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ABSTRACT
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Objective: The objective of this study was to examine whether participation in a 12-month multimodal
intervention would improve mood and cognitive function in adults with progressive multiple sclerosis
(MS).
Methods: In this one-arm, open-label feasibility trial, participants were prescribed a home-based
multimodal intervention, including (1) a modiﬁed Paleolithic diet; (2) an exercise program (stretching and
strengthening of the trunk and lower limb muscles); (3) neuromuscular electrical stimulation (EStim) of
trunk and lower limb muscles; and (4) stress management (meditation and self-massage). Individuals
completed measures of mood (Beck Anxiety and Depression Inventories) and cognitive (Cognitive Stability
Index, Cognitive Screening Test, Delis–Kaplan Executive Function System) and executive function
(Wechsler Adult Intelligence Scale) at baseline and 3, 6, 9, and 12 months after the start of the
intervention. Dosage of the multimodal intervention was assessed at 3, 6, 9, and 12 months.
Results: The more individuals participated in the intervention activities, the greater improvements they
had from baseline to 12 months on self-report measures of anxiety (Beck Anxiety Inventory [BAI]; ps D
0.001 to 0.02), depression (Beck Depression Inventory [BDI]; ps D <0.0001 to 0.09), cognitive function
(Cognitive Stability Index [CSI/T], Delis-Kaplan Executive Function System [DKEFS]; ps D 0.001 to 0.06), and
executive function (Wechsler Adult Intelligence Scale [WAIS]; ps D <0.0001 to 0.09). Mood and cognitive
improvements were more closely related to a higher intake of the modiﬁed Paleolithic diet than to
exercise and stress management dosage. Anxiety and depression changes were evident after just a few
months, whereas changes in cognitive function were generally not observed until later in the intervention
period. Mood and cognitive function changes from baseline to 12 months were signiﬁcantly associated
with fatigue improvements (ps D <0.0001 to 0.03).
Conclusions: A modiﬁed Paleolithic diet, exercise, EStim, and stress management intervention like this one
has the potential to improve the mood and cognitive symptoms that can lead to considerable suffering in
people with MS, potentially improving quality of life and function for people with progressive MS.
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Introduction
Cognitive impairment is a debilitating feature of multiple sclerosis (MS) that affects up to 60% of individuals [1] and occurs
independent of physical decline [2]. The cognitive abilities
most affected by MS are processing speed, attention, learning,
and memory [2–4], making everyday tasks challenging. There
is also a 35 to 50% lifetime prevalence of anxiety or depression
in people with MS [5,6], worsening the cognitive deﬁcits [7].
These cognitive and mood impairments intensify the physical
symptoms, leading to further decreased function and quality of
life. Unfortunately, current therapy decreases (but does not
eliminate) the relapses in relapsing–remitting MS (RRMS) and
may slow the decline of secondary progressive MS (SPMS) but
is ineffective at treating progressive disability associated with
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MS [8,9]. Furthermore, disease-modifying drugs have undesirable side effects [10] and are cost-prohibitive (thousands of dollars per month) [11]. Cost-effective therapies that alter the MS
disease are needed.
At present, there are no therapies to counteract the mood
impairment or cognitive damage resulting from MS, so many
patients use complementary, nonpharmacologic approaches.
Non-drug treatments such as psychotherapy, neuropsychological rehabilitation, and relaxation training are generally effective
for cognitive and mood symptoms in people diagnosed with
MS [12–14]. Diet changes are also recommended; the dietary
approaches of MS are varied and may consist of allergen-free
(gluten, milk) and/or polyunsaturated fatty acids (PUFA) supplements, vitamins (e.g., vitamin D), micronutrients, and/or or
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antioxidants (e.g., selenium, Gingko biloba, coenzyme Q10)
[15]. Speciﬁc diets can include the Swank, McDougall, and
Paleolithic diets. Emerging data suggest that environmental factors such as diet quality (i.e., total daily vegetable servings) have
a greater inﬂuence on the development and severity of MS than
genetics [16], and diet quality is inversely correlated with the
risk of developing MS and obesity [16]. A higher intake of
greens, sulfur-rich vegetables, and brightly colored vegetables
and fruits also provides more helpful dietary molecules (e.g.,
ﬂavonoids, polyphenols, thiols) that may impact multiple
molecular pathways inﬂuencing MS disease activity (e.g., sirtuins, AMP-activated protein kinase (AMPK), nuclear transcription factor kappa B, peroxime proliferator–activated
receptors) [17,18], possibly setting the stage for reduced disease
activity. Gluten sensitivity is also associated with neurologic
dysfunction and white matter changes in the brain and spinal
cord [19]. Thus, a diet that is maximally nutrient dense and
avoids foods linked to white matter damage and neurological
symptoms in genetically predisposed individuals is likely beneﬁcial for MS and associated with less risk than traditional pharmacological approaches.
A second environmental factor affecting MS development is
physical activity [16]. Among people diagnosed with MS, systematic reviews reported that exercise interventions and
increased physical activity are associated with improved cardiorespiratory function, quality of life, muscle strength, body composition, ﬁtness, disability, fatigue, and mood [20–22]. Despite
the potential usefulness and rationale for MS diet and exercise
approaches, only a handful of high-quality studies examined
the efﬁcacy of diet and/or exercise interventions for people
with MS. In a 2009 case report [23], a neuromuscular electrical
stimulation (EStim) and nutritional intervention led to signiﬁcant improvements in physical function. A follow-up pilot feasibility study [24,25] assessed whether this case report
intervention could be adopted and tolerated by others with progressive MS. The pilot trial found that a multimodal intervention (diet, exercise, EStim, stress management) was feasible in a
larger sample and signiﬁcantly improved quality of life and
fatigue in people with progressive MS. This nonpharamacologic
approach may also beneﬁt mood and cognitive function in people with MS and be associated with less risk than traditional
interventions, but the case report and pilot trial did not report
mood and cognitive outcomes. Indeed, studies found that an 8week exercise intervention improved cognitive scores in people
with MS [26], and 12 weeks of resistance training led to signiﬁcantly improved mood and cognition in another MS sample
[27]. Though no known studies examined the efﬁcacy of the
case report intervention on mood and cognition in people with
MS, collectively these studies suggest that a multimodal intervention may beneﬁt the symptoms and prognosis of MS.
The aim of this study was to examine the efﬁcacy and effectiveness of this multimodal intervention on mood (anxiety,
depression) and cognitive function (learning/memory, attention, language, speed, complex verbal ﬂuency, and verbal and
visual reasoning) in people diagnosed with progressive MS.
This investigation extends prior ﬁndings on non-drug interventions for MS and ﬁlls a gap in the literature by addressing the
mood and cognitive symptoms of progressive MS in a single
study. We chose progressive MS patients because spontaneous

remissions do not occur with SPMS or primary progressive MS
(PPMS), so if improvements were observed, they would be
attributed to remission. Speciﬁcally, we prescribed a homebased, 12-month individualized intervention that included a
modiﬁed Paleolithic diet, exercise, EStim, and stress management. We hypothesized that a higher dosage of this multimodal
intervention between baseline and 12 months would lead to
greater improvements in mood and cognitive function. Establishing this association in people with MS is a critical ﬁrst step
toward identifying an effective, nonpharmacologic intervention
for MS.

Materials and methods
Study design
This pilot, one-group, quasi-experimental with multiple time
points study design was described previously [24,25]. Brieﬂy, it
was a one-arm, open-label trial, and potential participants with
PPMS and SPMS were informed about the study by physicians
in the spinal cord injury clinic at the Iowa City Veteran’s
Affairs Medical Center and the University of Iowa Neurology
Department. Eligible patients from the University of Iowa Neurology Department were also sent invitation letters, and some
participants contacted the research team after they heard about
the study from other sources. Enrollment of participants started
on October 6, 2010, and the last 12-month study visit was completed on December 2, 2013.
Participants were ﬁrst enrolled into a 2-week “run-in”
period to determine who would meet the adherence requirements and thus would be included in the year-long study. During this run-in, participants were asked to follow the study diet
and stretching exercise intervention (see below), and people
who adhered with the diet for 7 consecutive days were enrolled
in the 12-month study. The study design was approved by the
University of Iowa Institutional Review Board (#200911781)
and informed consent was obtained from all participants
according to the Declaration of Helsinki (ClinicalTrials.gov
Identiﬁer: NCT01381354; https://clinicaltrials.gov/ct2/show/
NCT01381354?termDwahls&rankD2).
Inclusion and exclusion criteria
Inclusion criteria included (1) SPMS or PPMS diagnosis (conﬁrmed by a neurologist, clinical presentation, brain and spinal
magnetic resonance imaging, and spinal ﬂuid examination); (2)
18–65 years; and (3) a minimum of mild gait disability. Exclusion criteria included (1) unable to walk 25 feet with or without
an assistive device; (2) no adult companion to assist with the
exercise intervention; (3) change in MS status in the past
3 months; (4) abnormal renal or hepatic functions; (5) current
diagnosis of cancer, psychotic disorder, signiﬁcant cognitive
dysfunction, seizure disorder, heart block or abnormal rhythm,
unstable heart disease, lung disease, and/or diabetes (requiring
medication change in the past 3 months); (6) implanted electronic device; (7) antiplatelet or blood thinner medication; and
(8) vitamin D level > 150 ng/mL (or a vitamin D level >
100 ng/mL combined with a blood calcium abnormal elevation
> 10.2 mg/dL).
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Table 1. Study Diet.a
Food Item

Instructions

Green leafy vegetables

Recommended

Sulfur-rich vegetables

Recommended

Intensely colored fruits or
vegetables
Omega-3 oils
Animal protein
Plant protein
Nutritional yeast
Milks (soy, almond, peanut,
rice, coconut)
Kelp

Recommended

Algae (spirulina/chlorella/
klamath blue green)
Gluten-free grains/starchy
food
Gluten-containing grain
Dairy
Eggs

Encouraged
Encouraged
Encouraged
Encouraged
Encouraged
Encouraged
Encouraged
Allowed

Recommended Daily Intake
3 cups cooked/6 cups raw
(3 servings)
3 cups raw or cooked (3
servings)
3 cups raw or cooked (3
servings)
2 tablespoons
4 ounces or more
4 ounces or more
1 tablespoon
According to participant
choice
1=
4 teaspoon powder or 2
capsules
1=
4 to 1 teaspoon or 4 to 8
capsules
2 servings per week

Excluded
Excluded
Excluded

3

a primary care physician/neurologist if they had suboptimal vitamin D, folate, cobalamin, or homocysteine.
Exercises, EStim, and stress management
Brieﬂy, at the ﬁrst run-in visit, each participant and adult companion were provided with instructions by a team member
(B.B.) for a home-based stretching exercise intervention. After
enrollment into the main study, at visit 2, the following were
added to the intervention: (1) individualized strengthening
exercises of the trunk and lower limb muscles 5 days per week;
(2) EStim (using the electrical therapy device EMPI 300 PV,
DJO Inc., Vista, CA) of the lower limbs and trunk muscles; and
two daily stress management activities: (3) meditation; and (4)
self-massage of the face, feet, and hands. Participants were
asked to complete 10 to 20 exercise repetitions of each muscle
group within 10 minutes of EStim daily, allowing time to perform exercises with stimulation and rest between repetitions,
and to complete a minimum of 20 minutes of meditation and/
or massage daily.

a

If participants were not able to consume 9 total servings daily of the recommended foods, they were asked to consume equal proportions from each
category.
Copyright © 2016. Reprinted with permission from Mary Ann Liebert, Inc. Bisht
et al. [24].

Intervention
The study intervention was described previously [24,25] and
the diet is described in Table 1. This intervention has no serious
side effects and is feasible for people with MS [24,25].
Diet
Participants were taught the study diet by a team member
(T.W.). All participants were required to have at least one adult
companion to support them with implementing and adhering to
the diet. Brieﬂy, individuals were instructed to adopt the modiﬁed
Paleolithic study diet consisting of (1) “recommended” foods
(9 total cups of leafy green vegetables, sulfur-rich vegetables, and/
or deeply colored fruits and vegetables; that is, “vegetables/
fruits”); (2) “encouraged” foods (plant and animal protein, seaweed, nondairy milks); and (3) “excluded” foods (gluten, eggs,
dairy; i.e., “gluten/dairy/eggs”). We recommended that foods be
prepared at home and organic (when possible). The Paleolithic
diet removes foods like grains and dairy that may cause undiagnosed food sensitivity (mediated by immunoglobulin [Ig] A or
IgG antibodies or the innate immune system) and encourages the
consumption of meat, organ meat, vegetables, fruits, nuts, and
seeds. The Paleolithic diet was modiﬁed to provide key nutrients
for brain function [28,29] and have a favorable impact on multiple molecular pathways contributing to MS disease severity
[17,18]. The diet prescribed speciﬁc types of vegetables and fruits
(and to increase the amount daily) and encouraged moderating
meat intake. Participants received recipes and menus to encourage diet adherence. Nutritional supplements were initially provided (Table 1; e.g., green algae) [24,25], but there was high
interindividual variability in their use for the ﬁrst 9 participants,
so the last 11 people did not receive supplements. Instead, participants were supplemented with vitamin D, methyl folate, and
methylcobolamin based on blood levels, and they were referred to

Participant support
Research assistants called participants twice during the 2-week
run-in period to provide support and answer intervention questions. After enrolling in the 12-month main study, research assistants continued to call participants weekly for the ﬁrst 2 months
and thereafter participants were encouraged to call the research
team with any questions. Research assistants were trained to use
motivational interviewing techniques (e.g., open-ended questions
and reﬂective statements) [30] to encourage adherence.
Dosage measures
Participants completed daily home record logs documenting
their food intake, exercises, EStim use, meditation, and selfmassage. These logs were submitted at the study visits and used
to measure intervention dosage for each 3-month assessment
period. Vegetable/fruit intake was obtained by calculating the
mean daily amount of servings that participants consumed of
the recommended foods (green leafy vegetables, sulfur-rich
vegetables, intensely colored fruits or vegetables). Gluten/dairy/
egg consumption (excluded or 2 servings maximum per week
gluten-free/starchy foods) was obtained by calculating the
mean daily amount of servings that participants consumed of
the excluded foods. A participant was considered adherent with
the study diet on a particular day if he or she consumed any
recommended foods and did not consume any excluded food.
Exercise dosage was obtained by calculating the mean length of
time (in minutes) per day that participants completed any exercises. EStim dosage was obtained by calculating the mean
length of time (in minutes) per day that participants applied
EStim. A participant was considered adherent with exercise/
EStim on a particular day if he or she performed any exercise
and/or applied EStim. Stretches (per muscle) were calculated
by adding up the total time per day (in seconds) doing any of
the prescribed stretches and dividing that by the number of
muscles exercised to obtain a mean daily dose of stretching per
muscle. Massage and meditation dosage was obtained by calculating the mean length of time (in minutes) per day that participants completed each activity. Vegetable/fruit and gluten/dairy/
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eggs intake was manually calculated at baseline based on
responses to the Harvard food frequency questionnaire [31,32]
and based on daily food logs at 3, 6, 9, and 12 months (5 times
total). Dosages of the other intervention variables were assessed
at visits 2 through 5 (starting at 3 months) using the daily logs
(4 times total).
Side effects measures
A monthly side effects questionnaire and blood analyses (complete blood count, creatinine, calcium, magnesium, and alanine
aminotransferase, conducted at the Iowa City Veteran’s Affairs
Medical Center) were used to assess potential intervention side
effects. Participants documented: (1) perceived side effects of
nutritional supplements; (2) burns following EStim use; and (3)
rated the following symptoms on a 0 to 3 scale (0 D none, 1 D
mild, 2 D moderate, 3 D severe): palpitations, joint pain, abdominal pain, chest pain, bruising, easy bleeding, diarrhea, constipation, nausea, headache, and skin rash. We also recorded each
participant’s height and weight at each of their 5 study visits to
measure any weight loss due to the intervention.
Outcome measures
Mood
The Beck Anxiety Inventory (BAI) [33] is a 21-item self-report
measure of common anxiety symptoms (e.g., restless) during
the past week. Participants rate the degree to which each symptom bothers them on a 4-point scale from 0 (not at all) to 3
(severely). The BAI has excellent internal consistency (Cronbach’s alpha D 0.92), a 1-week test–retest reliability of 0.75
[34], and good convergent validity (r D 0.58 with the StateTrait Anxiety Inventory) [35].
The Beck Depression Inventory–II (BDI) [36] is a 21-item
self-report measure of depressive symptoms (e.g., hopelessness). Participants rate the degree to which they experience
each symptom on a 4-point scale from 0 (minimal) to 3 (severe)
in the past 2 weeks. The BDI can be reported as one total score
(range 0 to 63) and/or as 2 subscales: (1) Cognitive (8 items: 2,
3, 5, 6, 7, 8, 9, 14; range 0 to 24) and (2) Somatic–Affective (13
items; 1, 4, 10–13, 15–21; range 0 to 39) [37]. The BDI-II has a
1-week reliability of 0.93, an internal consistency of 0.92 (outpatients), and 93% diagnostic accuracy [36].
Cognitive function
The Cognitive Stability Index (CSI; <55 years) and Cognitive
Screening Test (CST; >55 years; Headminder Inc., New York,
NY) are Internet-based cognitive screening tools for healthy, atrisk, and affected populations. There are 4 domains measured by
both the CST (Learning, Recall, Speed, and Accuracy) and the
CSI (Attention, Learning/Memory, Response Speed, and Processing Speed). Daily to 3-month test–retest reliability scores for
the CSI range from 0.68 to 0.80 [38], and the domains are validated against traditional neuropsychological tests [38]. Based on
expertise from a neuropsychologist (M.H.), the CSI/T was
reduced to a smaller number of meaningful variables by collapsing across subscales: (1) Memory (mean of CSI Learning/Memory and CST Learning and Recall subscales); (2) Speed (mean of

CSI Processing Speed and Response Speed subscales and CST
Speed subscale); and (3) Attention (mean of CSI Attention and
CST Accuracy subscales). Standardized scores were used.
The Delis-Kaplan Executive Function System (DKEFS) [39]
is a neuropsychological test of verbal and nonverbal executive
functions and consists of 9 subtests (e.g., Trail Making, Verbal
Fluency) that can be used alone or in combination with other
DKEFS tests. The DKEFS tests are sensitive to the assessment
of executive function deﬁcits in numerous clinical populations,
including MS [40,41]. The DKEFS tests have moderately good
internal consistency coefﬁcients and good test–retest reliability
[39]. For the current study, 2 DKEFS domains were created for
analysis: (1) Language (mean of the scores on the Semantic
Verbal Category and Phonemic Verbal Fluency subscales) and
(2) Complex Verbal Fluency (Switch Verbal Fluency Trial).
Standardized scores were used.
The Wechsler Adult Intelligence Scale (WAIS-III) [42] is a
measure of general cognitive ability. There are 14 subtests, with
4 index scores calculated from 11 of these subtests. In the current study, only the Matrix Reasoning and Similarities subtests
were administered. The Similarities subtest measures verbal
reasoning by asking the examinee to describe how 2 words are
alike (19 word pairs; each pair has a general property pertinent
to both words). The Matrix Reasoning test measures visual reasoning by asking the examinee to look at a picture of geometric
shapes with a section missing and identify the missing piece
from 5 response options (26 items) [42]. The WAIS-III is a reliable measure, with subtest test–retest reliability scores ranging
from 0.70 to 0.93 and an interrater agreement > 0.90 for most
of the subtests [42]. Internal consistencies (Fisher’s z) of the
Similarities and Matrix Reasoning subtests are 0.86 and 0.90,
respectively. Standardized scores were used for analysis.
Full-Scale IQ (FSIQ) was assessed as a potential covariate
using the Wechsler Test of Adult Reading (WTAR) [43], a
measure of premorbid intellectual functioning. The WTAR
includes 50 irregularly spelled words on cards (with atypical
grapheme to phoneme translations) and participants pronounce each one aloud. The total raw score is calculated as the
number of correct pronunciations (maximum score of 50) and
then converted to a standard score that is compared to a “predicted” score. The predicted WTAR is derived from demographic data based on a normative sample and then subtracted
from the obtained WTAR score to assess the difference magnitude. The WTAR has very good convergent validity, with mean
correlations between the WTAR and the WAIS-III Verbal and
Full-Scale IQ of r D 0.75 and 0.73, respectively [43]. The
WTAR has good discriminant and convergent validity in people with Alzheimer’s disease, distinguishing between people
with no or minimal cognitive impairment and mild cognitive
decline [44]. Standard scores were used.
Disability
The Expanded Disability Status Scale (EDSS) [45] is a measure of
physical disability within the MS population and was used as a
potential covariate. A neurologist with MS expertise completed
all EDSS assessments, taking into account patients’ motor function/mobility, neurological exam, and medical history/symptoms
(e.g., fatigue, urinary urgency, ability to perform activities of daily
living). EDSS scores range from 0 (normal) to 10 (death), with
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0.5-point increments representing progressively more impaired
ambulation. Scores between 0.0 and 5.0 indicate full ambulatory
ability and scores greater than 5.5 indicate the loss of ambulatory
ability. The EDSS has an interrater score of 96% (!1.0 difference),
a repeatability coefﬁcient of 0.90, and an intraclass coefﬁcient of
0.99 [46].
Fatigue
The Fatigue Severity Scale-9 (FSS) [47] is a 9-item measure of
fatigue severity and how fatigue affects activities of daily living
the past week. Each statement is rated on a 7-point Likert scale
ranging from 1 (completely disagree) to 7 (completely agree),
with higher scores indicating elevated fatigue. The total score is
a mean of all 7 items (range 1 to 7). The FSS has excellent reliability, with a test–retest intraclass correlation coefﬁcient of
0.91 [48]. The FSS also has internal consistency scores (Cronbach’s alpha) of 0.81 to 0.89 and good convergent and discriminant validity [47]. Researchers suggest that an FSS score of 4
indicates clinically meaningful fatigue [47].
Procedures
Baseline assessments of the mood (BAI, BDI), cognitive (CSI/T,
DKEFS), and executive function (WAIS) outcome measures and
the potential covariates (WTAR, FSS, EDSS) were completed during the run-in period (visit 1). We also recorded diet data (i.e.,
vegetables/fruits, and gluten/dairy/eggs) during the run-in phase
and explained the individualized intervention (diet, exercise,
EStim, and stress management). Participants returned for their
postintervention assessments at 3, 6, 9, and 12 months after the
start of the intervention (visits 2 through 5), at which time their
mood, cognitive function, and intervention dosage (i.e., diet, exercise, EStim, and stress reduction) were assessed using the home
record logs. Thus, all mood, cognitive, and diet variables were
measured 5 times (at baseline and at 3, 6, 9, and 12 months), and
exercise, EStim, and stress reduction dosage were assessed 4 times
(3, 6, 9, and 12 months).

Analyses
No missing data were imputed because <2.0% of the data was
missing and data were not missing at random. An intent-totreat analytical approach was not applicable to this study
because intent-to-treat analyses require randomizing to 2 or
more groups with sufﬁcient sample size for imputation and
robust sensitivity analyses. Descriptive statistics were calculated for every variable at all study visits using frequencies
(percentage), means (§SD), and medians (25th and 75th
interquartile ranges). Outliers were checked for accuracy and
possible data entry errors. Distributions of continuous variables were evaluated for normality by graphical observation
and the Shapiro-Wilk test. Collinearity among variables was
examined using the variance inﬂation factor method. To
determine whether there were associations between categorical
variables at baseline, Fisher’s exact tests for small sample sizes
were used. The BDI can be assigned one total score or using
its 2 subscales (Cognitive and Somatic–Affective) [36]. To
determine whether scores on the subscales differed in the sample, paired samples t tests were used. If the Cognitive and

5

Somatic–Affective scales had signiﬁcantly different means
from another and/or the total score at any visit, they were
reported separately in the results.
To determine whether the a priori selected baseline variables (age, disability, fatigue, and FSIQ; i.e., potential covariates) were signiﬁcantly related to the outcomes, generalized
linear models were used to test univariate associations
between these 4 baseline variables and the outcome measures. If a baseline variable was signiﬁcantly associated with 2
or more outcome measures, it was included in the subsequent models as a covariate. To identify whether any
changes in weight or BMI from the intervention affected the
outcomes, Spearman’s correlation coefﬁcients were used to
measure associations among changes from baseline to
12 months in the 7 mood and cognitive measures, and
change in (1) BMI (%) or weight (%).
Patterns of change from baseline to 3, 6, 9, and
12 months were examined with graphical representations of
the data by plotting the means of the mood and cognitive
outcome measures and 7 dosage variables against each
study visit time point (i.e., 4 or 5 study visits, depending on
the variable). Change in the mood and cognitive outcome
measures was assessed in 2 ways: (1) To assess change over
time for each outcome, linear mixed models for repeated
measures were used, with the study visit number variable
included; and (2) to assess the effect of change in intervention dosage (e.g., exercise) over the study period on change
in the outcome measures, the dosage covariates were modeled as ﬁxed effects using 4 study visits for all variables
(except vegetables/fruits and gluten/dairy/eggs, which were
assessed 5 times). The repeated option in these models
included study visit as a categorical variable and participants as a random effect and speciﬁed a heterogeneous
compound-symmetry covariance structure. All models were
assessed for potential signiﬁcant baseline covariates in the
models, but due to the relatively small sample size and lack
of signiﬁcant change in mean outcomes estimates, all ﬁnal
models included either study visit or the dosage covariate.
Mean changes in the outcome measures between visits were
assessed by creating change variables between each study visit
(i.e., p value difference) and overall changes from baseline
across the study visits (i.e., p value over time). The mean differences (p value difference) provided the magnitude and direction of changes and were assessed with t tests or signed rank
tests depending on the normality of the change variable. The
overall change (p value over time) provided information
regarding whether there was a change in the variable over time/
visits. Corrections for multiple comparisons were not used
because this was an exploratory study to examine whether a
multimodal intervention would be associated with changes in
mood and cognition. There is no consensus in the literature
regarding whether and when corrections (e.g., Bonferroni)
should be used for multiplicity [49]. In this study, correcting
for multiple testing could result in too many false negatives
[50], and potential important areas for future research would
be missed. Thus, these ﬁndings will need to be conﬁrmed in
additional, larger studies.
To determine whether any changes in the cognitive scores
were due to practice effects (versus real improvement in
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cognitive functioning), reliable change values were calculated
using the Jacobson and Traux model [51]. First, the standard
error of the measurement was calculated using test–retest reliability to calculate scores for each outcome measure and study
visit. Next, the standard error of difference for each outcome
measure and study visit was calculated. Finally, the reliable
change score was calculated, providing a reliable change value
for each outcome measure and study visit that took into
account potential practice effects [52]. A reliable change value
that increased or decreased by "1.65 indicates that scores on
that measure were due to practice effects [52].
The data analysis was generated using SAS software, Version
9.4, of the SAS System (SAS Institute Inc., Cary, NC). All data
were analyzed using 2-tailed tests, alpha ! 0.10 due to the relatively small sample size to decrease the likelihood of type II error.

Results
Participants
The Consolidated Standards of Reporting Trials diagram is
shown in Fig. 1. Of the 67 people assessed for eligibility, 41

were eligible for participation in the run-in phase, and 26 were
eligible for the main study. Five people were ineligible prior to
the main study (N D 21 to start the main study), and 2 were
excluded thereafter: one had clinically signiﬁcant cognitive
decline by 6 months, and one dropped out for unknown reasons before 3 months, thus only completing the baseline assessments), leaving 19 people in the analyses.
Sample characteristics
Table 2 shows the participants’ demographic and clinical characteristics. The mean age was 51 § 6.5 years and most individuals were female (73.7%), Caucasian (94.7%), and college
educated or higher (63.1%). The mean diagnosis length was
13.6 § 7.5 years and most of the sample had SPMS (89.5%).
The mean disability (EDSS) score was 6.2 § 1.0 out of 10,
meaning a loss of ambulatory ability [45]; fatigue scores (FSS)
had a mean score of 5.5 § 1.3 out of 7, suggesting clinically signiﬁcant fatigue [47]. At baseline, participants’ overall BAI anxiety and BDI depression mean scores were 10.8 § 9.1 and 9.9 §
8.0, respectively. From baseline to 12 months, participants’
mean weight changed from 68.5 § 11.4 kg to 62.5 § 10.1 kg

Figure 1. Assessment and assignment of patients in a multimodal, nonpharmacologic intervention to improve mood and cognitive function in people with multiple
sclerosis.
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Table 2. Participant Demographic and Baseline Clinical Characteristics.
Baseline Characteristic

n

Mean § SD or n (%)

Observed Data Range

Median (25th to 75th Percentile Interquartile Range)

Age
Female
Weight (kg)
BMI
Race
Caucasian
Hispanic
Marital status
Married
Widowed
Education
High school
Some college
4-Year degree
>College
Diagnosis
Secondary progressive MS
Primary progressive MS
Years with MS
Disability (EDSS; possible range 0–10)
Fatigue (FSS; possible range 1–7)
Disease-modifying drugs
Walking aid
Anxiety (BAI; range 0–63)
Depression (BDI; range 0–63)
Total score
Cognitive (range 0–24)
Somatic–Affective (range 0–39)
CSI/T
Learning and Memory (range 50–140)
Speed (range 50–140)
Attention (range 50–140)
DKEFS
Language (range 1–19)
Complex Verbal Fluency (range 1–19)
WAIS-III
Similarities (Verbal Reasoning; range 1–19)
Matrix (Visual Reasoning; range 1–19)
Full-Scale IQ (WTAR; range 50–140)

19
19
19
19
19

51 § 6.5
14 (73.7)
68.5 (11.4)
24.4 (3.0)

37 to 65

52 (47 to 54)

19

19

19
19
19
19
19

46.3 to 83.6
20 to 30

18 (94.7)
1 (5.3)
18 (95)
1 (5)
1 (5.3)
6 (31.6)
4 (21.0)
8 (42.1)
17 (89.5)
2 (10.5)
13.6 § 7.5
6.2 § 1.0
5.5 § 1.3
9 (47.4)
14 (73.7)
10.8 § 9.1

3 to 27
3.5 to 8
3.1 to 7

11 (8 to 20)
6.5 (6 to 6.5)
5.6 (4.4 to 6.7)

1 to 42

9 (6 to 14)

18
18
18

9.9 § 8.0
2.9 § 3.3
6.9 § 5.3

2 to 29
0 to 12
2 to 19

7 (4 to 13)
2 (1 to 4)
5 (3 to 9)

19
19
19

94 § 23.7
89.4 § 24.1
98.6 § 10.4

40 to 122
23 to 115
70 to 117

102 (80.5 to 111)
96.0 (82 to 107)
100 (94 to 105)

18
18

10.0 § 2.9
9.7 § 3.3

3.5 to 14
4.0 to 16

11.0 (8.5 to 12)
11.0 (8 to11)

19
19
19

11.7 § 2.5
12.3 § 2.9
109.4 § 6.5

7 to 17
6 to 17
95 to 118

12 (11 to 13)
13 (10 to 14)
112 (106 to 114)

Note: bold values p ! 0.05. BMI D body mass index, MS D multiple sclerosis, EDSS D Expanded Disability Status Scale, FSS D Fatigue Severity Scale, BAI D Beck Anxiety
Inventory, BDI D Beck Depression Inventory, CSI/T D Cognitive Stability Index/Cognitive Screening Test, DKEFS D Delis-Kaplan Executive Function System, WAIS-III D
Wechsler Adult Intelligence Scale–III, WTAR D Wechsler Test of Adult Reading.

(mean change D 8.4%), and mean BMI changed from 24.4 §
3.0 to 21.9 § 2.1 (mean change D 9.7%).
Intervention dosage
A detailed description of the study intervention doses is
reported elsewhere [24,25]. Brieﬂy, 12-month mean daily diet
adherence scores ranged from 94.5 to 98% of days, and exercises/EStim adherence ranged from 78.8 to 82.8% of days.
Home record logs were completed on 96% of days.
Figs. 2a and 2b show the pattern of change in the diet and
exercise/EStim dosage variables over the 12-month study
(mean scores in Supplemental Table 2). Participants appeared
to change their diets substantially following the start of the
intervention. From baseline to 12 months, gluten consumption
decreased signiﬁcantly (p < 0.0001; Fig. 2a), and vegetable/fruit
intake increased signiﬁcantly (p < 0.0001; Fig. 2a). From 3 to
12 months (exercise and EStim were not measured until the 3month visit), we saw signiﬁcant increases in exercise (p D 0.02)
and EStim dosage (p D 0.10; Fig. 2b). Stretching, massage, and
meditation dosage were not signiﬁcantly different between 3
and 12 months (all ps > 0.50; data not shown in ﬁgures).

Because the majority of signiﬁcant changes in the outcome
measures occurred during the ﬁrst 3 months (baseline/visit 1 and
visit 2), between 3 and 12 months (visits 2 and 5), and over the
entire study period (between baseline and visit 5), the subsequent
analyses are limited to examining study-related changes between
(1) baseline and 3 months; (2) 3 and 12 months; and (3) baseline
and 12 months (fruits/vegetables and gluten/eggs/dairy only dosage variables assessed at baseline/visit 1). This also allowed us to
limit the number of analyses, particularly given the small sample
size in the current pilot study.
Side effects
No serious side effects were reported. The following side effects
(number of participants) were perceived as being due to the intake
of nutritional supplements by the ﬁrst 9 participants (note that one
of these 9 participants was excluded from the data analyses due to
withdrawing prior to 3 months): bloating (1), nausea (3), stomach
upset (1), diarrhea (2), constipation (1), intestinal problem (1), irritability (1), fatigue (1), headache (1), and ﬂushing with rash (1).
These symptoms were resolved by reducing/eliminating nutritional
supplements that were suspected to be the cause. Overall, during
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Figure 2a. Mean (SD) daily servings of the study diet’s recommended (vegetables/fruits) and excluded (gluten/dairy/eggs) foods calculated from food frequency questionnaire (baseline) and daily food logs (3, 6, 9, 12 months). zp < 0.0001 difference from baseline to 12 months.

the 12-month intervention, participants reported these symptoms
(number of participants) as “mild” in intensity: joint pain (6),
abdominal pain (4), chest pain (2), bruising (6), easy bleeding (3),
diarrhea (5), constipation (11), nausea (6), headache (11), palpitations (1), and skin rash (2). These side effects were rated as “moderate” intensity: joint pain (3), abdominal pain (2), chest pain (3),
bruising (3), diarrhea (3), constipation (5), nausea (6), and headache (1). Severe constipation and diarrhea were reported by one
participant. It was not clear whether these symptoms were due to
the intervention or associated with the participant’s disease because
we did not assess symptom frequency at baseline. Following EStim,
2 participants reported skin burn one time, 2 participants reported
skin burn twice, and one participant reported skin burn 3 times.
However, none of the participants called the study physical therapist to discuss skin burns and no abnormal changes in skin were
observed during study visits. Thus, the burns were presumably
minor. No participants discontinued any component of the intervention due to side effects. All safety blood biomarkers remained
within normal limits during the study period, except in 3

participants whose alanine aminotransferase levels were higher
than normal at a study visit but decreased to normal limits during
the subsequent visits.
Mood
In paired samples t tests, the mean BDI Cognitive scores were
signiﬁcantly different than the Somatic–Affective scores at all 5
visits (ps D >0.0001 to 0.08), suggesting that they were measuring distinct symptoms in this MS sample. The BDI Total scores
were also signiﬁcantly different from the subscale scores at all 5
visits (ps D >0.0001 to 0.02). Thus, all subsequent analyses
examined the BDI Total score and the Cognitive and Somatic–
Affective subscales separately.
Figure 3 shows the patterns of change in the BAI and BDI
mood variables over the 12-month intervention (mean scores
presented in Supplemental Table 1), and Table 3 shows the
mean differences between visits (i.e., p value difference), and
across the study (i.e., repeated measures, p value over time).

Figure 2b. Mean (SD) daily minutes of exercise and EStim. !!p < 0.05; !p ! 0.10 difference from 3 to 12 months.
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Figure 3. Mean scores on the mood measures at each study visit. The p value is over time and included the entire study period. It was generated from a repeated measures mixed model that included all study visits for that variable (2 to 5 study visits) as the outcome and visit number as a covariate (i.e., tests whether there is change in
the variable from baseline to 12 months). !!p < 0.05 difference from baseline to 12 months; ns D not signiﬁcant.

With the exception of the BDI Cognitive subscale, individuals
self-reported improvements in mood during the course of the
intervention, particularly within the ﬁrst 3 months. From baseline to 3 months (p value over time and p value difference),
there were signiﬁcant decreases (i.e., improvements) in all 4
BAI and BDI mood outcomes (ps D 0.002 to 0.05). Overall,
BAI anxiety mean scores decreased 4.4 § 8.7, and total BDI
depression scores decreased by 3.9 § 5.5 in the ﬁrst 3 months.
None of the mood scores changed signiﬁcantly (p value over
time or p value difference) between 3 to 12 months (ps D 0.40
to 0.99). In the repeated measures mixed model (p value time),
the BAI, BDI Total, and BDI Somatic–Affective scores
decreased signiﬁcantly (i.e., improved) from baseline to
12 months (all ps D 0.04), but the BDI Cognitive scores did not
change (p D 0.29; Table 3). Similarly, p value difference scores

showed that BAI, BDI Total, and BDI Somatic–Affective variable scored differed signiﬁcantly from baseline (ps D 0.02 to
0.03), but BDI Cognitive did not (p D 0.13).
Cognition
Figures 4 and 5 show the patterns of change in the CSI/T,
DKEFS, and WAIS cognitive variables over the 12-month
intervention (mean scores presented in Supplemental Table
1), and Table 3 shows the mean differences between visits
(i.e., p value difference) and across the study (i.e., repeated
measures, p value over time). In general, the cognitive scores
did not improve from baseline to 3 months of the intervention, but the majority of the mean scores improved from baseline to 12 months (p value difference ranged from 0.0001 to

Table 3. Mean Changes (SD) in the Mood and Cognitive Scores over the Study Period.a
Mood Variables
BDI

BAI
Variable
Baseline to
3 months
p Value over time
p Value difference
3 to 12 months
p Value over time
p Value difference
Baseline to
12 months
p Value over time
p Value difference

Cognitive Variables
CSI/T

WAIS

Speed

Attention

Switch
Similarities
Matrix
(Complex
(Verbal
(Visual
Language Verbal Fluency) Reasoning) Reasoning)

2.2 § 19.6

3.1 § 14.6

0.6 § 1.7

0.1 § 2.9

1.5 § 2.3

0.4 § 2.6

0.03
0.006
0.04
0.009
0.12
0.62
0.80
0.007
0.002
0.05
0.003
0.13
0.35
0.42
¡0.5 § 5.9 ¡0.5 § 4.7 ¡0.1 § 1.7 ¡0.4 § 3.7 3.9 § 12.1 ¡4.1 § 19.0 3.1 § 9.3
0.60
0.97
0.94
0.99
0.13
0.32
0.43
0.41
0.66
0.79
0.66
0.17
0.34
0.21
¡4.9 § 7.9 ¡3.3 § 5.4 ¡0.7 § 1.8 ¡2.6 § 4.0 7.7 § 13.7 ¡1.9 § 19.1 5.0 § 10.0

0.12
0.14
1.0 § 1.7
0.002
0.02
1.6 § 2.0

0.89
0.87
1.9 § 3.9
0.002
0.05
2.1 § 3.5

0.01
0.01
1.1 § 2.1
0.02
0.04
2.6 § 2.3

0.53
0.28
1.7 § 2.1
0.003
0.002
2.1 § 2.6

<0.0001
0.003

<0.0001
0.02

<0.0001
0.0001

0.0001
0.002

Anxiety (0 Total (0 to
to 63)
63)

Somatic–
Cognitive Affective (0 Learning/
(0 to 24)
to 39)
Memory

DKEFS

¡4.4 § 8.7 ¡3.9 § 5.5 ¡0.9 § 1.9 ¡3.0 § 4.4 3.8 § 10.4

0.04
0.02

0.04
0.02

0.29
0.13

0.04
0.03

0.003
0.02

0.50
0.67

0.11
0.05

Note: bold values p < 0.10. BAI D Beck Anxiety Inventory, BDI D Beck Depression Inventory, CSI/T D Cognitive Stability Index/Cognitive Screening Test, DKEFS D DelisKaplan Executive Function System, WAIS D Wechsler Adult Intelligence Scale.
a
p Value over time was generated from a repeated measures mixed model that includes from 2 to 5 observations (2 to 5 study visits) as the outcome and visit number as a
covariate (i.e., tests whether there is change in the variable over time/visits). p Value difference shows the direction and magnitude of change from baseline to 3 months
(3-month value minus baseline value), 3 months to 12 months (12-month value minus 3-month value), and baseline to 12 months (12-month value minus baseline
value). The p value for difference was generated from a t test for normal distribution or a signed-rank test for nonnormal distributions (i.e., test whether the changes are
statistically signiﬁcant).
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Figure 4. Mean scores on the Cognitive Stability Index/Cognitive Screening Test (CSI/CST) subscales at each study visit. The p value reported here is over time and
included the entire study period. It was generated from a repeated measures mixed model that included all study visits for that variable (2 to 5 study visits) as the outcome and visit number as a covariate (i.e., tests whether there is change in the variable from baseline to 12 months). !!!p < 0.01 difference from baseline to 12 months;
!!
p ! 0.05 difference from baseline to 12 months; ns D not signiﬁcant.

0.05), with the exception of CSI/T Speed (p value difference D
0.67). The only cognitive score that improved signiﬁcantly
from baseline to 3 months was WAIS Similarities (ps over
time and difference D 0.01). From 3 to 12 months, there were
signiﬁcant improvements in 3 of the 8 cognitive scale scores
in the repeated measures and mean differences analyses:
DKEFS Language (ps D 0.002 to 0.02), DKEFS Switch (ps D
0.002 to 0.05), WAIS Similarities (ps from 0.02 to 0.04), and
WAIS Matrix Reasoning (ps from 0.002 to 0.003). In the
repeated measures mixed model (p value time), there were signiﬁcant increases (i.e., improvements) from baseline to
12 months in the CSI/T Memory/Learning (ps D 0.003) score
but not the Attention (p D 0.11) or Speed scores (p D 0.50).
CSI/T p value mean difference scores showed that Learning/
Memory (p D 0.02) and Attention (p D 0.05) differed from

baseline, but Speed again did not (p D 0.67). From baseline to
12 months, in both the p value time repeated measures and p
value difference analyses, all 4 of the DKEFS and WAIS scores
improved signiﬁcantly (ps D <0.0001 to 0.02). The reliable
change analysis (to determine whether cognitive score changes
were due to practice effects) indicated no practice effects (i.e.,
there were no values that increased or decreased by "1.65;
thus changes were not due to practice effects) [52].
Associations among baseline characteristics and the
outcome measures
To determine whether any baseline characteristics were related
to outcome measure changes (and thus to include as a potential
control variables in the analyses), Table 4 shows associations

Figure 5. Mean scores on the DKEFS and WAIS subscales at each study visit. The p value reported here is over time and included the entire study period. It was generated
from a repeated measures mixed model that included all study visits for that variable (2 to 5 study visits) as the outcome and visit number as a covariate (i.e., tests
whether there is change in the variable from baseline to 12 months). zp < 0.0001 difference from baseline to 12 months in all 4 DKEFS and WAIS variables.
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Table 4. p Values for Associations among Potential Covariates at Baseline and Changes (Baseline to 12 Months) in Mood and Cognitive Function.
Mood

Cognitive Function
BDI

Variable

BAI
Anxiety

Total

Age
0.66
0.74
Disability (EDSS)
0.09
0.07
FSIQ (WTAR)
0.02
0.05
Baseline fatigue (FSS)
0.79
0.12
Fatigue baseline to
0.10
0.003
3 months
Fatigue 3 to 12 months 0.0002 <0.0001
Fatigue baseline to
<0.0001 <0.0001
12 months

CSI/T

Somatic–
Cognitive Affective
0.73
0.22
0.02
0.53
0.04
0.004
0.0004

DKEFS

WAIS

Memory/
Switch (Complex Similarities (Verbal Matrix (Visual
Learning Speed Attention Language Verbal Fluency)
Reasoning)
Reasoning)

0.39
0.06
0.09
0.03
0.003

0.005
0.30
0.03
0.30
0.28

0.09
0.007
0.01
0.34
0.19

0.06
0.45
0.90
0.06
0.50

<0.0001
<0.0001

0.06
0.03

0.15
0.41

0.0002
0.0002

0.17
0.27
0.008
0.98
0.09

0.52
0.03
0.25
0.91
0.75

0.40
0.97
0.04
0.09
0.002

0.51
0.14
0.008
0.31
0.13

0.02
<0.0001

0.01
0.001

0.16
<0.0001

0.22
0.02

Note: bold values p < 0.10. BAI D Beck Anxiety Inventory, BDI D Beck Depression Inventory, CSI/T D Cognitive Stability Index/Cognitive Screening Test, DKEFS D DelisKaplan Executive Function System, WAIS D Wechsler Adult Intelligence Scale, EDSS D Expanded Disability Status Scale, FSIQ D Full-Scale IQ, WTAR D Wechsler Test of
Adult Reading, FSS D Fatigue Severity Scale.

among changes in the outcomes over time (from baseline to
12 months; i.e., 5 study visits) and the a priori selected possible
baseline covariates: age, disability (EDSS), Full-Scale IQ
(WTAR), and fatigue (FSS). Each of the baseline covariates was
signiﬁcantly associated with 2 or more outcome variables, so
we included all 4 potential covariates in the intervention dosage
and outcome measure models. We also analyzed associations
among changes in fatigue and the outcome measures (Table 4)
due to prior results indicating signiﬁcant fatigue changes during this intervention [24,25]. From baseline to 3 months,
fatigue change was signiﬁcantly associated with 3 of the 4
mood variables (ps 0.003 to 0.04) and only 2 of the 7 cognitive
variables (ps D 0.002 to 0.09). From 3 to 12 months, fatigue
change was associated with all of the mood variables (ps <
0.0001 to 0.004) and 4 of the 7 cognitive variables (ps D 0.0002
to 0.06). Finally, fatigue changes from baseline to 12 months
were signiﬁcantly associated with all of the outcomes measures
(ps < 0.0001 to 0.03) except CSI/T Speed (p D 0.41), suggesting
that as fatigue decreased, the mood and cognitive outcome
measures improved. Thus, associations among fatigue changes
and mood and cognitive scores were more common during the
last 9 months of the study. Finally, we analyzed associations
between baseline to 12-month changes in weight (%), BMI (%),
and the outcomes measures (data not shown). There were no
signiﬁcant correlations between weight or BMI and the mood
(ps D 0.43 to 0.84) or cognitive outcome (ps D 0.22 to 0.98)
measures.
Associations among intervention dosage and the outcome
measures
Table 5 shows the baseline to 3-month associations (unadjusted
models) among the 3-month dosage scores and changes in the
mood and cognition variables between baseline and 3 months
(between visits 1 and 2). In general, higher participation (dosage)
in the study intervention led to greater improvements in the
self-reported mood and cognitive outcomes. At 3 months, there
were 7 signiﬁcant associations (of a potential 77) observed
between dosage changes in the outcome variables exercise and
DKEFS Complex Verbal Fluency (p D 0.05); EStim and CSI/T
Speed (p D 0.02); stretches and DKEFS Language (p D 0.03);

massage and BAI Anxiety (p D 0.08); and meditation and BDI
Cognitive (p D 0.08), CSI/T Speed (p D 0.07), and DKEFS Complex Verbal Fluency (p D 0.08). Thus, meditation was related to
the most outcome measures after 3 months of the intervention.
Also in Table 5 are associations among 3- to 12-month changes
in dosage and the outcome measures (all values are 12-month
minus 3-month values). The number of signiﬁcant associations
doubled from the 3-month visit (visit 2), with 17 of the 77 possible associations now signiﬁcant when comparing changes from
visit 2 to visit 5. Three- to 12-month exercise dosage changes
were associated with the most outcome measure changes (4 of
11 possible), including BAI Anxiety (p D 0.02), BDI Cognitive
(p D 0.03), CSI/T Attention (p D 0.03), and WAIS Similarities
(p D 0.06). Gluten/dairy/eggs and meditation dosage changes
were each signiﬁcantly associated with 3 outcome measure
changes from 3 to 12 months. Of the 7 outcome measures,
change in CSI/T Attention scores was associated with the most
dosage change scores (4 of 7 possible; ps D 0.002 to 0.03). From
baseline to 12 months, changes in intake of the study diet were
signiﬁcantly associated with 18 of the 22 possible outcome measure changes (ps D < 0.0001 to 0.06; only diet was assessed at
visit 1/baseline), suggesting that diet was an important contributor to improvements in mood and cognitive function in this MS
sample. Speciﬁcally, 7 of the 8 mood variables were related to
study diet intake (ps D <0.0001 to 0.06), and 11 of the 14 cognitive–diet dosage associations were signiﬁcant (ps < 0.0001 to
0.06). Only CSI/T Speed was not related to diet over the 12month study period.
We also examined the data to identify which outcome
measures changed more in response to the intervention
over the course of the entire 12-month intervention
(Table 5; from the ﬁrst assessment to 12 months; i.e., 3 to
12 months for exercise/EStim/stress management and baseline to 12 months for the study diet). Interestingly, 7 out of
8 possible mood–study diet associations were signiﬁcant (ps
D <0.0001 to 0.06), whereas only 3/20 mood–exercise/
EStim/stress management associations were signiﬁcant (ps
D 0.02 to 0.09). Similarly, 12-month improvements in cognitive function were more associated with the study diet
intake than the home exercise/EStim/stress management
activities: 11 of the 14 cognitive–study diet associations
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Table 5. Associations (p Values) among Changes in Intervention Dosage and Changes in Mood and Cognitive Function (Unadjusted Models).
Mood Changes

Cognitive Function Changes

BDI
Variable

BAI
Anxiety

CSI/T

Somatic–
Total Cognitive Affective

DKEFS

WAIS

Memory/
Switch (Complex Similarities (Verbal Matrix (Visual
Learning Speed Attention Language Verbal Fluency)
Reasoning)
Reasoning)

Vegetables/fruits
Gluten/dairy/eggs
Exercise
EStim
Stretches
Massage
Meditation

0.62
0.97
0.61
0.84
0.74
0.08
0.62

0.29
0.51
0.93
0.95
0.45
0.26
0.11

0.87
0.22
0.78
0.87
0.31
0.26
0.08

0.16
0.75
0.90
0.99
0.60
0.36
0.20

Baseline to 3 monthsa
0.70
0.92
0.50
0.48
0.75
0.41
0.58
0.96
0.52
0.87
0.02
0.36
0.54
0.46
0.33
0.49
0.93
0.64
0.57
0.07
0.66

0.35
0.18
0.21
0.67
0.03
0.92
0.56

0.92
0.93
0.05
0.42
0.92
0.34
0.08

0.43
0.17
0.29
0.62
0.66
0.93
0.49

0.91
0.73
0.20
0.42
0.65
0.49
0.95

Vegetables/fruits
Gluten/dairy/eggs
Exercise
EStim
Stretches
Massage
Meditation

0.89
0.78
0.02
0.13
0.54
0.90
>0.99

0.53
0.05
0.47
0.83
0.93
0.39
0.38

0.58
0.36
0.03
0.83
0.13
0.09
>0.99

0.21
0.03
0.85
0.76
0.48
0.86
0.23

3 to 12 Monthsb
0.23
0.76
0.54
0.94
0.34
0.46
0.78
0.74
0.03
0.11
0.86
0.53
0.59
0.33
0.002
0.33
0.62
0.03
0.73
0.14
0.007

0.89
0.19
0.31
0.70
0.16
0.40
0.46

0.61
0.22
0.79
0.03
0.11
0.14
0.004

0.006
0.88
0.06
0.09
0.17
0.56
0.33

0.10
0.002
0.96
0.17
0.41
0.73
0.08

<0.0001
0.001

Baseline to 12 monthsc
0.006
0.74
0.04
0.001
0.63
0.21

0.005
0.001

0.01
0.06

<0.0001
0.005

0.003
0.001

Vegetables/fruits
Gluten/dairy/eggs

0.008 0.0001
0.001 0.001

0.12
0.06

Note: bold values p ! 0.10. BAI D Beck Anxiety Inventory, BDI D Beck Depression Inventory, CSI/T D Cognitive Stability Index/Cognitive Screening Test, DKEFS D DelisKaplan Executive Function System, WAIS D Wechsler Adult Intelligence Scale, EStim D neuromuscular electrical stimulation.
a
Baseline to 3-month values represent changes from baseline to 3 months in the outcome measures (visit 2 minus visit 1) and a single mean 3-month value for each of the
dosage variables (because most dosage variables were not assessed at baseline but at 3 months).
b
Three- to 12-month values represent changes over time when analyzing 4 time points (visits 2, 3, 4, and 5).
c
Vegetables/fruits and gluten/dairy/eggs are the only dosage data collected 5 times; thus, baseline to 12-month data represent changes over time in dosage to the vegetables/fruits and gluten/dairy/eggs prescriptions when analyzing 5 time points (visits 1, 2, 3, 4, and 5); all other dosage variables were ﬁrst assessed at 3 months (visit 2).
Vegetables/fruits and gluten/dairy/eggs calculated from food frequency questionnaire (baseline) and daily food logs (3 and 12 months).

were signiﬁcant (ps < 0.0001 to 0.06), whereas 9 of the 35
cognitive–exercise/EStim/stress management associations
were signiﬁcant (ps < 0.002 to 0.09). Thus, the majority of
the improvements in the mood and cognitive outcome
measures were related to the study diet (increased vegetables/fruits and decreased gluten/dairy/eggs).
To examine the unique effects of fatigue on the outcome
variable–dosage associations, Table 6 shows p values among
changes in dosage and mood and cognitive function, controlling for baseline FSS scores (baseline covariate). When controlling for fatigue, the diet–mood signiﬁcant associations decrease
from 7 out of 8 to 2 out of 8; for exercise/EStim/stress management and mood, the number of signiﬁcant associations
changed from 3 out of 20 to 4 out of 20. Regarding cognitive
function, the number of signiﬁcant associations for diet
changed from 11 out of 14 to 5 out of 14, and for exercise/
EStim/stress management from 9 out of 35 to 8 out of 35.
Thus, fatigue contributed to the association between intake of
the study diet and improvements in mood and cognitive function, suggesting that it is an important factor in this relationship. As for exercise/EStim/stress management, fatigue appears
not to play as much of a role in its relationship with mood and
cognitive changes because the estimates of results generally did
not change when controlling for baseline fatigue.
To determine whether the additional potential baseline covariates contributed to the intervention and outcome measure
changes, additional analyses controlled for age, baseline disability (EDSS), and FSIQ (WTAR) in 3 separate models. Results

(data not shown) indicated that these 3 variables did not change
the model results, suggesting that they were not unique contributors to the ﬁndings. We also included time (visit number) in
the models and adding time to the models did not increase the
effects of the intervention components on the outcomes.

Discussion
These results support the efﬁcacy and effectiveness of a multimodal intervention (exercise, a modiﬁed Paleolithic diet, EStim,
and stress management) for improving mood and cognitive
function in people with progressive MS. Speciﬁcally, the more
individuals participated in the intervention activities, the
greater improvements they had on self-report measures of anxiety (BAI), depression (BDI), cognitive function (CSI/T,
DKEFS), and executive function (WAIS). For the most part, a
higher intake of the modiﬁed Paleolithic diet was more closely
related to mood and cognitive improvements than dosage of
the exercise and stress management components. Whereas
improvements in anxiety and depression were evident after just
a few months (i.e., from baseline to 3 months), signiﬁcant
improvements in cognitive function were generally not
observed until later (between 3 and 12 months). Thus, a modiﬁed Paleolithic diet, exercise, and stress management intervention may produce mood changes relatively quickly, whereas the
beneﬁts for cognition take longer to be observed. Enhanced
mood and cognitive function were related to improvements in
fatigue, suggesting that changes in fatigue translate to beneﬁts
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Table 6. Associations (p Values) among Baseline to 12-Month Intervention Dosage Changes and Changes In Mood and Cognitive Function (Controlling for FSS Scores).a
Mood

Cognitive Function

BDI
Variable
Vegetables/fruits
Gluten/dairy/eggs
Exercise
EStim
Stretches
Massage
Meditation

BAI
Anxiety

Total

Cognitive

Somatic–
Affective

Memory/
Learning

0.24
0.08
0.03
0.22
0.75
0.74
0.97

0.27
0.45
0.54
0.33
0.93
0.29
0.38

0.88
0.57
0.02
0.56
0.03
0.09
0.79

0.07
0.32
0.67
0.26
0.36
0.72
0.15

0.07
0.007
0.98
0.17
0.69
0.43
0.69

CSI/T

DKEFS

Speed Attention Language

Complex Verbal Similarities (Verbal
Fluency
Reasoning)

0.92
0.87
0.84
0.99
0.64
0.46
0.10

0.73
0.80
0.19
>0.99
0.03
0.03
0.04

0.42
0.08
0.21
0.09
0.12
0.36
0.69

0.61
0.84
0.59
0.05
0.44
0.16
0.007

WAIS

0.11
0.84
0.11
0.13
0.29
0.49
0.34

Matrix (Visual
Reasoning)
0.03
0.007
0.80
0.20
0.29
0.70
0.09

Note: bold values p ! 0.10. FSS D Fatigue Severity Scale, BAI D Beck Anxiety Inventory, BDI D Beck Depression Inventory, CSI/T D Cognitive Stability Index/Cognitive
Screening Test, DKEFS D Delis-Kaplan Executive Function System, WAIS D Wechsler Adult Intelligence Scale, EStim D neuromuscular electrical stimulation.
a
Changes in vegetables/fruits and gluten/dairy/eggs are from baseline (visit 1) to 12 months (visit 5); all other dosage variable changes are from 3 (visit 2) to 12 months
(visit 5) because they were ﬁrst assessed at 3 months (visit 2). Vegetables/fruits and gluten/dairy/eggs calculated from food frequency questionnaire (baseline) and daily
food logs (3 and 12 months).

in other areas of function. Altogether, these ﬁndings suggest
that this multimodal approach may beneﬁt other people with
progressive MS. Larger, randomized control trials are needed
to determine whether these results can be replicated in a larger
group, particularly when compared to individuals not partaking
in the intervention.
Diet
In the ﬁrst 3 months of the intervention, participants drastically
increased their intake of the recommended vegetables and fruits
and all but eliminated their intake of gluten, dairy, and egg
products. Many participants reported verbally that once they
developed a daily dietary routine, the diet was not difﬁcult to
follow, and the reduction in fatigue motivated them to continue
with the diet. Indeed, study diet intake was impressive, with
participants adhering to the food guidelines 94.5 to 98% of
days during the 12-month intervention. The nutritional
approaches for MS are varied and may include reducing saturated fat in combination with omega-3 fat supplements [53,54],
the use of dietary supplements (e.g., vitamin D, ﬁsh oil, lipoic
acid), and/or eliminating allergens (e.g., gluten). Despite decades of nutritional recommendations for people with MS, their
efﬁcacy and safety are not well understood and there are surprisingly few nutrition and MS clinical trials. In a 2012
Cochrane Review [55], the majority were poor in quality and/or
did not have clear results. All 6 of the 923 papers that met
inclusion criteria in the Review examined PUFA diets (no studies on vitamins, antioxidants, or other dietary interventions
met criteria), and the data were insufﬁcient to assess potential
beneﬁts or harms from PUFA supplementation. In another
Cochrane Review from 2010 [56], a phase I/II trial [57] reported
that 12 months of high-dose vitamin D improved MS outcomes
(i.e., relapse rate, disability, T-cell reactivity and proliferation)
and had no adverse side effects. This was the only one of 12 trials that met inclusion criteria, and it was low-powered with a
high bias risk (not blinded), possibly limiting generalizability.
In another study on vitamins and MS, 6 months of riboﬂavin
supplementation (involved in myelin formation in nerve cells)
did not improve disability scores (EDSS) versus a placebo control [58]. However, vitamin A derivatives (retinoic acids)

decreased inﬂammatory T-helper cell populations and activation in MS patients [59,60]. Sedel et al. found that high-dose
biotin, also involved in myelin production, was associated with
improved outcomes (i.e., changes in visual acuity, visual-evoked
potentials, proton magnetic resonance spectroscopy, and homonymous hemianopsia) in a progressive MS pilot study [61].
Thus, evidence on the safety and efﬁcacy of nutritional
approaches for MS is limited despite 33.7 to 52.4% of people
with MS reporting using dietary regimens and supplements
[62].
Diet and mood
In general, higher adherence to the modiﬁed Paleolithic diet led
to greater improvements in mood scores. The beneﬁts of the
diet on mood were evident within 3 months and maintained
their effectiveness through 12 months. In particular, when we
examined changes in mood and diet intake over the entire
study period, all of the mood variables were signiﬁcantly related
to increasing vegetable and fruit intake and decreasing or eliminating consumption of gluten, dairy, and eggs (BDI Cognitive
was the only exception, p D 0.12). Although most of the
mood–diet change associations were not signiﬁcant at
3 months, it is likely that the effects were already taking place,
because we saw signiﬁcant improvements in all of the mood
variables from baseline to 3 months.
This is the ﬁrst known study to investigate a multimodal diet
and lifestyle program for mood in people with MS, and very few
investigated the impact of a unimodal diet or lifestyle intervention
despite a high lifetime prevalence of anxiety or depression in people with MS [5,6]. In one article [63], MS patients who received
zinc sulfate had reduced depression scores compared to the placebo group. In another placebo-controlled randomized controlled
trial (RCT) [64], vitamin A for 12 months signiﬁcantly improved
fatigue and depression due to the modulation of inﬂammatory
conditions. Participants in the current study initially received
supplements (e.g., coenzyme Q10), but high interindividual variation and nonadherence in the ﬁrst 9 participants led to the
remaining people not receiving them [24,25], so the ﬁndings cannot be compared. In a separate pilot study [65], MS patients were
randomized to 6 months of (1) “whole-practice” naturopathic
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plus conventional care; (2) MS education plus conventional care;
or (3) conventional care. There were no group differences in
depression or fatigue but trends (ps D 0.07 to 0.11) toward
improved quality of life (SF36), walking ability, and disability
(EDSS) in the naturopathic group; the education group had a
trend toward improved attention (Stroop test). However, the
small sample size (n D 15 per group) limits generalizability of the
results. Moreover, the majority of their naturopathic group followed a moderately simple diet (they chose from increasingly limited diet options), which involved a less restrictive approach than
the current study and was shorter in duration. In the current
study, participants received precise instructions for which foods
to eat and how much, foods to avoid, and menu ideas, and higher
intake of this diet was positively associated with improvements in
mood. Thus, a more restrictive diet for a longer duration might
be critical to seeing long-lasting mood effects in people with MS.
Despite very few studies on mood and dietary interventions
for people with MS, there are investigations on nutrition and
mood in healthy and other medical populations. Diets rich in
fruits, vegetables, ﬁsh, olive oil, nuts, and legumes are protective
against depression [66,67], whereas processed food and highsugar diets increase the risk of depression [66,68]. In a recent
review of RCTs examining diets for depression and anxiety
[69], 17 of 1274 studies met eligibility criteria, and in half (8/
17), depression scores improved signiﬁcantly more for the
treatment than the control group; only 20% reported signiﬁcant
anxiety improvements (2/10; not all assessed anxiety). This
RCT included a heterogeneous set of dietary interventions,
ranging from individualized nutritional education to group sessions but, in general, the most mood beneﬁts came from
including an individualized diet education by a registered dietician. Thus, prior studies and the present investigation provide
preliminary evidence of the efﬁcacy of improved nutrition for
improving mood, including people with MS.

Diet and cognitive function
Increased intake of the modiﬁed Paleolithic diet led to signiﬁcant improvements in memory/learning, attention, language,
complex verbal ﬂuency, and verbal and visual reasoning but
not cognitive processing/response speed. The effects of diet
intake on cognitive function were not observed at 3 months,
but by 12 months, study diet intake was signiﬁcantly associated
with improvements in almost all of the cognitive measures.
Along these lines, though very few changes in the cognitive outcomes were signiﬁcantly different from baseline to 3 months
(only WAIS Similarities improved), by 12 months, the majority
of cognitive scores improved signiﬁcantly from baseline. This is
the only study we are aware of that examined the effects of a
modiﬁed Paleolithic diet on cognitive function in people with
progressive MS, but there are data to show the beneﬁts that diet
has on cognitive function in general. Diets with more dark and
leafy greens, fruit, and ﬁsh, and less red meats, dairy, and transfats are beneﬁcial for overall cognitive health [29], whereas
higher trans-fat diets are related to lower cognitive performance
[29]. Indeed, the Mediterranean diet (i.e., fruits, vegetables, ﬁsh,
whole grains, healthy fats) is protective against cognitive

decline, potentially due to an association between the nutritional components and brain physiology [70]. Because the
modiﬁed Paleolithic diet stressed 9 cups of vegetables and fruit
per day, it has some shared attributes (increased vegetables and
fruits and low glycemic content) with the Mediterranean diet.

Exercise
Despite prior recommendations that people with MS limit
activity due to fatigue and pain, exercise and physical activity
are now promising intervention strategies for managing the
physical symptoms of MS [71]. A meta-analysis reported that
exercise training improved quality of life and fatigue, particularly aerobic exercise 90C minutes per week [20]. A Cochrane
Review [22] and systematic reviews concluded that exercise
therapy was related to improvements in cardiorespiratory function, quality of life, muscle strength, body composition, ﬁtness,
disability, fatigue, and mood [20–22]. Indeed, prior studies also
found that the current multimodal intervention signiﬁcantly
improved quality of life and fatigue in people with MS [24,25].
Though not as commonly studied as the physical symptoms of
MS, psychological symptoms (e.g., anxiety, depression) also
respond positively to exercise in people with MS [72,73], and
these changes may last longer than the physical beneﬁts [74].
Despite prior studies examining an exercise intervention for
the physical and psychological symptoms of MS, this is the ﬁrst
to examine the effects of a long-term, multimodal intervention
including diet, exercise, Estim, and stress management.

Exercise and mood
Increased exercise dosage was related to signiﬁcant improvements in BAI Anxiety and BDI Depression (Cognitive) scores
(but not BDI Total or Somatic–Affective scores). EStim and
muscle stretches were not related to any mood changes. In a
similar study by Swank and colleagues [75], the BDI Total and
Cognitive scores did not change after their 8-week aerobic exercise intervention, but BDI “Somato–Affective” scores improved
signiﬁcantly, with beneﬁts lasting 3 months. In the present
study, exercise was not related to BDI Total scores, and the
opposite of what Swank et al. reported was found for the subscales (exercise dosage was associated with the BDI Cognitive
but not Somatic–Affective scores). This discrepancy may be
due to methodological differences, with the current intervention lasting one year, including EStim and stress management,
and a larger sample size (9 vs 19 participants). That said, both
studies provide promising results for people with MS. Garrett
et al. [76] also reported longer-term positive effects of exercise
on mood, with a 10-week MS exercise intervention leading to
signiﬁcantly improved psychological symptoms (MSIS-29v2),
even after 3 months. Similarly, recent MS studies reported that
physical activity/exercise was related to decreased depression
and anxiety symptoms [72,77]; relaxation training (yoga) also
improved depression and anxiety scores [77]. This emerging
research collectively provides evidence supporting the use of
exercise or physical activity, as well as stress management (e.g.,
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meditation, relaxation), for improving mood among individuals diagnosed with MS.
Exercise and cognitive function
Increased dosage of the exercise/EStim/stress management
intervention led to more changes in cognitive function than
mood, with Speed (CSI/T) the only exception. Attention
showed the greatest improvement in relation to exercise dosage:
CSI/T Attention change scores were signiﬁcantly associated
with increased participation in exercises, stretches, meditation,
and massage. Thus, attention appears to respond well to exercise and stress management activities and may beneﬁt the most
from future multimodal interventions. Previous MS research
found that physical activity was positively associated with cognitive processing speed (e.g., Paced Auditory Serial Addition
Test) but not learning and memory (e.g., Selective Reminding
Test) [78]. This is different from the current study, which
found that Learning/Memory was related to EStim and Speed
was not related to exercise, but there are 2 main differences
between studies. First, the current study’s CSI/T Speed score
was a combined measure of response and processing speed, so
it is possible that response speed is not related to exercise,
whereas processing speed is. Further, this study included EStim
and the comparison study did not, so we cannot compare the
EStim outcomes. Swank et al. [75] did not ﬁnd improvements
in working memory or verbal learning cognitive domains after
an 8-week aerobic exercise intervention, but as they indicated,
the short duration of their intervention (8 weeks) may not be
sufﬁcient for cognitive changes. The present study’s authors
agree with this, because most of the cognitive improvements
observed with increased exercise dosage were not signiﬁcant
until 3 to 12 months after the start of the current intervention.
Indeed, Baker et al. [79] reported that cognitive function
improvements in people with mild impairment were not evident until after 6 months of an exercise intervention (no effects
at 3 months), and Colcombe and Kramer [80] indicated that
6 months of exercise is necessary for cognitive improvements
in older individuals, particularly for executive control processes
(e.g., coordination, inhibition, scheduling, planning, and working memory). Intensity of the aerobic exercise intervention
appears to be an important feature. Moreover, in prior MS
studies, exercise improved more than just cognitive test scores:
Aerobic exercise is associated with improvement in brain activation and less brain matter density declines (both white and
grey) [81]. Collectively, these ﬁndings highlight the positive
effects of exercise on cognitive ability, as well as improved brain
functioning and structure, in patients with MS [78,81].
Fatigue, mood, and cognition
In this study, fatigue improvements were signiﬁcantly related
to changes in mood (on all 4 mood measures). It is unclear
whether decreased fatigue led to improved mood or vice versa
(chicken or the egg). This association might also depend on
the person; for some, improved mood leads to reduced fatigue,
whereas for others mood changes decrease fatigue severity, or
the process may act simultaneously. Although fatigue is one
of the most disabling symptoms of MS, its association with
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other symptoms (e.g., mood) is not well understood, making
the symptoms challenging to treat. That said, research shows
promising steps toward elucidating the link, with fatigue signiﬁcantly correlated with mood disorders in MS patients [82].
Immune dysfunction and psychosocial stressors also relate to
depression in MS [83], and inﬂammatory cytokines appear to
play a role in the development of MS fatigue [84]. Further,
disease processes in MS result in diffuse gamma-aminobutyric
acid-ergic (GABAergic) alteration in neurons, and depression
is linked to GABAergic neurotransmission [85]. In support of
this association, Bakshi et al. [86] reported that MS fatigue
correlated signiﬁcantly with depression, and those common
mechanisms may play a role in the pathogenesis of these
related conditions. The current study found that changes in
fatigue were also signiﬁcantly related to cognitive improvements (on all cognitive measures, except CSI/T Speed) but,
like the mood changes, it is unclear whether improvements in
fatigue led to cognitive changes or vice versa. Adding to the
complexity, the association between mood and cognitive
improvements is unknown. Prior studies reported mixed
results [87], suggesting that moderate or severe depression is
correlated with effortful aspects of cognition but not automatic
information processing [88–90]. In subsequent analyses of the
current study’s data (data not shown), changes over time
(from baseline to 12 months) in the cognitive scores were not
signiﬁcantly associated with changes in BAI anxiety (ps >
0.31) or BDI depression scores (ps > 0.18; with the exception
of CSI/T Attention, p D 0.03). Thus, it appears that there is a
complex interplay among fatigue, mood, and cognitive function in people with MS. Though the associations among these
3 important symptoms are not discernable using the current
study design, they will be important to assess in future studies.
Complexity of the intervention
Multiple interventions were used simultaneously to target different MS symptoms, making it difﬁcult to discern the effects
of a speciﬁc intervention or outcome. No known prior studies
used an exercise, diet, and stress management multimodal
intervention; thus, the improvements we found in MS-related
mood and cognition likely resulted from synergistic effects.
This comprehensive approach, though challenging, might be
needed to receive optimal outcomes. Studies comparing the
individual components to their combined effects would clarify
whether certain components have a greater impact, but given
the progressive nature of the disease, it could be challenging to
enroll participants in a unimodal trial arm. To increase the feasibility of the intervention, (1) participants were required to
have an adult companion to assist and support them and (2)
the run-in phase provided an opportunity to practice the intervention and experience potential challenges. Of the 26 who
enrolled in the run-in phase, 21 enrolled in the main study (i.e.,
19% withdrew or were ineligible), and 2 did not complete the
study. Though one of them became ineligible due to cognitive
decline, the other only completed baseline data before dropping
out for unknown reasons, leaving 19 out of 26 (73%) participants eligible for the main study. Thus, adhering to this complex multimodal intervention may be difﬁcult for some people
with MS, particularly those with more disability. Moreover, the
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prescribed diet may be challenging (e.g., 9 daily cups of fruits/
vegetable, and no gluten, eggs, dairy), time-consuming, and
expensive (we recommended organics), particularly for an
extended period of time. For these reasons, participants needed
an adult companion to support them with adherence and we
provided recipes and menus. Many participants reported that
once they developed a daily dietary routine, the diet was not
difﬁcult to follow, and the reduction in fatigue motivated them
to continue with the diet and increased their ability to complete
everyday tasks such as food preparation, providing evidence for
its feasibility in this sample. That said, these results should be
veriﬁed by other researchers and a follow-up study is needed to
verify the nutritional adequacy of the diet and to assess its feasibility and safety over 2 to 3 years.
Limitations and strengths of the study
This exploratory pilot study has several limitations. First, the
sample size was small, limiting its generalizability and necessitating that the results be interpreted with caution. However, a
small feasibility study was needed to determine whether the
prior case report interventions [23] would (1) be adopted and
well tolerated by others with progressive MS and (2) inﬂuence
mood and cognitive function in a small sample. Second, the
study lacked randomization and a control or placebo group.
Due to the nature of the intervention, a placebo group was not
possible because individuals are active participants and well
educated about each intervention component (unlike taking a
pill). Given the progressive nature of the disease, persons with
MS tend not to agree to participate in a control group, especially for a long period of 12 months. Further, the current sample was SPMS and PPMS patients (most with moderate to
severe disability) who are anticipated to have a steady worsening of disability and gait scores each year [91,92] and would
not be anticipated to experience a spontaneous reduction in
MS symptoms. The current study population instead showed
enhanced mood and cognition; thus, improvements cannot be
solely due to placebo effects or performance bias. Further, the
ﬁrst 9 participants received supplements but the last 10 did not,
so this makes a comparison between supplement and non-supplement participants and the intervention’s statistical signiﬁcance challenging to determine. Finally, we did not measure
the nutritional adequacy of the diet. As part of the study
approval process, the diet’s nutritional adequacy was analyzed
using 3-day food records and nutrient data software, and the
diet had >90% probability of exceeding the recommended daily
allowances for vitamins with recommended daily allowances.
The nutritional adequacy of the study diet is important and
needs to be analyzed and reported (and over a longer study
period) to ensure the long-term safety of this nutritional
approach. In summary, additional, larger studies are needed to
further assess the safety, feasibility, and efﬁcacy of this multimodal intervention for mood and cognitive function in a larger
sample of people with MS and over a longer study period.

Conclusion
The multimodal intervention, consisting of a modiﬁed Paleolithic diet, exercise, EStim, and stress management, improved

mood and cognitive function in people with progressive MS.
Speciﬁcally, the more individuals participated in the intervention, the greater improvements they had on measures of anxiety, depression, and cognitive and executive function. Changes
in the mood and cognitive outcomes were related to changes in
fatigue, suggesting that improvements in fatigue are associated
with mood and cognitive function improvements. These ﬁndings have the potential to improve quality of life and function
for people with progressive forms of MS. Pharmacologic therapies may cause signiﬁcant side effects, be cost-prohibitive, and/
or not beneﬁt a signiﬁcant number of MS patients [65], so this
study offers a novel approach to treating MS-related mood and
cognitive function. This is clinically signiﬁcant because up to
half of MS patients will be diagnosed with anxiety and/or
depression [5,6], which can exacerbate cognitive deﬁcits [7],
highlighting the necessity of including psychological factors in
MS assessment and treatment plans. In summary, a modiﬁed
Paleolithic diet, stress management practices, and exercise
interventions like this one have the potential to improve the
MS disease course by improving the deleterious mood and cognitive symptoms that can lead to considerable suffering in people with MS.

Acknowledgments
We are thankful to Catherine A. Chenard, MS, RD, LD, for analyzing the
food frequency questionnaire data and for Dr. Catherine Swanson, MD,
and student researchers who supported this project during and after data
collection: Danielle Klein, Haley Hamilton, Nicole Grogan, Kaitlin White,
Emily White, John Bolton, Alejandra Gonzalez, Allison Banwort, Alison
Crimson, Danielle Dietz, Emily Bradley, Summer Anderson, Glenda
Mutinda, Carl Sohocki, and Owen Sessions.

Funding
We thank Direct-MS (www.direct-ms.org) for funding this project and are
thankful for the support provided by the Institute for Clinical and Translational Science at the University of Iowa, which is supported by the
National Institutes of Health (NIH) Clinical and Translational Science
Award (CTSA) program, grant U54TR001356. The CTSA program is led
by the NIH’s National Center for Advancing Translational Sciences
(NCATS). This publication’s contents are solely the responsibility of the
authors and do not necessarily represent the ofﬁcial views of the NIH. Inkind support was provided from DJO Inc., Pinnaclife Inc., and TZ Press
LLC and the Iowa City VA Healthcare System, Iowa City, Iowa.

Disclosure
Dr. Terry Wahls has equity interest in the following companies: Dr. Terry
Wahls LLC; TZ Press LLC; Xcellerator LLC; RDT LLC; and the website
http://www.terrywahls.com. She also owns the copyright to the books
Minding My Mitochondria (2nd edition) and The Wahls Protocol and the
trademarks The Wahls Protocol and Wahls Diet. She receives royalty payments from Penguin Random House. Dr. Wahls has conﬂict of interest
management plans in place with both the University of Iowa and the Veterans Affairs Iowa City Healthcare System. All of the other authors report
no conﬂicts of interest in this work.

References
1. Guimar~aes J, S!a MJ: Cognitive dysfunction in multiple sclerosis. Front
Neurol 3: 1–8, 2012.

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION

2. Chiaravalloti ND, DeLuca J: Cognitive impairment in multiple sclerosis. Lancet Neurol 7:1139–1151, 2008.
3. Benedict RH, Bruce JM, Dwyer MG, Abdelrahman N, Hussein S,
Weinstock-Guttman B, Garg N, Munschauer F, Zivadinov R: Neocortical atrophy, third ventricular width, and cognitive dysfunction in
multiple sclerosis. Arch Neurol 63:1301–1306, 2006.
4. Benedict RH, Shucard JL, Zivadinov R, Shucard DW: Neuropsychological impairment in systemic lupus erythematosus: a comparison
with multiple sclerosis. Neuropsychol Rev 18:149–166, 2008.
5. Korostil M, Feinstein A: Anxiety disorders and their clinical correlates
in multiple sclerosis patients. Mult Scler 13:67–72, 2007.
6. Feinstein A: The neuropsychiatry of multiple sclerosis. Can J Psychiatry 49:157–163, 2004.
7. Morrow SA, Rosehart H, Pantazopoulos K: Anxiety and depressive
symptoms are associated with worse performance on objective cognitive tests in MS. J Neuropsychiatry Clin Neurosci 28:118–123, 2016.
8. Loleit V, Biberacher V, Hemmer B: Current and future therapies targeting the immune system in multiple sclerosis. Curr Pharm Biotechnol 15:276–296, 2014.
9. Shirani A, Zhao YS, Karim ME, Evans C, Kingwell E, van der Kop ML,
Oger J, Gustafson P, Petkau J, Tremlett H: Association between use of
interferon beta and progression of disability in patients with relapsing–remitting multiple sclerosis. JAMA 308:247–256, 2012.
10. Langer-Gould A, Moses HH, Murray TJ: Strategies for managing the
side effects of treatments for multiple sclerosis. Neurology 63:S35–
S41, 2004.
11. Filippini G, Munari L, Incorvaia B, Ebers GC, Polman C, D’Amico R,
Rice GP: Interferons in relapsing remitting multiple sclerosis: a systematic review. Lancet 361:545–552, 2003.
12. Nordin L, Rorsman I: Cognitive behavioural therapy in multiple sclerosis: a randomized controlled pilot study of acceptance and commitment therapy. J Rehabil Med 44:87–90, 2012.
13. Pusswald G, Mildner C, Zebenholzer K, Auff E, Lehrner J: A neuropsychological rehabilitation program for patients with multiple sclerosis based on the model of the ICF. NeuroRehabilitation 35:519–527,
2014.
14. Beckner V, Howard I, Vella L, Mohr DC: Telephone-administered
psychotherapy for depression in MS patients: moderating role of
social support. J Behav Med 33:47–59, 2010.
15. Bhargava P: “Diet and Multiple Sclerosis.” National Multiple
Sclerosis Society, 2015. https://www.nationalmssociety.org/NationalMSSociety/media/MSNationalFiles/Documents/Diet-and-Multiple-Sclerosis-Bhargava-06-26-15.pdf
16. Lauer K: Environmental risk factors in multiple sclerosis. Expert Rev
Neurother 10:421–440, 2010.
17. Riccio P: The molecular basis of nutritional intervention in multiple
sclerosis: a narrative review. Complement Ther Med 19:228–237,
2011.
18. Riccio P, Rossano R, Liuzzi GM: May diet and dietary supplements
improve the wellness of multiple sclerosis patients? A molecular
approach. Autoimmune Dis 2010:249842, 2011.
19. Hadjivassiliou M, Sanders DS, Grunewald RA, Woodroofe N, Boscolo
S, Aeschlimann D: Gluten sensitivity: from gut to brain. Lancet Neurol
9:318–330, 2010.
20. Motl RW, Gosney JL: Effect of exercise training on quality of life in
multiple sclerosis: a meta-analysis. Mult Scler 14:129–135, 2008.
21. White LJ, Dressendorfer RH: Exercise and multiple sclerosis. Sports
Med 34:1077–1100, 2004.
22. Rietberg MB, Brooks D, Uitdehaag BM, Kwakkel G. Exercise therapy
for multiple sclerosis. Cochrane Database Syst Rev. 2005 Jan 25;(1):
CD003980. Review.
23. Reese D, Shivapour ET, Wahls TL, Dudley-Javoroski SD, Shields R:
Neuromuscular electrical stimulation and dietary interventions to
reduce oxidative stress in a secondary progressive multiple sclerosis
patient leads to marked gains in function: a case report. Cases J 2:1–4,
2009.
24. Bisht B, Darling WG, Grossmann RE, Shivapour ET, Lutgendorf SK,
Snetselaar LG, Hall MJ, Zimmerman MB, Wahls TL: A multimodal
intervention for patients with secondary progressive multiple sclerosis:

25.

26.

27.

28.
29.

30.
31.

32.

33.
34.
35.
36.
37.
38.
39.
40.
41.

42.
43.
44.
45.

17

feasibility and effect on fatigue. J Altern Complement Med 20:347–
355, 2014.
Bisht B, Darling WG, Shivapour ET, Lutgendorf SK, Snetselaar
LG, Chenard CA, Wahls TL: Multimodal intervention improves
fatigue and quality of life in subjects with progressive multiple
sclerosis: a pilot study. Degener Neurol Neuromuscul Dis 5:19–35,
2015.
Sangelaji B, Estebsari F, Nabavi SM, Jamshidi E, Morsali D, Dastoorpoor M: The effect of exercise therapy on cognitive functions in multiple sclerosis patients: a pilot study. Med J Islam Repub Iran 29:1–9,
2015.
Kierkegaard M, Lundberg IE, Olsson T, Johansson S, Ygberg S, Opava
C, Holmqvist LW, Piehl F: High-intensity resistance training in multiple sclerosis—an exploratory study of effects on immune markers in
blood and cerebrospinal ﬂuid, and on mood, fatigue, health-related
quality of life, muscle strength, walking and cognition. J Neurol Sci
362:251–257, 2016.
Bourre JM: Effects of nutrients (in food) on the structure and function
of the nervous system: update on dietary requirements for brain. Part
2: macronutrients. J Nutr Health Aging 10:386–399, 2006.
Bowman GL, Silbert LC, Howieson D, Dodge HH, Traber MG, Frei B,
Kaye JA, Shannon J, Quinn JF: Nutrient biomarker patterns, cognitive
function, and MRI measures of brain aging. Neurology 78:241–249,
2012.
Miller WR, Rollnick S: “Motivational Interviewing: helping People
Change.” 3rd ed. New York: Guilford Press, 2012.
Feskanich D, Rimm EB, Giovannucci EL, Colditz GA, Stampfer MJ,
Litin LB, Willett WC: Reproducibility and validity of food intake
measurements from a semiquantitative food frequency questionnaire.
J Am Diet Assoc 93:790–796, 1993.
Jacques PF, Sulsky SI, Sadowski JA, Phillips JC, Rush D, Willett WC:
Comparison of micronutrient intake measured by a dietary questionnaire and biochemical indicators of micronutrient status. Am J Clin
Nutr 57:182–189, 1993.
Beck AT, Steer RA: “Manual for the Beck Anxiety Inventory.” San
Antonio, TX: Psychological Corporation, 1990.
Beck AT, Epstein N, Brown G, Steer RA: An inventory for measuring
clinical anxiety: psychometric properties. J Consult Clin Psychol
56:893–897, 1988.
Fydrich T, Dowdall D, Chambless DL: Reliability and validity of the
Beck Anxiety Inventory. J Anxiety Disord 6:55–61, 1992.
Beck AT, Steer RA, Brown GK: “Manual for the Beck Depression
Inventory–II.” San Antonio, TX: Psychological Corporation, 1996.
Steer RA, Ball R, Ranieri WF, Beck AT: Dimensions of the Beck
Depression Inventory–II in clinically depressed outpatients. J Clin
Psychol 55:117–128, 1999.
Erlanger DM, Kaushik T, Broshek D, Freeman J, Feldman D, Festa J:
Development and validation of a web-based screening tool for monitoring cognitive status. J Head Trauma Rehabil 17:458–476, 2002.
Delis DC, Kaplan E, Kramer JH: “Delis-Kaplan Executive Function
System (D-KEFS).” San Antonio, TX: The Psychological Corporation,
2001.
Beatty WW, Hames KA, Blanco CR, Paul RH: Verbal abstraction deﬁcit in multiple sclerosis. Neuropsychology 9:198–205, 1995.
Parmenter BA, Zivadinov R, Kerenyi L, Gavett R, Weinstock-Guttman
B, Dwyer MG, Garg N, Munschauer F, Benedict RH: Validity of the
Wisconsin Card Sorting and Delis-Kaplan Executive Function System
(DKEFS) Sorting Tests in multiple sclerosis. J Clin Exp Neuropsychol
29:215–223, 2007.
Wechsler D: “Weschsler Adult Intelligence Scale–III.” San Antonio,
TX: The Psychological Corporation, 1997.
Wechsler D: “Wechsler Test of Adult Reading (WTAR).” San Antonio, TX: The Psychological Corporation, 2001.
McFarlane J, Welch J, Rodgers J: Severity of Alzheimer’s disease and
effect on premorbid measures of intelligence. Br J Clin Psychol
45:453–463, 2006.
Kurtzke JF: Rating neurologic impairment in multiple sclerosis: an
expanded disability status scale (EDSS). Neurology 33:1444–1452,
1983.

18

J. E. LEE ET AL.

46. Sharrack B, Hughes RA, Soudain S, Dunn G: The psychometric properties of clinical rating scales used in multiple sclerosis. Brain 122(Pt
1):141–159, 1999.
47. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD: The Fatigue
Severity Scale. Application to patients with multiple sclerosis and systemic lupus erythematosus. Arch Neurol 46:1121–1123, 1989.
48. Valderramas S, Feres AC, Melo A: Reliability and validity study of a
Brazilian–Portuguese version of the fatigue severity scale in Parkinson’s disease patients. Arq Neuropsiquiatr 70:497–500, 2012.
49. Streiner DL, Norman GR: Correction for multiple testing: is there a
resolution? Chest 140:16–18, 2011.
50. Rothman KJ: No adjustments are needed for multiple comparisons.
Epidemiology 1:43–46, 1990.
51. Jacobson NS, Truax P: Clinical signiﬁcance: a statistical approach to
deﬁning meaningful change in psychotherapy research. J Consult Clin
Psychol 59:12–19, 1991.
52. Stein J, Luppa M, Brahler E, Konig HH, Riedel-Heller SG: The assessment of changes in cognitive functioning: reliable change indices for
neuropsychological instruments in the elderly—a systematic review.
Dement Geriatr Cogn Disord 29:275–286, 2010.
53. Nordvik I, Myhr KM, Nyland H, Bjerve KS: Effect of dietary advice
and n-3 supplementation in newly diagnosed MS patients. Acta Neurol Scand 102:143–149, 2000.
54. Weinstock-Guttman B, Baier M, Park Y, Feichter J, Lee-Kwen P, Gallagher E, Venkatraman J, Meksawan K, Deinehert S, Pendergast D,
Awad AB, Ramanathan M, Munschauer F, Rudick R: Low fat dietary
intervention with omega-3 fatty acid supplementation in multiple
sclerosis patients. Prostaglandins Leukot Essent Fatty Acids 73:397–
404, 2005.
55. Farinotti M, Vacchi L, Simi S, Di Pietrantonj C, Brait L, Filippini G:
Dietary interventions for multiple sclerosis. Cochrane Database Syst
Rev 12:CD004192, 2012.
56. Jagannath VA, Fedorowicz Z, Asokan GV, Robak EW, Whamond L:
Vitamin D for the management of multiple sclerosis. Cochrane Database Syst Rev 2010 Dec 8;(12):CD008422. doi: 10.1002/14651858.
CD008422.pub2.
57. Burton JM, Kimball S, Vieth R, Bar-Or A, Dosch HM, Cheung R,
Gagne D, D’Souza C, Ursell M, O’Connor P: A phase I/II dose-escalation trial of vitamin D3 and calcium in multiple sclerosis. Neurology
74:1852–1859, 2010.
58. Naghashpour M, Majdinasab N, Shakerinejad G, Kouchak M,
Haghighizadeh MH, Jarvandi F, Hajinajaf S: Riboﬂavin supplementation to patients with multiple sclerosis does not improve disability status nor is riboﬂavin supplementation correlated to homocysteine. Int
J Vitam Nutr Res 83:281–290, 2013.
59. Lovett-Racke AE, Racke MK: Retinoic acid promotes the development
of Th2-like human myelin basic protein-reactive T cells. Cell Immunol 215:54–60, 2002.
60. Elias KM, Laurence A, Davidson TS, Stephens G, Kanno Y, Shevach
EM, O’Shea JJ: Retinoic acid inhibits Th17 polarization and enhances
FoxP3 expression through a Stat-3/Stat-5 independent signaling pathway. Blood 111:1013–1020, 2008.
61. Sedel F, Papeix C, Bellanger A, Touitou V, Lebrun-Frenay C, Galanaud D, Gout O, Lyon-Caen O, Tourbah A: High doses of biotin in
chronic progressive multiple sclerosis: a pilot study. Mult Scler Relat
Disord 4:159–169, 2015.
62. Shinto L, Calabrese C, Morris C, Sinsheimer S, Bourdette D: Complementary and alternative medicine in multiple sclerosis: survey of
licensed naturopaths. J Altern Complement Med 10:891–897, 2004.
63. Salari S, Khomand P, Arasteh M, Yousefzamani B, Hassanzadeh K:
Zinc sulphate: A reasonable choice for depression management in
patients with multiple sclerosis: a randomized, double-blind, placebocontrolled clinical trial. Pharmacol Rep 67:606–609, 2015.
64. Bitarafan S, Saboor-Yaraghi A, Sahraian MA, Soltani D, Naﬁssi S, Togha
M, Beladi Moghadam N, Roostaei T, Mohammadzadeh Honarvar N,
Harirchian MH: Effect of vitamin A supplementation on fatigue and
depression in multiple sclerosis patients: a double-blind placebo-controlled clinical trial. Iran J Allergy Asthma Immunol 15:13–19, 2016.
65. Shinto L, Calabrese C, Morris C, Yadav V, Grifﬁth D, Frank R, Oken
BS, Baldauf-Wagner S, Bourdette D: A randomized pilot study of

66.
67.
68.
69.
70.

71.
72.
73.

74.
75.
76.

77.

78.
79.

80.
81.
82.
83.
84.
85.
86.

87.

naturopathic medicine in multiple sclerosis. J Altern Complement
Med 14:489–496, 2008.
Sanhueza C, Ryan L, Foxcroft DR: Diet and the risk of unipolar
depression in adults: systematic review of cohort studies. J Hum Nutr
Diet 26:56–70, 2013.
Sanchez-Villegas A, Martinez-Gonzalez MA: Diet, a new target to prevent depression? BMC Med 11:1–4, 2013.
Akbaraly TN, Brunner EJ, Ferrie JE, Marmot MG, Kivimaki M, SinghManoux A: Dietary pattern and depressive symptoms in middle age.
Br J Psychiatry 195:408–413, 2009.
Opie RS, O’Neil A, Itsiopoulos C, Jacka FN: The impact of whole-ofdiet interventions on depression and anxiety: a systematic review of
randomised controlled trials. Public Health Nutr 18:2074–2093, 2015.
Daly RM, Gianoudis J, Prosser M, Kidgell D, Ellis KA, O’Connell S,
Nowson CA: The effects of a protein enriched diet with lean red meat
combined with a multi-modal exercise program on muscle and cognitive health and function in older adults: study protocol for a randomised controlled trial. Trials 16:1–16, 2015.
Riccio P, Rossano R: Nutrition facts in multiple sclerosis. ASN Neuro
7: 1–20, 2015.
Kratz AL, Ehde DM, Bombardier CH: Affective mediators of a physical activity intervention for depression in multiple sclerosis. Rehabil
Psychol 59:57–67, 2014.
Motl RW, McAuley E, Snook EM, Gliottoni RC: Physical activity and
quality of life in multiple sclerosis: intermediary roles of disability,
fatigue, mood, pain, self-efﬁcacy and social support. Psychol Health
Med 14:111–124, 2009.
Garrett M, Hogan N, Larkin A, Saunders J, Jakeman P, Coote S: Exercise in the community for people with multiple sclerosis—a follow-up
of people with minimal gait impairment. Mult Scler 19:790–798, 2013.
Swank C, Thompson M, Medley A: Aerobic exercise in people with
multiple sclerosis: its feasibility and secondary beneﬁts. Int J MS Care
15:138–145, 2013.
Garrett M, Hogan N, Larkin A, Saunders J, Jakeman P, Coote S: Exercise in the community for people with minimal gait impairment due
to MS: an assessor-blind randomized controlled trial. Mult Scler
19:782–789, 2013.
Ahmadi A, Arastoo AA, Nikbakht M, Zahednejad S, Rajabpour M:
Comparison of the effect of 8 weeks aerobic and yoga training on
ambulatory function, fatigue and mood status in MS patients. Iran
Red Crescent Med J 15:449–454, 2013.
Motl RW, Gappmaier E, Nelson K, Benedict RH: Physical activity and
cognitive function in multiple sclerosis. J Sport Exerc Psychol 33:734–
741, 2011.
Baker LD, Frank LL, Foster-Schubert K, Green PS, Wilkinson CW,
McTiernan A, Plymate SR, Fishel MA, Watson GS, Cholerton BA,
Duncan GE, Mehta PD, Craft S: Effects of aerobic exercise on mild
cognitive impairment: a controlled trial. Arch Neurol 67:71–79, 2010.
Colcombe S, Kramer AF: Fitness effects on the cognitive function of
older adults: a meta-analytic study. Psychol Sci 14:125–130, 2003.
Motl RW, Sandroff BM, Benedict RH: Cognitive dysfunction and multiple sclerosis: developing a rationale for considering the efﬁcacy of
exercise training. Mult Scler 17:1034–1040, 2011.
Comi G, Leocani L, Rossi P, Colombo B: Physiopathology and treatment of fatigue in multiple sclerosis. J Neurol 248:174–179, 2001.
Vattakatuchery JJ, Rickards H, Cavanna AE: Pathogenic mechanisms
of depression in multiple sclerosis. J Neuropsychiatry Clin Neurosci
23:261–276, 2011.
Flachenecker P, Bihler I, Weber F, Gottschalk M, Toyka KV, Rieckmann P: Cytokine mRNA expression in patients with multiple sclerosis and fatigue. Mult Scler 10:165–169, 2004.
Rossi S, Studer V, Motta C, De Chiara V, Barbieri F, Bernardi G, Centonze D: Inﬂammation inhibits GABA transmission in multiple sclerosis. Mult Scler 18:1633–1635, 2012.
Bakshi R, Shaikh ZA, Miletich RS, Czarnecki D, Dmochowski J, Henschel K, Janardhan V, Dubey N, Kinkel PR: Fatigue in multiple sclerosis and its relationship to depression and neurologic disability. Mult
Scler 6:181–185, 2000.
Bradshaw J: Cognition, depression and fatigue in multiple sclerosis.
Advances in Clinical Neuroscience and Rehabilitation 8:15–17, 2008.

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION

88. Arnett PA, Higginson CI, Voss WD, Wright B, Bender WI, Wurst JM,
Tippin JM: Depressed mood in multiple sclerosis: relationship to
capacity-demanding memory and attentional functioning. Neuropsychology 13:434–446, 1999.
89. Arnett PA, Higginson CI, Voss WD, Bender WI, Wurst JM, Tippin
JM: Depression in multiple sclerosis: relationship to working memory
capacity. Neuropsychology 13:546–556, 1999.
90. Arnett PA, Higginson CI, Randolph JJ: Depression in multiple sclerosis:
relationship to planning ability. J Int Neuropsychol Soc 7:665–674, 2001.

19

91. Kapoor R, Furby J, Hayton T, Smith KJ, Altmann DR, Brenner R,
Chataway J, Hughes RA, Miller DH: Lamotrigine for neuroprotection
in secondary progressive multiple sclerosis: a randomised, doubleblind, placebo-controlled, parallel-group trial. Lancet Neurol 9:681–
688, 2010.
92. Vermersch P, Benrabah R, Schmidt N, Zephir H, Clavelou P, Vongsouthi C, Dubreuil P, Moussy A, Hermine O: Masitinib treatment in
patients with progressive multiple sclerosis: a randomized pilot study.
BMC Neurol 12:1–9, 2012.

