‘moderate’ to ‘major’ disability (P=
0.296), with those with a lower level of disability
having a healthier diet on average.
Analyses of the level of disability among dietary

subgroups found significant differences across fruit
and vegetables, fat, meat, and dairy (all P< 0.001;
Table 5). Cross tabulations showed trends towards
greater disability among those with poorer subscores,
and meat and dairy consumers. Respondents in the
mild disability group were more likely to have a
healthy fruit and vegetable subscore and healthy fat
subscore, and more likely not to eat meat or dairy.
Those with moderate disability were more likely to
be in the poor fruit and vegetable group, poor or
moderate fat group, and among meat and dairy consu-
mers. Results were similar for the major disability
group.
In ordinal regression modelling, after controlling for

gender (not a significant covariate) and age (OR=
1.088, 95% CI 1.078–1.099, P< 0.001), for every
one-point increase in DHQ total, the odds of having
a higher level of disability was associated with a
3.0% reduction (OR= 0.970, 95% CI 0.963–0.977,
P< 0.001). The odds of having a higher level of
disability was significantly lower for those in the
healthy and moderate fruit and vegetable groups
and the healthy fat group, compared to the poor
groups (Table 6). Despite bivariate analyses showing
associations with lower disability for those not con-
suming meat and dairy, this finding did not remain
after controlling for covariates in this regression
model.

Relapse rate
Among participants with relapsing–remitting MS,
there was a small, inverse correlation between the
DHQ total score and mean 12 month relapse rate
(r=−0.117, n= 1252, P< 0.001); that is a healthier
diet was associated with a lower relapse rate, albeit
marginal. This finding concurred with regression
analysis: after controlling for gender (not a significant
covariate) and age (estimate= 0.974, 95% CI
0.965–0.983, P< 0.001), for every one-point increase
on the DHQ total, the incident rate of relapses over
a 12-month period decreased by 1.2% (estimate=
0.988, 95% CI 0.981–0.995, P= 0.001).

For the relapsing–remitting sample, there was a sig-
nificant difference in relapse rate for fruit and veg-
etable, fat, meat and dairy intake with higher relapse
rates for those with poorer subscores, and meat and
dairy consumers (all P< 0.05; Fig. 3). For fruit and
vegetable and fat subscores, post-hoc comparisons
revealed significant differences in mean relapse rate
between poor and healthy (fruit and vegetable P=
0.012; fat P= 0.001) and poor and moderate groups
(fruit and vegetable P= 0.003; fat P= 0.029); but
not between moderate and healthy groups (fruit and
vegetable P= 0.786; fat P= 0.290). Compared to the
poor groups, the greatest mean percentage difference
in relapse rate observed was for respondents in the
healthy fat group; 33.0% lower on average.
Respondents reporting meat or dairy consumption
were more likely to have a higher mean relapse rate
than those not consuming meat (P= 0.040) or dairy
(P= 0.037). These findings were not supported by
regression analysis, with age being the only significant
predictor of 12-month relapse rate in a regression
model with gender, fruit and vegetable subscore, fat
subscore, meat and dairy (estimate= 0.974, 95% CI
0.965–0.984, P< 0.001).

Disease activity
Analyses of participants with relapsing–remitting MS
indicated a significant difference and trends towards
lower mean DHQ total scores across the three
disease activity groups: decreasing (80.9, 95% CI
79.9–81.9), stable (79.6, 95% CI 78.2–81.0), and
increasing (76.7, 95% CI 75.4–78.0); (P< 0.001).
Post-hoc comparisons showed significant differences
in mean DHQ total scores between the decreasing
and increasing groups (P< 0.001), and stable and
increasing groups (P= 0.005), but not between stable
and decreasing (P= 0.319).
Respondents with increasing disease activity were

more likely to be in the poor fruit and vegetable and
fat groups and consume meat and dairy. Those with
stable disease activity were more likely to be in the
healthy fruit and vegetable group, while those with
decreasing activity were more likely to be in the
healthy fat group and not consume meat or dairy
(Table 5).
Regression modelling with the DHQ total score was

generally poor; the covariates only marginally
improved the ability to predict increasing (worsening)
disease activity. The DHQ total score had an odds
ratio of 0.977 (95% CI 0.967–0.987, P< 0.001) after
controlling for age (not a significant covariate) and
gender (males, OR= 0.618, 95% CI 0.421–0.907,
P= 0.014). Dietary subgroups did not improve the
ability to predict increasing disease activity; only
gender was a significant covariate in this model
(males, OR 0.619, 95% CI 0.421–0.912, P= 0.015).
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Table 5 Level of disability and disease activity by dietary subgroups

Dietary subgroups
Level of disability (PDDS) Disease activity

Mild,
n (%)

Moderate,
n (%)

Major,
n (%)

Total,
n (%) P

Decreasing, n
(%)

Stable,
n (%)

Increasing,
n (%)

Total,
n (%) P

Fruit and vegetable subscore Poor 469 (50.0)† 356 (38.0)* 113 (12.0)* 938 (100) <0.001 212 (39.7) 132 (24.7) 190 (35.6)* 534 (100) 0.004
Moderate 538 (57.5) 302 (32.3) 95 (10.2) 935 (100) 242 (45.0) 146 (27.1) 150 (27.9) 538 (100)
Healthy 225 (63.7)* 106 (30.0) 22 (6.2)† 353 (100) 87 (44.4) 65 (33.2)* 44 (22.4)† 196 (100)
Total 1232 (55.3) 764 (34.3) 230 (10.3) 2226 (100) 541 (42.7) 343 (27.1) 384 (30.3) 1268 (100)

Fat subscore Poor 188 (48.8)† 156 (40.5)* 41 (10.6) 385 (100) <0.001 77 (33.9)† 64 (28.2) 86 (37.9)* 227 (100) <0.001
Moderate 499 (51.0)† 358 (36.6)* 121 (12.4)* 978 (100) 231 (42.2) 137 (25.0) 180 (32.8) 548 (100)
Healthy 510 (65.2)* 218 (27.9)† 54 (6.9)† 782 (100) 216 (47.9)* 129 (28.6) 106 (23.5)† 451 (100)
Total 1197 (55.8) 732 (34.1) 216 (10.1) 2145 (100) 524 (42.7) 330 (26.9) 372 (30.3) 1226 (100)

Meat consumption Yes 849 (50.8)† 624 (37.4)* 197 (11.8)* 1670 (100) <0.001 378 (40.6)† 243 (26.1) 309 (33.2)* 930 (100) 0.002
No 407 (66.7)* 161 (26.4)† 42 (6.9)† 610 (100) 172 (47.1)* 109 (29.9) 84 (23.0)† 365 (100)
Total 1256 (55.1) 785 (34.4) 239 (10.5) 2280 (100) 550 (42.5) 352 (27.2) 393 (30.3) 1295 (100)

Dairy consumption Yes 717 (51.0)† 531 (37.8)* 158 (11.2) 1406 (100) <0.001 321 (39.7)† 217 (26.8) 271 (33.5)* 809 (100) 0.003
No 535 (62.2)* 248 (28.8)† 77 (9.0) 860 (100) 230 (47.5)* 133 (27.5) 121 (25.0)† 484 (100)
Total 1252 (55.3) 779 (34.4) 235 (10.4) 2266 (100) 551 (42.6) 350 (27.1) 392 (30.3) 1293 (100)

*(Bold font) Denotes significantly over-represented as determined by standardized adjusted residuals.
†Denotes significantly under-represented as determined by standardized adjusted residuals.
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Discussion
Summary of main findings
This study is a unique and comprehensive examination
of the dietary habits of a large sample of people with
MS and the association of diet with several MS
health outcomes. Overall, the study participants
appear to have healthy dietary habits, as indicated
by their scores on the DHQ total, subscores, and
meat and dairy intake (Tables 1 and 3). It is unusual
to observe such a large proportion of people who
have excluded meat and dairy from their diets, and
this is likely a reflection of the recruitment technique
employed, which targeted online communities of
people with MS actively engaged in lifestyle
modification. Participants of the study represent
an international sample of people with MS, mostly
from English-speaking Western countries, with

diverse clinical characteristics including different
types of MS.
This study supports strong and significant associ-

ations of healthy dietary habits with better physical
and mental HRQOL and lower levels of disability.
Bivariate analyses show that better quality of life and
a lower level of disability are more likely among
people with MS consuming a diet with a higher
intake of fruit and vegetables, healthy fat intake, and
no meat or dairy. Multivariate regression models
demonstrate that every 10-point increase on the
DHQ total score towards a healthier diet predicts
nearly a six-point and five-point increase in physical
and mental HRQOL, respectively, and 30% less likeli-
hood of a higher level of disability. These results are
both statistically and clinically significant. The tool
used to measure HRQOL is derived from the SF-36,
for which a five-point change in composite scores is gen-
erally considered to be the minimal clinically important
difference.41,42 The PDDS disability measure correlates
highly with the EDDS, and a one-point difference
would be considered clinically significant34; our groups
are collapsed further so that a higher level of disability
represents up to a three-point difference.
With a closer examination of dietary factors, fruit

and vegetable, and fat intake appear to be important
factors in both HRQOL and disability. By contrast,
the association between dairy or meat consumption
and HRQOL or disability, while suggestive, is incon-
clusive due to discrepancies between bivariate and
multivariate findings. The most pronounced statisti-
cally and clinically significant differences were
observed for respondents in the healthy fat group.
After accounting for the other dietary factors, age

Figure 3 Mean relapse rate by dietary factors.

Table 6 Predicting a higher level of disability with dietary
subgroups

Covariates Exp(B)
95% CI

P
Lower Upper

Age, years 1.089 1.078 1.099 < 0.001
Gender, male 1.079 0.851 1.368 0.530
Fruit and vegetable,

healthy*
0.598 0.430 0.833 0.002

Fruit and vegetable,
moderate*

0.794 0.636 0.991 0.042

Fat, healthy* 0.582 0.412 0.820 0.002
Fat, moderate* 0.920 0.711 1.189 0.524
Meat, non-consumer 0.773 0.595 1.006 0.055
Dairy, non-consumer 1.214 0.952 1.548 0.118

Exp(B)=Odds ratio (exponential of the log odds).
95% CI is the 95% confidence interval of the odds ratio.
*Compared to the ‘poor’ group.
Nagelkerke pseudo R2= 0.212.
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and gender, compared to respondents in the poor
group, those in the healthy fat group display nearly a
12-point increase in PHC and over an eight-point
increase in MHC and a 42% lower likelihood of a
higher level of disability. Interestingly, despite the find-
ings in relation to the healthy fat group, the moderate
fat group is not a significant predictor of disability.
This might suggest that a more rigorous approach to
dietary fat is required, which supports the work of
Swank where those trial participants adhering rigor-
ously to a very low saturated fat diet with supplemen-
tation of PUFAs, had the greatest health gains.14 The
regression models account for a small-to-moderate
amount of variability for the HRQOL and disability
outcomes. This suggests that dietary factors are impor-
tant predictors of these measures, but there remain
other factors not accounted for in this model, that
require further investigation.
Unlikely HRQOL and disability outcomes, the

results for relapse rate and disease activity among
people with relapsing–remitting MS are much less
robust and require further examination. Despite sig-
nificant trends in bivariate analyses towards slightly
lower relapse rates and stable or decreasing disease
activity associated with higher fruit and vegetable
intake, healthy fat intake, and an absence of meat
and dairy in the diet, these same dietary factors are
not significant predictors of relapse rate or disease
activity in regression analyses. Interestingly, the total
dietary score is significantly associated with relapse
rate and disease activity outcomes, but the magnitude
of change in both models is small. Furthermore, esti-
mates of the model fit for both outcome variables
are poor, suggesting that other variables play a more
important role than dietary habits in predicting
relapse rate or disease activity.
An in-depth understanding of the biological inter-

play of nutrition with cell signalling pathways is
important to our understanding of whether dietary
observations from this study, and others, have biologi-
cal plausibility, in particular, whether dietary mol-
ecules affect the inflammatory and autoimmune
processes involved in MS.43–45 At a cellular level,
nuclear receptors, transcription factors, and enzymes
interact with nutrients and regulate gene expression
and nutrient metabolism.43 In particular, peroxisome
proliferator-activated receptors (PPARs) regulate
fatty acid metabolism, and play a key role in inflam-
matory and immunomodulatory pathways.43 PPARs
have recently proposed to be at the heart of MS patho-
genesis.19 Saturated fatty acids interfere with the
metabolism of precursors of PUFAs, and a disruption
to the balance between saturated and PUFAs may
compromise the anti-inflammatory and neuroprotec-
tive mechanism of PUFAs, including protecting
neurons from the cytotoxic action of tumour necrosis

factor -alpha.44 Further, saturated fats may participate
in capillary obstruction, decreased vessel wall elas-
ticity, and cell membrane fluidity.43,46 By contrast,
dietary phytosterols contained in legumes, nuts,
seeds, and other plant foods are thought to have
cholesterol-lowering and possible immunomodulatory
effects.47,48 Fruits and vegetables are likely to confer
additional benefits due to the myriad of intrinsic com-
pounds which can affect inflammatory and oxidative
pathways. As free radicals are thought to increase
demyelination and axonal damage in MS,49 it is the
antioxidant properties of polyphenols and carotenoids
which may be beneficial in restoring an oxidative equi-
librium. Moreover, certain polyphenols such as cate-
chins, and quercetin display anti-inflammatory and
immunomodulating properties.43 The bioactive role
of these dietary molecules supports a rationale for
increased fruit and vegetable intake and healthy fat
intake among people with MS.

Given the findings of this study and others, should
clinicians be recommending adoption of a healthy
diet to people with MS on the grounds that it is associ-
ated with better MS outcomes and indeed might
provide additional benefits in the reduction of other
chronic disease risk factors?50,51 Patients and clinicians
might be concerned that adhering to a very healthy
diet limits enjoyment from food and creates stress in
social situations, yet this study demonstrates that
mental HRQOL appears to be much higher among
those who do consume a healthy diet. With proper
supervision and advice from a medical practitioner
and nutritionist, with well-planned meals, rec-
ommended intakes of macro- and micronutrients can
easily be met. Therefore, further research should seek
to explore the potential benefit of dietary modification
in people with MS, through the development of novel
collaborations between neurologists, molecular biol-
ogists, nutritionists, and patients.

Limitations
Our data were self-reported, hence there may be inac-
curacies where respondents were unsure or unable to
recall certain information. Verification of participants’
diagnosis of MS and other self-reported data through
medical records or clinicians is desirable but not feas-
ible in the context of this large, international sample of
online respondents. In general, dietary intake is very
complex to assess through survey methodology.
Recall bias is common; there is a tendency for respon-
dents to misreport consumption of food types.52 The
tool used in this study (DHQ) is a fairly crude
measure of dietary intake. It aims to provide a snap-
shot of the dietary habits of an individual for the
purpose of dietary education. It was selected for this
study because diet was only one aspect being measured
and with around 163 items in the broader survey,
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taking around 30–40 minutes to complete, a brief
dietary tool was necessary to reduce respondent
burden. Most validated food frequency questionnaires
have over 100 items. Alternative assessment options,
such as food diaries or 24-hour dietary recall with
nutritional analysis were not feasible with a large inter-
national, online participant group as this requires par-
ticipant training or one-on-one interviews. Therefore,
we opted for this brief dietary survey, which is not as
robust as more detailed dietary assessments. Apart
from recall bias, other limitations to the tool are the
limited ability to measure portion sizes, whether
dietary habits reported were consistent over time, its
applicability across ethnic populations and its vali-
dation in an Australian cardiac population.
Although the scoring system was adhered to for the
purpose of this study, some elements, such as the
favourable scoring of margarine use (which is highly
processed and usually contains hydrogenated fats or
trans fats) should be reconsidered. We suggest
greater validation of the tool to support its ongoing
use as well as an in-depth analysis of the contribution
of diet to MS morbidity using a more comprehensive
assessment tool.
Our data may have been affected by responder bias.

Although data were de-identified, survey participants
were not anonymous so it is possible their responses
were biased towards reporting more healthy dietary
habits. Those with little interest in diet and health
may have been less likely to commence the survey in
the first place. In general, participants of this study
were highly educated and proactive in seeking out
information and adopting a wide range of healthy
behaviours. It is possible that the findings observed
in relation to diet were actually reflective of associ-
ations with other confounding lifestyle behaviours.
We also cannot exclude reverse associations; that
those who have better physical or mental HRQOL
or less disability are more likely to engage in healthier
dietary habits, although that seems unlikely. It is not
clear whether participants were taking any additional
vitamin supplements, which might influence the
results. Future studies should seek to account for the
use of supplementation. The robustness of these find-
ings could be improved by further validating partici-
pants’ self-reported diagnosis and health measures,
and using a food frequency questionnaire. Planned
regression analyses of the interactions of additional
lifestyle factors, as well as data collected at follow-up
time points, will assist in validating these findings
and measure change in dietary habits and MS out-
comes over time.

Conclusion
This study supports a strong and significant associ-
ation between dietary habits and MS outcomes, in

particular quality of life and level of disability. A
higher intake of fruit and vegetables and healthy fat
intake appear to be important dietary factors, while
dairy and meat consumption require further investi-
gation. Further research, including randomized con-
trolled trials of dietary modification for people with
MS, is urgently required, notwithstanding the difficul-
ties of conducting such studies. However, clinicians
may consider that providing advice to people with
MS around the potential importance of a healthy
diet is already warranted, given the observations
from this study, and others, and general beneficial
effects on health.
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