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Abstract
Objective
To assess the association between diet quality and intake of specific foods with disability and
symptom severity in people with multiple sclerosis (MS).

Methods
In 2015, participants in the North American Research Committee on MS (NARCOMS)
Registry completed a dietary screener questionnaire that estimates intake of fruits, vegetables
and legumes, whole grains, added sugars, and red/processed meats. We constructed an overall
diet quality score for each individual based on these food groups; higher scores denoted
a healthier diet. We assessed the association between diet quality and disability status as
measured using Patient-Determined Disease Steps (PDDS) and symptom severity using
proportional odds models, adjusting for age, sex, income, body mass index, smoking status, and
disease duration. We assessed whether a composite healthy lifestyle measure, a healthier diet,
healthy weight (body mass index <25), routine physical activity, and abstinence from smoking
was associated with symptom severity.

Results
Of the 7,639 (68%) responders, 6,989 reported physician-diagnosed MS and provided dietary
information. Participants with diet quality scores in the highest quintile had lower levels of
disability (PDDS; proportional odds ratio [OR] for Q5 vs Q1 0.80; 95% confidence interval
[CI] 0.69–0.93) and lower depression scores (proportional OR for Q5 vs Q1 0.82; 95% CI
0.70–0.97). Individuals reporting a composite healthy lifestyle had lower odds of reporting
severe fatigue (0.69; 95% CI 0.59–0.81), depression (0.53; 95%CI 0.43–0.66), pain (0.56; 95%
CI 0.48–0.67), or cognitive impairment (0.67; 95% CI 0.55–0.79).

Conclusions
Our large cross-sectional survey suggests a healthy diet and a composite healthy lifestyle are
associated with lesser disability and symptom burden in MS.
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Glossary
BMI = body mass index; CI = confidence interval; DSQ = dietary screener questionnaire; IQR = interquartile range; MS =
multiple sclerosis; NARCOMS = North American Research Committee on MS; NHANES = National Health and Nutrition
Examination Survey; OR = odds ratio; PDDS = Patient-Determined Disease Steps.

Multiple sclerosis (MS) is a disease of the CNS1; it remains
unclear why certain individuals experience a mild course with
little disability progression while others accumulate sub-
stantial disability.1,2 Diet is a potentially modifiable contrib-
utor to disease progression.3 Several MS-specific diets have
been popularized as reducing symptoms and ameliorating
disability, including the low saturated fat Swank diet and the
modified Paleolithic Wahls diet.4,5 While anecdotes support
specific dietary modifications improving MS symptoms, few
studies have thoroughly evaluated these hypotheses. Prior
studies were small, did not include detailed information re-
garding symptom severity, or failed to address the association
between diet and other lifestyle characteristics.

Therefore, we evaluated the association between diet, in-
cluding overall diet quality and individual components, and
disability and symptom severity, while accounting for other
lifestyle factors. Since healthy diets are associated with lower
levels of pain, fatigue, cognitive impairment, and depressive
symptoms in healthy individuals,6,7 we also evaluated whether
similar associations exist in people with MS. Finally, we
considered how diet and other modifiable lifestyle factors
such as smoking, physical activity, and obesity may collec-
tively be associated with symptom severity.

Methods
Study population
We included participants in the North American Research
Committee on MS (NARCOMS) Registry. The registry
includes >38,000 individuals with self-reported MS registered
since 1996; 11,011 are active participants (having responded
to a questionnaire in the last 2 years). A prior validation study
confirmed diagnoses of MS in >98% of sampled participants.8

At enrollment, participants report date of birth, sex, and age at
MS symptom onset. On semi-annual update surveys, partic-
ipants report smoking status, alcohol intake, participation in
leisure time physical activity, annual household income, and
clinical and disease characteristics, including height and
weight (used to calculate body mass index [BMI]), disease-
modifying therapy use in the last 6 months (yes, no), MS-
related disease status, symptoms, and disability.

Standard protocol approvals, registrations,
and patient consents
Participants consent to use of their de-identified information
for research. The NARCOMS registry is approved by the
Institutional Review Board at the University of Alabama at
Birmingham.

Disease activity, progression, and
symptom severity
Participants reported whether they had experienced a relapse
in the previous 6 months and whether they had experienced
a gradual worsening of symptoms in those 6 months. They
reported disability using Patient-Determined Disease Steps
(PDDS), which strongly correlates with clinician-assessed
measures, such as the Expanded Disability Status Scale (r =
0.78).9 Using Performance Scales,10 participants reported
impairment in 8 domains, including mobility, hand function,
vision, fatigue, cognition, bladder/bowel, sensory, and spas-
ticity. Participants also reported impairment in additional
domains including depression, tremor, and pain. Except for
mobility (which is a 7-point scale), each domain is rated from
0 (normal) to 5 (total disability). The validity of these scales
has been demonstrated previously.10–16

Dietary information
Participants completed a dietary screener questionnaire (DSQ),
developed by the National Health and Nutrition Examination
Survey (NHANES) in 2009–2010.17 The DSQ provides an
overview of diet when comprehensive information from exten-
sive surveys or 24-hour recalls is not feasible; each of the DSQ’s
26 questions was selected for its relationship to one or more
dietary factors. The DSQ captures intakes of fruits, vegetables
and legumes, dairy/calcium, added sugars (including those from
sugar-sweetened beverages and dessert foods), whole grains/
fiber, and red/processed meat by applying age- and sex-adjusted
scoring algorithms to convert screener responses to estimates of
total dietary intake for these dietary items. The measures used in
the scoring algorithm were estimated from the more compre-
hensive evaluation of diet from an analysis of the full dietary
information completed by NHANES participants.17

We developed a diet quality score as a singular, comprehensive
measure of a person’s overall diet quality using the predicted
intakes of DSQ food group categories: (1) fruits, vegetables,
and legumes, (2) whole grains, (3) sugar from desserts and
sweetened beverages, and (4) red and processed meats. These
food groups were selected based on studies of other chronic
diseases.18–20 To develop the score, we used a quintile-scoring
approach applied in previous studies of heart disease and other
chronic diseases.21–24 We assigned individuals to sex-specific
approximate quintiles based on their intake of a specific food
group. Component scores for fruits, vegetables and legumes,
nuts, and whole grains were assigned using the individual’s
quintile ranking for that item. For red and processed meats and
added sugar intake, lower intakes are desired, so individuals in
the lowest quintile received a score of 5, whereas individuals in
the highest quintile received a score of 1. We did not include
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intake of dairy foods because the DSQ does not distinguish
different types of dairy, which may have differing health effects
(e.g., high vs no saturated fat dairy). The composite score was
the sum of the component scores, and ranged from 4 (low
overall diet quality) to 20 (high overall diet quality). Questions
corresponding to each subpart of the diet score are available in
table e-1, http://links.lww.com/WNL/A13.

Participants reported whether they currently or previously
followed any of 19 specific diets since being diagnosed with
MS, including MS-specific diets (Swank, Wahls), popular
diets (Paleo, Atkins, The Zone Diet, South Beach, Dukan, raw
food, juice cleanses, or weight-loss plans like Jenny Craig,
Weight Watchers, Nutrisystem), and more general diets
(DASH-style diet, Mediterranean, vegetarian, pescatarian,
vegan, gluten-free, low-calorie, low-carbohydrate, or low-
sugar). They also reported the reason for following a specific
diet as general health, weight loss, or MS.

Composite healthy lifestyle
As poor dietary quality tends to correlate with other unhealthy
lifestyle characteristics, we assessed whether a similar association
existed in people with MS using indicators of a composite
healthy lifestyle adapted from guidelines set by the American
Heart Association.25,26 We defined a composite healthy lifestyle
as one where an individual maintains a healthy weight (BMI
<25), routinely engages in physical activity, abstains from
smoking, and consumes a better than average diet (>median diet
quality score). Routine physical activity was defined as partici-
pating in physical activity or exercise (running, calisthenics, golf,
gardening, or walking for exercise) in the last month.

Statistical analysis
We excluded responders who did not report physician-
confirmed MS (n = 47), were unsure of their MS diagnosis
type or reported having other diseases (n = 174), or did not
provide any information on diet or age (n = 378). We sum-
marized sample characteristics using mean (SD), median
(interquartile range [IQR]), and frequency (%) as appropriate.

We assessed the association between the PDDS, depression,
pain, fatigue, and cognition and our diet quality score and in-
dividual diet components using proportional odds models. We
assessed deviations from proportionality (nonparallel lines) for
included covariates graphically and using likelihood ratio tests.
When this assumption indicated a potential violation, we con-
ducted sensitivity analyses allowing for nonproportionality (for
violating covariates) using partial-proportional odds models. We
fit similar multinomial regression models assessing the relation
between overall diet quality scores and individual dietary com-
ponent (DSQ foods) and disability severity by categorizing
PDDS as mild (PDDS <2), moderate (PDDS 2–5), or severe

(PDDS ≥6). Analyses of diet quality and depression, pain, fa-
tigue, and cognition were adjusted for disability (PDDS catego-
ries). We adjusted for covariates in all models: age (continuous),
disease duration (quartiles: <13 [ref], 13–18, 18–25, ≥25 years),
BMI (quartiles: <22.5 [ref], 22.5–25.8, 25.9–30.3, ≥30.4), in-
come (<$50,000 [ref], $50–100,000, ≥$100,000, decline to an-
swer), and smoking status (no [ref], yes). We adjusted for
missing covariate information using indicator variables.

We assessed the association between prevalence of relapse in
the previous 6 months (binary; yes, no) and gradual feeling of
symptoms worsening (binary; yes, no) with our diet quality
score using logistic regression. Since the prevalence of relapse
decreases with increasing age, we fit additional models strat-
ified by age quartile. Additional analyses stratified by MS
course (relapsing-remitting, secondary progressive, and pri-
mary progressive), smoking status, and whether individuals
were following a specific diet for MS (yes, no).

Finally, we assessed whether composite healthy lifestyle was
associated with disability, depression, fatigue, pain, or cognitive
impairment. We applied multinomial models for mild, mod-
erate, and severe impairment defined using the following score
categorizations: disability (mild, moderate, severe, as defined
above), depression/cognition/fatigue (mild 0, moderate 1–2,
severe ≥3), and pain (mild 0–1, moderate 2–3, severe ≥4).
Models were adjusted for age, sex, income, and disease dura-
tion. Models for depression, pain, fatigue, and cognition also
adjusted PDDS score. Because disability may limit physical
activity, sensitivity analyses created a composite healthy lifestyle
considering only smoking status, weight, and diet.

Analyses were conducted using SAS version 9.4 (Cary, NC)
and R version 3.2.2 (r-project.org/).

Results
Of the 11,100 active registry participants, 7,639 (69%) indi-
viduals responded to the fall 2015 survey and 6,989 were in-
cluded in the analysis; their characteristics are shown in table 1.
As compared to nonresponders, responders were more likely to
be Caucasian (92% vs 88%), married (41.9% vs 31.0%), older
(mean [SD] 59.5 [13.1] years vs 56.0 [33.4] years), have longer
disease duration (19.7 [9.9] years vs 16.5 [10.5] years), and be
longer-time study participants (11 [5.4] years vs 8 [6.3] years).
Responders and nonresponders had similar disability at en-
rollment (median PDDS [IQR] 3 [1–4] vs 3 [1–4]).

Overall diet quality scores averaged 11.9 (SD 3.0) and ranged
from 4 to 20. Individuals with higher diet quality scores were
older, were slightly more likely to be Caucasian, and had higher
levels of income (table 2). Those with higher diet quality scores
were less likely to be smokers and be less overweight and were
more likely to participate in physical activity and report following
a special diet for MS. Diet quality scores did not vary appreciably
across clinical MS characteristics.

Supplemental Data
NPub.org/f3esrm
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Table 1 Characteristics of North American Research Committee onMS (NARCOMS) responders by quintile of diet quality
score

Quintile of diet quality score

Q1 Q2 Q3 Q4 Q5

n 963 1,343 1,857 1,441 1,385

Mean 7.10 9.59 11.52 13.44 16.34

Range 4–8 9–10 11–12 13–14 15–20

Age, y, mean (SD) 56.91 (11.08) 58.35 (10.73) 59.51 (10.04) 60.05 (10.18) 59.72 (9.38)

Age at symptom onset, y, mean (SD) 30.51 (10.06) 31.13 (10.18) 31.43 (10.24) 31.53 (10.07) 30.44 (10.25)

Age at diagnosis, y, mean (SD) 37.85 (9.66) 38.76 (9.88) 39.48 (9.78) 39.40 (9.81) 39.31 (9.91)

Female, n (%) 772 (80.2) 1,085 (80.8) 1,472 (79.3) 1,112 (77.2) 1,132 (81.7)

Disease duration, y, mean (SD) 18.51 (9.58) 18.98 (9.64) 19.49 (9.66) 20.19 (10.09) 19.90 (9.86)

White, n (%) 877 (91.1) 1,226 (91.3) 1,716 (92.4) 1,336 (92.7) 1,283 (92.64)

Body mass index, kg/m2, mean (SD) 28.41 (7.35) 27.91 (6.89) 27.22 (6.04) 26.59 (6.09) 25.59 (5.79)

Current smokers, n (%) 182 (18.9) 154 (11.5) 169 (9.1) 105 (7.30) 44 (3.2)

Participate in leisure time physical activity, n (%) 457 (48.0) 735 (55.5) 1,138 (61.8) 984 (69.1) 1,061 (77.4)

Current use of disease-modifying therapy, n (%) 627 (66.5) 881 (66.4) 1,232 (67.5) 903 (63.6) 901 (65.7)

Reside in private home, n (%) 895 (93.2) 1,254 (94.0) 1,729 (93.8) 1,343 (93.5) 1,297 (94.0)

Income, USD, n (%)

<$50,000 254 (26.4) 292 (21.7) 408 (22.0) 267 (18.5) 229 (16.5)

$50,000–$100,000 407 (21.7) 570 (42.4) 738 (39.7) 567 (39.4) 518 (37.4)

>$100,000 121 (12.6) 182 (13.6) 301 (16.2) 275 (19.1) 296 (21.4)

Decline to answer 177 (18.4) 288 (21.4) 392 (21.1) 320 (22.2) 333 (24.0)

MS subtype, n (%)

CIS 13 (1.4) 34 (2.6) 56 (3.1) 40 (2.9) 22 (1.6)

RR 529 (56.4) 722 (55.6) 967 (53.9) 709 (51.5) 753 (55.9)

SP 203 (21.6) 291 (22.4) 413 (23.0) 366 (26.7) 351 (26.1)

PP 83 (8.9) 114 (8.8) 199 (8.9) 133 (9.7) 106 (7.8)

Unknown/unsure 110 (11.7) 137 (10.6) 199 (11.1) 130 (9.4) 115 (8.5)

Diet characteristics, mean (SD)

Fiber, g/d 10.90 (2.49) 12.63 (3.59) 15.52 (10.10) 16.51 (6.34) 20.46 (7.57)

Calcium, mg/d 646.3 (189.2) 692.2 (232.6) 750.5 (357.4) 757.4 (286.9) 793.2 (279.3)

Added sugar, tsp/d 14.36 (6.15) 11.37 (5.91) 9.84 (6.4) 8.12 (4.71) 6.23 (3.68)

Added sugar from sugar-sweetened beverages, tsp/d 7.21 (6.45) 4.50 (5.30) 3.35 (5.10) 2.14 (3.50) 1.10 (2.37)

Dairy, servings/d 1.14 (0.54) 1.20 (0.61) 1.23 (0.70) 1.23 (0.66) 1.22 (0.67)

Whole grains, servings/d 0.29 (0.33) 0.53 (0.60) 0.90 (1.46) 1.04 (1.07) 1.68 (1.68)

Fruits, vegetables, legumes (no French fries), cup/d 1.69 (0.58) 2.03 (0.74) 2.40 (1.02) 2.72 (0.91) 3.31 (0.85)

Red and processed meats, servings/d 0.79 (0.48) 0.65 (0.48) 0.55 (0.52) 0.40 (0.39) 0.21 (0.25)

Continued
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In multivariable proportional odds models adjusted for age,
sex, household income, disease duration, BMI, and smoking
status, individuals in the top quintile of diet quality score were
at 20% lower odds of higher PDDS scores relative to indi-
viduals in the bottom quintile (figure 1A; odds ratio [OR]
0.80; 95% confidence interval [CI] 0.69–0.93; p for trend =
0.002). We observed similar results using multinomial models
where individuals in the top quintile had a 21% lower prev-
alence of severe vs mild disability than those in the bottom
quintiles (OR 0.77; 95% CI 0.61–0.98; p for trend = 0.04;
table 2). Since smoking is associated with diet quality and
disability status,27 we assessed the association between diet
quality and disability status among nonsmokers (figure 1B).
Findings were consistent; individuals in the top quintile were
at 17% lower odds of higher PDDS scores when compared
with those in the bottom quintile (OR 0.82; 95% CI 0.70 to
0.96; p for trend = 0.006). In the analyses of the specific diets
queried, any exposure (past or current) to one of the diets or diet
plans was associated with modestly lower odds of increasing
disability (OR 0.89; 95% CI 0.81–0.97; p = 0.009). Individually,
exposure to the Wahls diet or a gluten-free diet was associated
with greater disability (Wahls OR 1.51; 95% CI 1.25–1.78;
gluten-free OR 1.31; 95% CI 1.13–1.52). However, this associ-
ation is likely driven by differences in the prevalence of pro-
gressive disease subtypes in individuals following this diet;
individuals following theWahls diet were nearly 50%more likely
to have progressive MS. Exposure to a weight loss plan diet was
associated with lower disability (0.88; 95% CI 0.79–0.99), while
exposure to other diets was not associated with disability.

In the individual food group analyses (table 2), individuals in
the top quintile of intake of whole grains and of total dairy
were at lower odds of severe vs mild disability than those in
the bottom quintile of each food group (whole grains, Q5 vs

Q1: OR 0.78; 95% CI 0.63–0.96; p for trend = 0.02; dairy
intake, Q5 vs Q1: OR 0.77; 95% CI 0.62–0.96; p for trend =
0.009). We observed consistent results using proportional
odds models (data not shown). Other dietary components
were not associated with disability status.

Higher diet quality was associated with lower odds of more
severe depressive symptoms inmultivariable models adjusting
for disability status (table 3; Q5 vs Q1: 0.82; 95% CI
0.70–0.97; p for trend = 0.01). Diet quality was not associated
with severity of fatigue, pain, or cognitive symptoms. Simi-
larly, for the remaining symptom domains, except for mobility
(which correlates highly with PDDS), diet quality scores were
not associated with symptom severity (table e-2, http://links.
lww.com/WNL/A13).

As compared to individuals who did not, those who adhered to
a composite healthy lifestyle were at substantially lower odds of
severe vs mild depression (OR 0.53; 95% CI 0.43–0.66), pain
(OR 0.56; 95% CI 0.48–0.67), fatigue (OR 0.69; 95% CI
0.59–0.81), and cognitive symptoms (OR 0.66; 95% CI
0.43–0.66), after adjusting for disease duration, PDDS, age, and
sex (figure 2). A composite healthy lifestyle was also associated
with lower odds of severe disability vs mild disability (OR 0.45;
95% CI 0.38 to 0.52; p < 0.0001). In sensitivity analyses that
excluded physical activity from the composite healthy lifestyle,
participants who maintained a composite healthy lifestyle
remained at lower odds of severe disability vs mild disability
(OR 0.83; 95% CI 0.72–0.95; p = 0.008).

Diet quality scores were not associated with relapse in the
previous 6 months (Q5 vs Q1: 0.94; 95% CI 0.75–1.17) or
with gradual symptom worsening (Q5 vs Q1: 0.91; 95% CI
0.76–1.08).

Table 1 Characteristics of North American Research Committee on MS (NARCOMS) responders by quintile of diet quality
score (continued)

Quintile of diet quality score

Q1 Q2 Q3 Q4 Q5

MS-specific diets, n (%)

Wahls 13 (1.4) 27 (2.0) 66 (3.6) 61 (4.2) 72 (5.2)

Swank 26 (2.7) 57 (4.2) 115 (6.2) 113 (7.8) 155 (11.2)

Common specific diets, n (%)

Weight loss program 134 (13.9) 234 (17.4) 349 (18.8) 242 (16.8) 267 (19.3)

Gluten-free 46 (4.8) 85 (6.3) 160 (8.6) 151 (10.5) 180 (13.0)

Mediterranean 16 (1.7) 34 (2.5) 82 (4.4) 85 (5.9) 178 (12.9)

Low-sugar 34 (3.5) 105 (7.8) 176 (9.5) 207 (14.4) 304 (21.9)

Low-carb 77 (8.0) 153 (11.4) 206 (11.1) 212 (14.7) 218 (15.7)

Paleo 27 (2.8) 63 (2.7) 97 (5.2) 64 (4.4) 80 (5.8)

Abbreviations: CIS = clinically isolated syndrome; PP = primary progressive; RR = relapsing-remitting; SP = secondary progressive.

Neurology.org/N Neurology | Volume 90, Number 1 | January 2, 2018 e5

Copyright ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/WNL/A13
http://links.lww.com/WNL/A13
http://neurology.org/n


Table 2 Individual dietary characteristics and odds ratio (OR)a (95% confidence interval [CI]) of disability severity

Quintile Mean (SD)

No. of patients in each disability
category

Moderate vs mild,
ORa (95% CI)

Severe vs mild,
OR (95% CI)Mild Moderate Severe

Overall diet quality scores

Q1 7.10 (1.3) 265 (0.28) 318 (0.33) 377 (0.39) 1.00 [ref] 1.00 [ref]

Q2 9.58 (0.49) 372 (0.28) 493 (0.37) 475 (0.35) 1.11 (0.89–1.39) 0.80 (0.62–1.01)

Q3 11.52 (0.50) 510 (0.28) 637 (0.34) 702 (0.38) 1.05 (0.85–1.30) 0.84 (0.67–1.04)

Q4 13.44 (0.50) 432 (0.3) 465 (0.32) 535 (0.37) 0.94 (0.75–1.17) 0.74 (0.59–0.93)

Q5 16.34 (1.37) 401 (0.29) 497 (0.36) 479 (0.35) 1.16 (0.93–1.17) 0.77 (0.61–0.98)

p for Trend 0.42 0.04

Fruit, vegetables, and legumes, servings/d

Q1 1.23 (0.30) 354 (0.25) 499 (0.36) 542 (0.39) 1.00 [ref] 1.00 [ref]

Q2 1.86 (0.19) 421 (0.3) 482 (0.35) 488 (0.35) 0.88 (0.73–1.08) 0.83 (0.68–1.03)

Q3 2.34 (0.19) 408 (0.29) 448 (0.32) 536 (0.39) 0.85 (0.69–1.03) 0.88 (0.72–1.09)

Q4 2.95 (0.25) 405 (0.29) 476 (0.34) 512 (0.37) 0.95 (0.78–1.16) 0.88 (0.71–1.09)

Q5 3.99 (0.62) 391 (0.28) 505 (0.36) 490 (0.35) 1.08 (0.89–1.33) 0.96 (0.78–1.19)

p for Trend 0.27 0.96

Whole grains, servings/d

Q1 0.13 (0.44) 387 (0.28) 453 (0.33) 553 (0.4) 1.00 [ref] 1.00 [ref]

Q2 0.30 (0.08) 403 (0.29) 457 (0.33) 535 (0.38) 1.00 (0.82–1.21) 0.95 (0.77–1.16)

Q3 0.54 (0.12) 401 (0.29) 482 (0.35) 511 (0.37) 1.03 (0.84–1.25) 0.81 (0.66–1.00)

Q4 0.97 (0.24) 392 (0.28) 484 (0.35) 513 (0.37) 1.08 (0.90–1.33) 0.90 (0.73–1.10)

Q5 2.71 (1.95) 396 (0.29) 534 (0.39) 456 (0.33) 1.20 (0.99–1.46) 0.78 (0.63–0.96)

p for Trend 0.04 0.02

Fiber, servings/d

Q1 9.28 (1.16) 374 (0.27) 470 (0.34) 543 (0.39) 1.00 [ref] 1.00 [ref]

Q2 11.52 (1.08) 380 (0.27) 493 (0.35) 516 (0.37) 1.13 (0.93–1.38) 1.05 (0.85–1.29)

Q3 13.63 (1.20) 423 (0.3) 457 (0.33) 507 (0.37) 0.88 (0.72–1.07) 0.78 (0.63–0.96)

Q4 16.81 (1.53) 411 (0.3) 466 (0.34) 505 (0.37) 1.02 (0.84–1.24) 0.93 (0.75–1.14)

Q5 26.33 (10.71) 388 (0.28) 515 (0.37) 478 (0.35) 1.23 (1.01–1.50) 0.95 (0.77–1.17)

p for Trend 0.17 0.34

Dairy intake, servings/d

Q1 0.47 (0.14) 360 (0.26) 449 (0.32) 582 (0.42) 1.00 [ref] 1.00 [ref]

Q2 0.81 (0.10) 408 (0.29) 449 (0.32) 537 (0.39) 0.91 (0.74–1.11) 0.88 (0.72–1.09)

Q3 1.11 (0.13) 425 (0.31) 482 (0.35) 483 (0.35) 0.90 (0.73–1.09) 0.71 (0.58–0.87)

Q4 1.47 (0.17) 376 (0.27) 491 (0.35) 521 (0.38) 1.02 (0.83–1.24) 0.80 (0.65–0.98)

Q5 2.20 (0.51) 410 (0.29) 539 (0.39) 445 (0.32) 1.13 (0.93–1.37) 0.77 (0.62–0.96)

p for Trend 0.10 0.009

Continued
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Discussion
In this large survey of diet quality and MS symptoms, diets
higher overall in fruits, vegetables, legumes, and whole grains
and lower in added sugars from sweets and sugar-sweetened
beverages and red meat were associated with lower disability
levels. Higher intakes of whole grains and dairy products were
associated with lower disability. Higher overall diet quality
was also associated with less severe depression. A composite

healthy lifestyle was associated with less severe depression,
pain, fatigue, cognitive impairment, and disability.

Our findings are consistent with smaller cross-sectional
studies of diet in people with MS. Low fruit and vegetable
intake was associated with lower quality of life in Southern
Australians with MS.28 A global study found that a diet
emphasizing higher intakes of fruits and vegetables, omega-
3 fatty acids, and fiber, and lower intakes of sodium and

Table 2 Individual dietary characteristics and odds ratio (OR)a (95% confidence interval [CI]) of disability severity (continued)

Quintile Mean (SD)

No. of patients in each disability
category

Moderate vs mild,
ORa (95% CI)

Severe vs mild,
OR (95% CI)Mild Moderate Severe

Calcium intake, mg/d

Q1 479 (50) 366 (0.26) 446 (0.32) 577 (0.42) 1.00 [ref] 1.00 [ref]

Q2 573 (48) 393 (0.28) 484 (0.35) 507 (0.37) 1.07 (0.87–1.30) 0.90 (0.73–1.10)

Q3 665 (54) 424 (0.31) 463 (0.33) 499 (0.36) 0.93 (0.76–1.14) 0.78 (0.63–0.95)

Q4 792 (75) 410 (0.3) 468 (0.34) 508 (0.37) 1.00 (0.82–1.23) 0.83 (0.67–1.02)

Q5 1,164 (349) 382 (0.28) 540 (0.39) 458 (0.33) 1.26 (1.03–1.53) 0.83 (0.68–1.02)

p for Trend 0.07 0.05

Red and processed meats, servings/d

Q1 0.05 (0.05) 329 (0.28) 378 (0.33) 455 (0.39) 1.00 [ref] 1.00 [ref]

Q2 0.19 (0.07) 425 (0.28) 537 (0.35) 567 (0.37) 1.10 (0.90–1.35) 1.06 (0.86–1.32)

Q3 0.38 (0.09) 349 (0.3) 414 (0.35) 412 (0.35) 1.05 (0.85–1.31) 0.94 (0.75–1.17)

Q4 0.58 (0.11) 455 (0.29) 575 (0.36) 553 (0.35) 1.14 (0.93–1.40) 1.06 (0.86–1.32)

Q5 1.19 (0.51) 421 (0.28) 506 (0.34) 581 (0.39) 1.03 (0.84–1.25) 1.10 (0.89–1.36)

p for Trend 0.75 0.43

Added sugar, servings/d

Q1 3.40 (1.27) 384 (0.28) 486 (0.35) 524 (0.38) 1.00 [ref] 1.00 [ref]

Q2 6.16 (1.04) 399 (0.29) 478 (0.34) 516 (0.37) 0.95 (0.78–1.16) 0.90 (0.74–1.12)

Q3 8.56 (1.36) 423 (0.3) 465 (0.33) 504 (0.36) 0.88 (0.72–1.07) 0.91 (0.74–1.12)

Q4 11.40 (1.84) 426 (0.31) 455 (0.33) 507 (0.37) 0.84 (0.69–1.03) 0.92 (0.75–1.13)

Q5 18.94 (5.70) 347 (0.25) 526 (0.38) 517 (0.37) 1.16 (0.95–1.42) 1.19 (0.96–1.47)

p for Trend 0.49 0.19

Added sugar from sugar-sweetened beverages, servings/d

Q1 0 (0) 427 (0.26) 556 (0.33) 687 (0.41) 1.00 [ref] 1.00 [ref]

Q2 0.34 (0.22) 343 (0.32) 387 (0.36) 358 (0.33) 0.90 (0.73–1.10) 0.66 (0.53–0.82)

Q3 1.50 (0.67) 396 (0.28) 475 (0.34) 526 (0.38) 0.91 (0.75–1.10) 0.82 (0.67–1.00)

Q4 3.95 (1.22) 423 (0.3) 466 (0.33) 503 (0.36) 0.86 (0.71–1.04) 0.84 (0.69–1.03)

Q5 11.27 (6.09) 387 (0.28) 520 (0.37) 483 (0.35) 1.01 (0.83–1.23) 0.90 (0.73–1.10)

p for Trend 0.84 0.67

a All are adjusted for age, sex, bodymass index (BMI), disease duration, and smoking status; missingness for each covariate was ≤5% (BMI [n = 356], smoking
status [n = 67], income [n = 57]).
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alcohol, was also associated with higher physical and mental
composite health.29 In those studies, as in this one, causal
inference cannot be made because poor physical or mental
health may lead to poorer diet quality or food choices.
While the mechanisms linking diet to disability in people
with MS are unknown, diet can influence gut microbiota,
immune status, and burden of oxidative stress.30–32

In people with MS, few longitudinal studies of diet have
been conducted, and several small randomized trials of

dietary modifications are ongoing or have recently been
completed. One trial testing early vs delayed randomization to
a very-low-fat, plant-based diet in 61 people with MS did not
find improvements in brain MRI outcomes or relapse rate over
1 year.33 However, the study was not powered to detect
differences in these outcomes and observed an improvement in
fatigue, cholesterol, and insulin levels. Three ongoing trials with
sample sizes ranging from 30 to 45 participants are assessing
feasibility of diets such as intermittent fasting or a healthy
American-style (ClinicalTrials.gov identifier: NCT02647502,

Figure 1 Relative odds ratios (ORs) for a 1-unit increase in Patient-Determined Disease Steps (PDDS) scores vs quintile of
diet quality scores

RelativeORs for a 1-unit increase in PDDS scores vs quintile of diet quality scores overall (A) and among nonsmokers (B). ORs are adjusted for age, sex, disease
duration, income, and body mass index. CI = confidence interval.

Table 3 Diet quality scores and odds ratioa (95% confidence interval) for specific symptom type severity

Mean score

Quintile of diet quality score

Q1, 7.10 Q2, 9.59 Q3, 11.52 Q4, 13.44 Q5, 16.34 p for Trend

Depression, per 1 unit increase in score 1.00 [ref] 0.89 (0.76–1.04) 0.85 (0.73–0.98) 0.79 (0.67–0.93) 0.82 (0.70–0.97) 0.01

Moderate vs mild depression 1.00 [ref] 0.96 (0.80–1.17) 0.98 (0.82–1.18) 0.93 (0.77–1.12) 0.89 (0.74–1.09) 0.24

Severe vs mild depression 1.00 [ref] 0.87 (0.58–1.30) 0.60 (0.40–0.91) 0.69 (0.45–1.06) 0.75 (0.47–1.16) 0.08

Cognitive impairment, per 1 unit increase in score 1.00 [ref] 0.99 (0.85–1.15) 1.00 (0.87–1.15) 0.98 (0.852–1.14) 1.01 (0.87–1.18) 0.94

Moderate vs mild impairment 1.00 [ref] 1.04 (0.87–1.25) 1.08 (0.91–1.29) 1.13 (0.94–1.36) 1.08 (0.90–1.31) 0.26

Severe vs mild impairment 1.00 [ref] 0.87 (0.62–1.23) 0.95 (0.69–1.31) 0.87 (0.62–1.24) 1.18 (0.84–1.66) 0.34

Fatigue, per 1 unit increase in score 1.00 [ref] 0.91 (0.78–1.06) 0.86 (0.75–1.00) 0.94 (0.81–1.09) 1.07 (0.92–1.25) 0.23

Moderate vs mild fatigue 1.00 [ref] 0.95 (0.75–1.19) 0.93 (0.75–1.16) 1.03 (0.82–1.28) 0.98 (0.78–1.24) 0.26

Severe vs mild fatigue 1.00 [ref] 0.88 (0.67–1.14) 0.80 (0.62–1.02) 0.97 (0.75–1.26) 1.07 (0.82–1.40) 0.73

Pain, per 1 unit increase in score 1.00 [ref] 0.97 (0.84–1.13) 0.97 (0.84–1.11) 1.02 (0.88–1.18) 1.02 (0.87–1.17) 0.77

Moderate vs mild pain 1.00 [ref] 0.89 (0.73–1.08) 1.02 (0.85–1.22) 1.05 (0.86–1.27) 0.99 (0.82–1.20) 0.43

Severe vs mild pain 1.00 [ref] 1.10 (0.84–1.44) 0.89 (0.69–1.16) 1.21 (0.92–1.59) 1.03 (0.70–1.36) 0.62

a All are adjusted for age, sex, bodymass index (BMI), disease duration, smoking status, income, leisure time physical activity, and Patient-DeterminedDisease
Steps score; missingness for each covariate was ≤5%; missing indicator variables were used to adjust for missingness (BMI [n = 356], smoking status [n = 67],
income [n = 57]).
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NCT02986893) and another study on the Wahls diet or the
Wahls Paleo Plus vs the Swank diet (NCT02914964), where
the primary outcome is fatigue. These trials are not designed
to determine the long-term disease-modifying effects of
these diets. Additional longitudinal observational and
interventional studies that evaluate a range of outcomes will
still be needed.

Any exposure to a specific diet or diet plan was inversely
associated with increasing disability severity. Unexpectedly,
adherence to the Wahls diet was associated with increasing
disability severity. However, this diet is primarily targeted at
patients with progressive disease, likely creating a selection
bias of a specific subgroup of patients adhering to a particular
diet, which may be driving some of the observed associations.
Similarly, exposure to a gluten-free diet and lower intakes of
dairy and calcium were also more common in patients with
progressive vs relapsing-remitting disease. As a result, longi-
tudinal assessment of people with MS who follow these diets

is needed to better understand their effect on MS symptoms
and evolution of disease course.

Since smoking, obesity, insufficient physical activity, and
inadequate nutrition contribute to most preventable causes
of morbidity in the general population and have been
heavily studied with respect to cardiovascular disease,25,26

we focused on these factors to derive our measure of
a composite healthy lifestyle. Our findings are consistent
with a smaller study of people with MS,34 which found that
lifestyle factors including smoking, poor nutrition, excess
alcohol intake, and no physical activity tended to co-occur,
with more than half of the participants having more than
one risk factor. The prevalence of severe depression, fa-
tigue, pain, and cognitive symptoms was lower for our
participants who maintained a composite healthier lifestyle
than those who did not. While this cross-sectional study
cannot determine whether a healthy lifestyle reduces MS
symptoms or whether their severity hinders individuals

Figure 2 Relative odds ratios (ORs) of symptom severity for maintaining a composite healthy lifestyle vs not maintaining
a composite healthy lifestyle

ORs are adjusted for age, sex, disease duration, income, body mass index (BMI), and Patient-Determined Disease Steps score. An individual maintains
a composite healthy lifestyle if he or she engages in leisure time physical activity, maintains a healthy weight (BMI <25 kg/m2), and is a nonsmoker for
depression (A), fatigue (B), pain (C), and cognitive impairment (D). CI = confidence interval.
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from engaging in a fully healthy lifestyle, it provides a ra-
tionale for further study of the association’s directionality.

Our study has limitations. Respondents tended to be older, to
be predominantly Caucasian, and to have longstanding MS.
The association between diet and MS outcomes may differ in
other subgroups of people with MS. However, the sample of
participants in the registry appears representative of the general
US MS population with respect to sex, age at symptom onset,
and MS course.35 The DSQ lacked detailed information con-
cerning potentially important dietary factors such as specific
types of fats and could not differentiate between types of dairy
foods.36,37 Further, our dietary score equally weights each
component with respect to disability and symptoms, but dif-
ferent dietary components may contribute differentially to
disease processes. Our study cannot determine whether the
observed associations are disease-specific; adherence to
a Mediterranean-style diet is associated with less brain atrophy
in populations of older, otherwise healthy individuals.38 As
noted, the design limits causal inference.

Our findings suggest that high-quality diets emphasizing intake
of fruits, vegetables and legumes, and whole grains and low
intakes of sugar and red meat are associated with lower levels of
disability in people with MS. Individuals who maintain
a healthier lifestyle have a lower prevalence of severe de-
pression, pain, fatigue, and cognitive problems. As diet and
other lifestyle factors aremodifiable, they offer a promising, safe
avenue to ameliorate MS-associated symptoms and influence
disease course. Longitudinal studies are needed to gain a better
understanding of the directionality of the association between
diet, a composite healthy lifestyle, and disease outcomes.
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