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Abstract
Background: Many diets promoted specifically for multiple sclerosis have been suggested to improve
disease activity. Dairy and gluten are two components for which the recommendations vary between
these diets. Existing research into the association between these dietary components and disease activity
has been conflicting.
Objective: To explore the relationship between dairy and gluten intake and disease activity in multiple
sclerosis over a 2-year period, using no evidence of disease activity (NEDA) 3 status.
Methods: 186 participants’ dairy and gluten intake was retrospectively estimated over 2 years using a
dairy and gluten dietary screener. Estimated dairy and gluten intake was compared to disease activity, indi-
cated by no evidence of disease activity 3 status, and quality of life, assessed by the Multiple Sclerosis
International Quality of Life (MusiQoL) questionnaire.
Results: No significant association was found between mean estimated dairy or gluten intake and NEDA 3
status (p= 0.15 and 0.60, respectively). Furthermore, there was no significant relationship between dairy or
gluten intake and MusiQoL) scores (p= 0.11 and 0.51, respectively).
Conclusion:Whilst we cannot rule out modest benefits due to our small sample size, we found that neither
dairy nor gluten intake was associated with disease activity or quality of life in this study.
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Introduction
Disease-modifying therapies are well established in
the treatment of multiple sclerosis (MS), however,
there is little evidence of the impact of lifestyle
changes. Preliminary theories have arisen regarding
certain lifestyle changes, including diets promoted
specifically for MS (hereafter referred to as ‘MS
diets’). While people with MS (hereafter referred
to as ‘pwMS’) show interest in exploring dietary
modifications, MS diets have complex guidelines
that may impair long-term adherence.1,2 There are
limited prospective trials investigating the efficacy
of three commonly recommended diets, the Swank,
overcoming MS (OMS), and Wahls diets.3–6 Dairy
and gluten are two components for which the

recommendations vary between these diets; the
Wahls diet restricts both dairy and gluten intake,
whereas the Swank and OMS diets restrict dairy but
not gluten. These dietary exclusions were initially
recommended based on studies that suggested a cor-
relation between cow’s milk consumption and MS
prevalence as well as a correlation between coeliac
disease and MS prevalence.7,8 It was later suggested
that the cow’s milk protein, butyrophilin, is a molecu-
lar mimic of myelin oligodendrocyte glycoprotein
that can induce an inflammatory response in T cells
in vitro and in the rat model of MS, experimental
autoimmune encephalitis.9 Since then, large studies
have explored the relationship between dairy and
MS with conflicting results.10,11 The Health
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Outcomes in a Sample of People with MS (HOLISM)
study examined the diets of 2047 pwMS.10 They
reported that dairy consumers had higher relapse
rates, recent disease activity, and lower quality of
life. In contrast, another larger cross-sectional study
utilising the North American Research Committee
on MS registry found that higher intakes of dairy
were associated with lower levels of disability.11

Both studies used self-reporting tools to assess
relapses and level of disability.

In recent decades, there has been a simultaneous rise
in the prevalence of autoimmune diseases and the
consumption of gluten-containing foods.12,13

Several case reports and anecdotal evidence sug-
gested a benefit of a gluten-free diet on MS.14 This
prompted prospective cohort studies that investigated
the role of gluten in the pathogenesis of MS, although
the evidence remains controversial. One study by
Johnson et al.15 found that there was no link
between overall gluten intake and self-reported MS
symptoms. Conversely, Rodrigo et al.16 showed that
when compared to a regular diet, a gluten-free diet
improved Expanded Disability Status Scale (EDSS)
score and lesion activity on magnetic resonance
imaging (MRI) but had no effect on annualised
relapse rate. A 2019 systematic review evaluating
49 studies concluded that there was insufficient high-
quality evidence to determine whether gluten plays a
role in MS.14

No evidence of disease activity (NEDA-3) status is a
standardised MS-specific outcome composed of three
parameters measured over time: Absence of clinical
relapses, no disability progression (as assessed by
the EDSS), and no new MRI lesions.17 NEDA-3 is
more sensitive in measuring disease activity in MS
compared to using individual measures of disease
activity.18 Despite this, NEDA-3 has not previously
been used as an outcome measure in studies investi-
gating the relationship between dairy or gluten
intake and MS.

Further research on the involvement of dairy and
gluten in MS is necessary to establish more concise
and effective dietary recommendations for pwMS.
The primary aim of this study was to explore the rela-
tionship between dairy and gluten intake, using a
dietary screener, and MS disease activity, indicated
by NEDA-3 status over a 2-year period. The second-
ary objective was to investigate the relationship
between dairy and gluten intake and quality of life
in pwMS, using the Multiple Sclerosis International
Quality of Life (MusiQoL) questionnaire.

Material and methods

Study design
This is a retrospective, cross-sectional study of pwMS
registered on an MS database in the Hunter New
England Local Health District, Australia. Recruitment
was conducted from February to September 2020.
Initially, during this period, a dairy and gluten dietary
screener (Web Appendix A) was distributed to
participants in outpatient clinics but later moved to
distribution online and via post due to the corona-
virus disease of 2019 (COVID-19) restrictions. The
dietary screener asked participants to recall their
dairy and gluten intake over the previous two years.
Clinical records were used to assess disease activity
via NEDA-3 status over the same 2-year period.
Participants’ dairy and gluten intake was then corre-
lated with disease activity.

Study sample. The Hunter New England Local
Health District Human Research Ethics Committee
approved this study (ETH2019/12349). All partici-
pants gave written informed consent at the time of
completion of the dietary screener. Inclusion criteria
were people aged over 18 with any type of MS, as
diagnosed by the McDonald Criteria for clinically
definite MS.19 Participants were excluded if they
were diagnosed during the 2-year period prior to com-
pleting the dietary screener, had Coeliac disease
(autoimmune gluten intolerance), did not complete
the survey or had insufficient clinical data to assess
NEDA-3 status.

Primary dependent variables (dairy and gluten
intake). Because simple, but validated tools for quan-
tifying dairy and gluten intake were not available, a
dairy and gluten dietary screener (Web Appendix A)
was designed in collaboration with an academic dietitian
with expertise in dietary assessment and gastrointes-
tinal research. This dietary screener retrospectively
measured participants’ intake of dairy- and gluten-
containing foods based on the diet they followed for
the longest period over the last 2 years. Participants
were asked about the frequency and quantity per
sitting that they consumed. A key was developed
that allocated a numerical value to each dairy- and
gluten-containing food in the dietary screener. For
gluten, the numerical value represented the foods’
gluten content, estimated using the Osborne calcula-
tion.20 For dairy, the numerical value represented
the servings of dairy in each food, based on serving
sizes from the Australian Dietary Guidelines.21 These
numerical values were then multiplied by a factor,
depending on their frequency of intake (as indicated
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by the participant), to generate an overall value repre-
senting the estimated dairy and/or gluten intake for
each participant. Although not otherwise validated,
the dietary screener included questions about all
major foods in Australian supply known to contain
dairy and gluten and used appropriate portion sizes to
increase the accuracy of responses. Major foods and
portion sizes were selected based on the Australian
Dietary Guidelines summary, which outlines the
major food groups and portion sizes (available at
eatforhealth.gov.au).

Secondary dependent variable (MusiQoL). The sec-
ondary outcome was the MusiQoL questionnaire, a
reliable tool for measuring the quality of life of
pwMS, consisting of 31 questions across nine
domains.22 It has been validated by multiple large
studies and has been widely used in existing research
looking at diet and quality of life in MS.23 The
MusiQoL questionnaire response was recorded at
the time of completion of the dietary screener.

Primary independent (factor) variable. The primary
factor was NEDA-3, a standardised binary tool used
to indicate either the presence or absence of disease

activity in MS (Table 1).17 NEDA-3 status was retro-
spectively calculated using clinical data from neurolo-
gist assessments during a 2-year period. Positive
NEDA-3 status indicates freedom from disease activ-
ity, and is achieved by satisfying the following three
criteria; no clinical relapses, no disability progression,
and no new MRI lesions.17 Clinical relapse was
defined as new or recurrent symptoms lasting more
than 24 h, not preceded by fever, and after a 30-day
period of clinical stability or improvement.24

Disability progression was assessed via the EDSS,
an MS-specific tool derived from a neurological
assessment of eight functional systems.17 New MRI
lesions were defined as any new or enlarging brain
or spinal cord lesions on MRI.

Statistical analysis
Statistical package for social sciences version 27 was
used for all statistical analyses.25 Initially, an a priori
sensitivity analysis was conducted to assess the differ-
ences between relapsing-remitting MS and other MS
subtypes in terms of the dependent variables. The dif-
ferences in the statistical estimates of the main
outcome variables were negligible and not statistic-
ally significant (p> 0.1). For this reason, we decided
to include all MS subtypes in the main analysis to
increase study power. For each dependent variable
(estimated dairy intake, estimated gluten intake, and
MusiQoL score), a general linear model univariate
analysis of variance was generated. NEDA-3 status
was included as the main factor variable. For each
variable, estimated marginal means and standard
errors were calculated and adjusted for the covariates:
age, sex, disease duration, number of EDSS and MRI
assessments during the study period, and treatment.
The significance of the difference in the mean of the
dependent variables between NEDA-3 groups was
assessed based on an alpha threshold of 0.05.
Pearson’s correlation analysis was performed to
assess the linear relationship among quantitative vari-
ables. Multi-factor regression was used to assess the
conditional effect of diet variables on NEDA-3
status (logistic) and MusiQol (linear), including cov-
ariates. For this regression model, NEDA-3 and
MusiQoL are the dependent variables and estimated
dairy and gluten intake are independent variables.

Results
In this study, 240 pwMS were recruited from the
Hunter New England Local Health District, Australia.
Of these, 54 were excluded, leaving 186 participants
for analysis (Figure 1).

Table 1. NEDA-3 criteria.

NEDA-3
component

Criteria for positive NEDA-3
status

Clinical relapse No clinical relapses
Disability
progression

No confirmed EDSS disability
progression sustained for 6+
months

• If baseline EDSS 0, EDSS
increase <1.5 points

• If baseline EDSS≥ 1, EDSS
increase <1 point

• If baseline EDSS > 5, EDSS
increase <0.5 points

MRI lesions No new or enlarging brain or
spinal cord lesions on MRI

EDSS: Expanded Disability Status Scale; MRI:
magnetic resonance imaging; NEDA-3: no evidence of
disease activity 3.
Adapted from: Beadnall H, Wang C, Van Hecke W,
Ribbens A, Billiet T, Barnett M. Comparing longitudinal
brain atrophy measurement techniques in a real-world
multiple sclerosis clinical practice cohort: Towards
clinical integration? Therapeutic Advances in
Neurological Disorders. 2019;12:175628641882346.
Table 1, NEDA 3 and NEDA 4 definitions; p. 5.
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Participant demographics
Participant demographics are shown in Table 2. There
was a statistically significant difference in mean age
between the positive and negative NEDA-3 groups
(51± 12.7) and 46± 13.0) years respectively, p= .003).

Disease activity indicated by NEDA-3 status
The distribution of participants’ quantitative dairy and
gluten intake was found to be positively skewed, with a
mean dairy value (representative of estimated intake)
of 37.8 (± 37.9) and a mean gluten value (representa-
tive of estimated intake) of 219.6 (± 181.9). The
mean estimated dairy and gluten intake values were
compared with NEDA-3 status over a 2-year period.
The NEDA-3 negative group had a 21% lower mean
estimated dairy intake value and a 7% higher mean
estimated gluten intake value compared to the
NEDA-3 positive group (Figure 2); however, these dif-
ferences were not statistically significant (p= 0.15, F=
2.1 and p= 0.60, F= 0.27 respectively). Dairy and
gluten intake were also analysed against each individ-
ual component of NEDA-3. There was no statistically
significant relationship between estimated dairy intake
and clinical relapse, EDSS, orMRI (p= 0.15, 0.47, and

0.11 respectively), nor between estimated gluten intake
and clinical relapse, EDSS, orMRI (p= 0.64, 0.22, and
0.47 respectively). A multi-factor regression model did
not indicate any conjoint associations among these
variables with NEDA-3 (p>0.05 for all variables).
There was a statistically significantly greater mean
number of EDSS assessments and MRIs performed
in participants in the NEDA-3 negative group com-
pared to the NEDA-3 positive group (p= 0.015 and
0.007, respectively), and results were adjusted for this.

Quality of life measured by MusiQoL questionnaire
Participants’MusiQoL scores were analysed against their
estimated dairy and gluten intake. No statistically signifi-
cant association was found between estimated dairy or
gluten intake and MusiQoL scores (p=0.11 and 0.51,
respectively). A multi-factor regression model did not
indicate any conjoint associations among these variables
with MusiQoL (p>0.05 for all variables).

Post hoc power analysis
Recruitment was stopped at 240 participants due to the
unforeseen limitations of the COVID-19 pandemic.
Based on the resultant sample size (∼90 subjects in

Figure 1. Flow diagram of study participants. Study flow demonstrating the inclusion and exclusion criteria at each step.
The top square shows the number of people with MS in the HNE area who were approached to participate in the study. The
following square shows how many completed the dietary survey. The right-hand square indicates the number of participants
that were excluded and the reason. Note: Missing data refers to insufficient data available on the local database to assess their
NEDA-3 status, incomplete survey refers to surveys where the participants had inadequately completed the dietary screener.
The bottom square indicates the number of participants included for final analysis.
HNE: Hunter New England; MS: multiple sclerosis; NEDA-3: no evidence of disease activity 3.
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each NEDA-3 group), and using the pooled standard
deviation observed for dairy and gluten intake values,
this study had 80% power to detect a mean difference
of at least 30% between outcome groups as being stat-
istically significant (p<0.05). These differences were
not reached for either estimated dairy or gluten intake
(21% and 7% respectively).

Discussion

Dairy intake and disease activity in pwMS
We found no statistically significant association
between estimated dairy intake and NEDA-3 status
in this study. Whilst we could not exclude more
modest benefits, we conclude that dairy intake has
no large impact on disease activity. This suggests
that restricting dairy, as recommended by some MS
diets, may not be of major benefit to pwMS.

Our findings support Zhang et al.,26 who reported that
the intake of dairy products was not significantly

associated with the risk of MS. They analysed dairy
intake in a large pre-existing cohort using biennial
food frequency questionnaires over approximately
15 years. However, in contrast to our study, they
looked at the impact of dairy intake on MS disease
incidence, rather than disease activity in pwMS. A
more recent study by Munger et al.27 utilised the
same cohort and dataset to further look at the risk of
MS specifically in adolescent females. They reported
that total dairy intake was not related to MS risk in
this group, but that consumption of whole milk at
least three times per day was associated with a 47%
increased risk of MS in adolescent women.27 It
would be of interest to further investigate the associ-
ation between specific dairy products and disease
activity, as well as the mechanism for this possible
difference.

In contrast to our findings, a large cross-sectional
study by Hadgkiss et al. (2015) found that participants
with increasing MS disease activity and moderate or

Table 2. Participant characteristics.

Overall NEDA-3 positive NEDA-3 negative

Participants—number (%) 186 87 (47) 99 (53)
Sex—number (%)
Male 35 15 (17) 20 (20)
Female 151 72 (83) 79 (80)

Age
Mean (±SD) 48 (±13.0) 51 (±12.7) 46 (±13.0)
Range 21–76 22–73 21–76

Type of MS—number (%)
Relapsing remitting 159 73 (84) 86 (87)
Secondary progressive 23 13 (15) 10 (10)
Primary progressive 3 1 (1) 2 (2)
Progressive relapsing 1 0 (0) 1 (1)

Time since symptom onset of MS—years
Mean (±SD) 15 (±10.2) 17 (±10.9) 14 (±9.4)
Range 3–56 3–56 2–42

Treatment—number (%)
No treatment 21 8 (9) 13 (13)
Injectable 19 16 (18) 3 (3)
Oral 74 34 (39) 40 (40)
Monoclonal 72 29 (33) 43 (43)

Participants on diets—number (%)
MS specific diet 20 8 (9) 12 (12)
Dairy-free diet 13 4 (5) 9 (9)
Gluten-free diet 8 4 (5) 4 (4)
Both dairy- and gluten-free diet 2 1 (1) 1 (1)

Percentages to the nearest whole. Standard deviations to the nearest decimal place. NEDA-3: no evidence of disease
activity 3; MS: multiple sclerosis.
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major disability were more likely to consume dairy.28

However, all participant data, including relapse rate,
was self-reported, and the participants’ diagnosis of
MS was unable to be verified due to the online recruit-
ment of participants through websites and social
media. Our study, although smaller, ensured that
accurate participant data was extracted from an
online clinical database, and only included people
with a confirmed diagnosis of MS according to the
McDonald criteria.

Most recently, a cross-sectional study by Marck
et al.29 investigated the association between diet and
health outcomes in a sample of 1490 Australians

with MS. They found no association between dairy
intake and disability, quality of life, depression, or
anxiety, but they did note that exclusion of dairy
was associated with fewer reported visual symp-
toms.29 However, they measured disability and MS
symptoms using self-reporting tools, which are vul-
nerable to recall and reporting bias and may be
inexact. In contrast, our study uses NEDA-3, an
objective measure of disease activity, improving
accuracy and greatly reducing the risk of bias.

Gluten intake and disease activity in pwMS
Our results showed no statistically significant associ-
ation between estimated gluten intake and NEDA-3

Figure 2. The association between dairy and gluten intake and MS disease activity. Bar graph showing calculated means for
dairy (A) and gluten (B) scores in each of NEDA-3 positive and negative groups. Error bars show SEM.
NEDA-3: no evidence of disease activity 3; SEM: standard error of the mean.
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status in this study. Whilst we could not exclude more
modest benefits, we conclude that gluten intake does
not have a large impact on disease activity. Therefore,
strict limitations of gluten, as recommended by some
MS diets, may not be of major benefit to pwMS. In
fact, pursuing a gluten-free diet without careful consid-
eration for other nutrients has been associated with
inadequate micronutrient intake, weight gain, and an
increased risk of cardiovascular conditions.30–32

Furthermore, gluten-free substitutes pose a significant
financial burden, with gluten-free bakery items being
267% more expensive than their gluten-containing
equivalents, on average.33

Our findings are supported by Johnson et al.,15 who
found no association between overall gluten intake
and self-reported MS symptoms in 75 pwMS.
Additionally, to investigate total gluten intake, they
also analysed the relationship between different
gluten-containing foods and MS symptoms and
found that a higher intake of bread was statistically
significantly correlated with increased fatigue,
muscle spasms, and depression. This warrants
further research into the relationship between specific
gluten-containing foods and disease activity and
symptoms in MS.

A prospective study by Rodrigo et al. (2014) with 72
participants showed that when compared to a regular
diet, a gluten-free diet improved EDSS and lesion
activity on MRI but had no effect on the annual
relapse rate.16 EDSS, MRI, and relapse rate were
each evaluated individually in this study, whereas
our study used NEDA-3, which provides greater
accuracy than the individual measurements alone.
Interestingly, the regular diet group in Rodrigo
et al.’s study was formed retrospectively from partici-
pants who were not compliant with the gluten-free
diet they had been asked to follow during the first
six months of the study. Therefore, up to 50% of par-
ticipants enrolled in the study were unable to remain
adherent to the diet. This demonstrates that diets
with strict guidelines are difficult to follow and high-
lights the importance of having sufficient evidence
around gluten-free diets before making a recommen-
dation to pwMS.

A systematic review by Thomsen et al.14 qualitatively
evaluated 49 publications looking at gluten and MS.
They found that most studies had a considerable
risk of bias, and many reported that improvements
in disease activity or disability could not be entirely
attributed to the gluten-free diets. Many also used
self-reported measures of disability, creating recall

and reporting bias. Therefore, they concluded that
there was still insufficient evidence as to whether
gluten plays a role in MS.

Dairy and gluten intake and quality-of-life in pwMS
There was no statistically significant association
between either estimated dairy or gluten intake and
MusiQoL scores in our study, suggesting that
neither dairy nor gluten intake has a large effect on
the quality of life in MS.

Supporting our findings, a large study by Hadgkiss
et al.28 analysed data from 2087 participants recruited
online and found that the consumption of dairy was
not conclusively linked with health-related quality
of life. Gluten intake was not examined, however
better quality of life scores was more likely among
people consuming a generally healthy diet.28 On the
contrary, a small randomised controlled trial by Irish
et al. (2017) examined the relationship between a
modified Palaeolithic diet (excludes both dairy and
gluten) and quality of life, finding statistically signifi-
cant improvement in quality of life in participants fol-
lowing the diet.4 It is important to note that disease
characteristics and other factors such as exercise and
socioeconomic status can also significantly contribute
to quality of life, making it difficult to assess the iso-
lated impact of dietary factors alone.

Strengths and limitations
Our study is limited by the use of a retrospective
dietary screener, which has the potential to be
inexact and is highly susceptible to recall bias.34,35

Furthermore, our dietary screener has not been vali-
dated. However, it was designed in close consultation
with a dietitian and focuses specifically on dairy and
gluten, ensuring all major foods in Australian
supply known to contain dairy and gluten were
included. Most other studies in this field draw conclu-
sions about participants’ dairy and/or gluten intake
from questionnaires that assess overall diet quality,
whereas our dietary screener is targeted to facilitate
more accurate quantification of dairy and gluten
intake specifically. There is also a risk of reverse caus-
ality, as worsening disease activity may have influ-
enced participants’ diets in our study. Prospective,
controlled, interventional trials are required to estab-
lish a temporal sequence between dairy and gluten
and disease activity. Additionally, very few of our
study participants actually followed a dairy-free diet
(n= 13), gluten-free diet (n= 8), or both a dairy-
and gluten-free diet (n= 2), and this limited sample
size may have contributed to the potential null
significance.
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A major strength of our study is the use of NEDA-3,
an objective, standardised tool for measuring disease
activity in MS. NEDA-3 provides greater accuracy
than singular measurements of disease activity or
the self-reported MS symptoms used by existing
studies in the field.18 Its three parameters were obtained
from the clinical assessment of participants by a neur-
ologist during serial clinic visits. Furthermore, the par-
ticipant characteristics of our study are representative
of the wider Australian population with MS.36

Participants with all MS subtypes were included for
analysis to maximise power, given the relatively
small sample size. MS subtypes were not included
as covariates in the association models; therefore,
we were unable to account for all types of relation-
ships between subtypes and main outcome variables.
However, there were only 27 participants with pro-
gressive MS (15%), and the sensitivity analysis
(including subgroup analysis) showed that the differ-
ences were negligible and not statistically significant
(p > 0.1).

Conclusion
This study excludes a large effect of dairy and gluten
intake on NEDA-3 status in a group of pwMS.
Detection of more modest effects will require larger
sample sizes, however, it remains to be determined
whether such effects will translate to clinically important
differences in disease activity. Therefore, recommend-
ing a healthy, balanced diet for pwMS may be the
best approach (encouraging low-fat dairy and whole-
grain products in accordance with the Australian
Dietary Guidelines). Whilst our findings contribute to
the existing research in this field, the overall evidence
remains contradictory, highlighting the need for
further, large, prospective, interventional studies on the
role of dietary interventions in MS.
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