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Abstract

Background: Multiple sclerosis is an autoimmune disease influenced by environmental factors.
Objectives: The feasibility of a multimodal intervention and its effect on perceived fatigue in patients with
secondary progressive multiple sclerosis were assessed.
Design/setting: This was a single-arm, open-label intervention study in an outpatient setting.
Interventions: A multimodal intervention including a modified paleolithic diet with supplements, stretching,
strengthening exercises with electrical stimulation of trunk and lower limb muscles, meditation, and massage
was used.
Outcome measures: Adherence to each component of the intervention was calculated using daily logs. Side-
effects were assessed from a monthly questionnaire and blood analyses. Fatigue was assessed using the Fatigue
Severity Scale (FSS). Data were collected at baseline and months 1, 2, 3, 6, 9, and 12.
Results: Ten (10) of 13 subjects who were enrolled in a 2-week run-in phase were eligible to continue in the 12-
month main study. Of those 10 subjects, 8 completed the study and 6 subjects fully adhered to the study
intervention for 12 months. Over a 12-month period, average adherence to diet exceeded 90% of days, and to
exercise/muscle stimulation exceeded 75% of days. Nutritional supplements intake varied among and within
subjects. Group daily average duration of meditation was 13.3 minutes and of massage was 7.2 minutes. No
adverse side-effects were reported. Group average FSS scores decreased from 5.7 at baseline to 3.32
( p = 0.0008) at 12 months.
Conclusions: In this small, uncontrolled pilot study, there was a significant improvement in fatigue in those
who completed the study. Given the small sample size and completer rate, further evaluation of this multimodal
therapy is warranted.

Introduction

Multiple sclerosis (MS) is an immune-mediated
disease influenced by the interaction of genetics and

environmental factors.1,2 There is increasing interest in the

development of combination therapies, using immune sup-
pressants and drugs with distinct mechanisms of action, but
side-effects limit the number of pharmacologic agents that
can be safely used.3–5 Combinations of nonpharmaceutical
treatments that are known to increase muscle strength and
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positively influence brain function by multiple mechanisms
of action but with minimal side-effects may provide an al-
ternative treatment.6

Progressive muscle weakness and fatigue are the chief
complaints of MS patients and lead to decreased physical
activity and disability. Performing a progressive exercise
program (PEP) would be expected to improve function of
secondary progressive multiple sclerosis (SPMS) patients7

but a recent meta-analysis showed that the effects of exer-
cise for up to three months are usually modest.8 Neuro-
muscular electrical stimulation (NMES) may also provide
benefits by increasing muscle activation during exercises
and reducing spasticity. Such stimulation is Food and Drug
Administration (FDA)–approved for treating muscle pain
and spasm and for reducing muscle atrophy, all of which are
typical in SPMS. Both exercise and electrical stimulation
are associated with increased nerve-growth factors including
brain-derived neurotrophic factor, insulin-like growth fac-
tor, glial cell growth factor, and endorphins,9,10 which are all
critical for repair of myelin and are diminished in SPMS.
Exercise and NMES may synergize to produce a better
treatment for SPMS than either alone.

Nutritional status has a major impact on cognitive func-
tion and brain volume in healthy individuals11 and is likely
even more important in people with SPMS.12,13 The number
of mean daily servings of vegetables is inversely correlated
with the risk of developing MS and obesity,14 a common
comorbidity.1 Greens, sulfur-rich vegetables and brightly
colored vegetables provide many dietary molecules (e.g.,
flavonoids, polyphenols, and thiols) with favorable impact
on molecular pathways influencing MS disease activity
(e.g., sirtuins, adenosine monophosphate protein kinase,
nuclear transcription factor j B, and peroxime proliferator-
activated receptors)12,13 and nutrients important to optimal
brain physiology.11,15,16

Currently, no particular diet is prescribed as a treatment
for MS, but some studies suggest that changes in diet might
be beneficial. For example, the Swank diet, which is low in
saturated fat, reduces the progression of disability and
mortality rate in patients with relapsing–remitting MS.17,18

In 2009, a case report of a patient with SPMS (TW) showed
that a modified paleolithic diet (see Table 1 for a detailed

description), consisting mainly of greens, sulfur-containing
vegetables and colored fruits and vegetables and elimination
of gluten, dairy, and eggs enhanced the recovery of this
patient and led to improvement in fatigue and transition
from wheelchair dependence to mild gait disability.19 This
individual (TW) was receiving physical therapy and NMES
before adding the diet to her intervention, suggesting ben-
eficial effects of a combination of treatments. Moreover, a
case series assessing effects of PEP + NMES in six patients
with SPMS or primary progressive MS demonstrated in-
creased mobility, including reduced need for assistive de-
vices.20 On the basis of these reports, the effects of a
multimodal intervention including the modified paleolithic
diet, PEP, NMES, and stress-reduction techniques were in-
vestigated in subjects with SPMS. To investigate the feasi-
bility of treating SPMS with multiple interventions, an
assessment was done of subjects’ adherence to three main
components (diet, PEP, and NMES) of this multimodal in-
tervention and its effect on perceived fatigue. It was hy-
pothesized that SPMS subjects would be able to adopt and
sustain multiple interventions with minimal side-effects and
that the multimodal intervention would decrease perceived
fatigue. The clinical trials protocol registration number is
NCT01381354.

Materials and Methods

In this one-arm feasibility study, the inclusion criteria
were as follows: diagnosis of SPMS confirmed by the study
neurologist (E.T.S.) based on subject’s medical history,
clinical presentation, brain and spinal magnetic resonance
imaging (MRI) and spinal fluid examination; age 18–65
years; some level of gait impairment but ability to walk 25
feet with or without an assistive device (as confirmed by
subject during screening questions); and an adult companion
willing to assist with home exercise and NMES. The ex-
clusion criteria were the following: change in MS status in
prior 3 months, abnormal renal or hepatic functions, active
cancer, psychotic disorder, significant cognitive dysfunc-
tion, seizure disorder, heart block or abnormal rhythm, un-
stable heart disease, lung disease or diabetes requiring
change in medication in prior 3 months, any implanted

Table 1. Study Diet Developed by T. Wahls

Food item Instruction Recommended daily intake

Green leafy vegetables Recommendeda 3 cups cooked/6 cups raw = 3 servings
Sulfur-rich vegetables Recommendeda 3 cups raw or cooked = 3 servings
Intensely colored fruits or vegetables Recommendeda 3 cups raw or cooked = 3 servings
Omega-3 oils Encouraged 2 tablespoons
Animal protein Encouraged 4 ounces or more
Plant protein Encouraged 4 ounces or more
Nutritional yeast Encouraged 1 tablespoon
Milks: soy, almond, peanut, rice, and coconut Encouraged According to subject choice
Kelp Encouraged ¼ teaspoon powder or 2 capsules
Spirulina/chlorella/klamath blue–green algae Encouraged ¼ to 1 teaspoon or 4 to 8 capsules
Gluten-free grains/starchy food Allowed Only two servings per week
Gluten-containing grain Excluded
Dairy Excluded
Eggs Excluded

aIf not able to take total nine servings of recommended food, subjects were asked to take equal proportion of each category.
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electronic device, antiplatelet or blood thinner medication
and 25(OH)D >150 ng/mL or >100 ng/mL with an abnor-
mal elevation of blood calcium ( >10.2 mg/dL). This study
was approved by the University of Iowa Institutional Re-
view Board, and informed consent was obtained for all
subjects.

Intervention

Run-in phase. On initial enrollment, subjects were in-
structed to follow the study diet (Table 1) and a stretching
program at home for 2 weeks to confirm participant will-
ingness to adopt the study interventions. The study diet was
a modified paleolithic diet consisting of recommended foods
(green leafy vegetables, sulfur-containing vegetables, and
intensely colored fruits and vegetables), encouraged foods
(plant and animal protein, seaweed, nondairy milks), and
excluded foods (gluten-containing grains, eggs, and dairy).
To facilitate adherence with this diet, subjects were pro-
vided with menus and recipes. The stretching program fo-
cused on gastrocsoleus, hamstrings, gluteus maximus, and
erector spinae muscles. Each subject’s adult companion was
instructed to assist during stretching exercises. Subjects
were called twice during the run-in phase by research as-
sistants to answer questions regarding diet and stretching
program. To be eligible for the 12-month main study, sub-
jects had to show adherence to study diet (daily intake of
recommended foods and avoidance of excluded foods) for 7
consecutive days during a 2-week run-in phase.

Main study. After enrollment into the main study, an
exercise–NMES program, optional nutritional supplements
(see Supplementary Table S1; Supplementary Data are
available online at www.liebertpub.com/acm), and stress-
reduction techniques were added to the run-in intervention.
Potential side-effects of each supplement were described in
the consent form. Subjects could opt not to take a supple-
ment for any reason. Subjects were instructed to add one
supplement every other day and discontinue intake if any
side-effect was perceived. For stress reduction, subjects
were instructed to do meditation and self-massage of hands,
feet, and face. A session of mindfulness meditation em-
phasizing concentration on breathing (as suggested in In-
stitute of Functional Medicine toolkit, 2010)21 was
conducted. Subjects could use any other method of medi-
tation as well. Twenty (20) minutes of daily stress reduction
was recommended. The exercise–NMES program consisted
of strengthening exercises of leg and trunk muscles with
accompanying NMES (Table 2). Strength of dorsiflexors,
quadriceps, hamstrings, gluteus maximus, abdominals, and
erector spinae muscles was assessed using manual muscle
testing (MMT). Type and repetitions of exercises were re-
commended to each subject based on her/his muscle
strength in particular muscle groups. NMES was applied on
all weak muscles (i.e., < 7/10 on MMT) even if subjects
were not able to perform exercise of that muscle. Electrical
stimulation was applied with a portable NMES device
(EMPI 300 PV) using program 6 (80 Hz, 300 ls, 10 seconds
on, 5 seconds off, 2-second ramp up, 2-second ramp down).
Subjects and adult companions were instructed on proper
application of electrical stimulation to the muscles and how
to perform strengthening exercises during NMES. To begin,

subjects were asked to perform 10–20 repetitions of exercise
of a muscle group within 10 minutes of electrical stimula-
tion, thus giving them time to perform exercises with
stimulation and rest between repetitions. Intensity of NMES
was controlled by subjects and was recommended to remain
within a comfortable level. Subjects were asked to perform
stretches and an exercise–NMES program at least 5 days/
week. In addition, optional use of program 1 (for large-
muscle groups, 35 Hz, 300 ls) and program 2 (for small-
muscle groups, 45 Hz, 300 ls) at submotor intensity (to
generate a tingling sensation but no muscle contraction) was
also recommended during activities of daily living. Number
of daily repetitions of stretches and strengthening exercises
and total duration of electrical stimulation were progres-
sively increased as the subject’s tolerance improved. Re-
search assistants called the subjects weekly in the first 2
months to answer any questions related to the intervention.
Also, subjects called the study team if they had any ques-
tions about any part of the intervention during the study
period. Motivational interviewing techniques such as use of
open-ended questions and reflective statements were used
by research assistants while talking to subjects to improve
and sustain adherence with interventions.22

Outcome measures. Primary outcome measures were (1)
adherence to study diet and exercise–NMES program, (2)
side-effects of the intervention, and (3) perceived fatigue.
Adherence to study interventions and perceived fatigue were
measured at 3, 6, 9, and 12 months, whereas side-effects were
assessed at 1, 2, 3, 6, 9, and 12 months after starting the
intervention. Secondary outcome measures included (1) av-
erage daily intake of each food category, (2) type and daily
dosage of nutritional supplements, average total daily minutes
of: (3) NMES with programs 1 and 2, and (4) meditation and
massage. Subjects were asked to keep daily records of their
food intake, type, and repetitions of each exercise performed
and total duration of electrical stimulation applied during a
12-month intervention period. Adherence with diet and an
exercise–NMES program was calculated as percentage of the
days subjects filled in the daily logs showing that they con-
sumed any of the recommended foods and did not consume
any excluded food (considered adherent to the diet). Due to
variation in subject’s weight, precise serving sizes were not
considered for adherence, and subjects were asked to eat
recommended foods according to their appetite. Adherence to

Table 2. Recommended Exercises and Muscles

Stimulated During Particular Exercise

Exercise
Muscle stimulated
during the exercise

Pelvic tilt Abdominals
Crunches

Right-angle bridge
Hip abduction Gluteus maximus
Hip abduction & extension

Bridging Erector spinae
Walking bridge
Hunter dog

Wall slides No NMES

NMES, neuromuscular electrical stimulation.
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the exercise–NMES program was considered full in a day if
subject performed strengthening exercises or NMES or both.
Potential side-effects were assessed from monthly question-
naires and blood analyses (complete blood count test, creat-
inine, calcium, magnesium, and alanine aminotransferase,
conducted at Iowa City Veteran Affairs Medical Center).
Subjects were asked to indicate if they perceived any side-
effects such as diarrhea, bloating, bruising, etc. and if so, how
would they rate it (mild, moderate, or severe). Information
regarding burns and discomfort associated with NMES were
also asked in the questionnaire. Perceived fatigue was as-
sessed using the FSS. Subject’s daily logs and monthly side-
effects questionnaires were collected at their 1, 2, 3, 6, 9, and
12-month visits. Blood analyses were performed at 1, 3, 6, 9,
and 12-month visits.

Statistical analysis. Linear mixed model for repeated
measures23 was used for assessing adherence with diet and
the exercise–NMES program and its effect on perceived
fatigue at 3, 6, 9, and 12 months after starting the inter-
vention. All available data were used under the assumption
of data missing at random. When appropriate, the Dunnett–
Hsu24 test was used for post-hoc comparisons.

Results

Subjects

Thirteen (13) subjects with SPMS (of 34 screened) were
enrolled in the run-in phase; 10 of these subjects were eli-
gible for the 12-month main study. One subject (S10)
dropped out of the study within 3 months due to unknown
reasons. Thus, postintervention data of only nine subjects
have been reported. One subject’s (S8) participation was
terminated at 6 months due to clinically significant cognitive
decline. Thus, eight subjects continued their participation
for 12 months. Although, subject 6 (S6) participated in the
study for 12 months, her data were excluded from adherence
analysis due to false reporting in daily logs (as mentioned by
the subject herself). Subjects’ enrollment and follow-up
during the study are shown in Figure 1. Baseline charac-
teristics of subjects are shown in Table 3.

Study diet and nutritional supplements. Subjects com-
pleted diet logs for an average of 90 days (96%) between
visits. Group average adherent days averaged over 90% at 3,
6, 9, and 12 months (Fig. 2: Grp). No significant change in
mean diet adherence at different time points occurred
( p = 0.45). Adherence varied from nearly full ( > 90%) (Fig.
2: S1, S3, S5, S9, S14) to lower adherence that varied with
duration of intervention (e.g., Fig. 2: S2, S11). Subject 2 (S2)
decreased adherence after 6 months for personal reasons
(severe family stress). She did not adhere to diet (as men-
tioned by subject) and did not fill in logs between 9- and 12-
month visits. Group average daily intake of recommended
food was 1.8 servings at baseline and increased to 7.1, 6.8,
6.2, and 6.4 servings at 3, 6, 9, and 12 months, respectively
(Supplementary Fig. S1). Although subjects were asked to eat
each category of recommended food items in equal propor-
tion, they ate colored fruits and vegetables more frequently
than other categories (1.4:1.0:1.2 daily servings of colors,
sulfur, and greens, respectively). Group average daily intake
of excluded food decreased from 4.9 servings at baseline to

0.05, 0.05, 0.1, and 0.1 servings at 3, 6, 9, and 12 months,
respectively. On average, subjects reported minimal intake of
excluded foods ranging from 0 to 0.2 servings per day during
a 12-months period except subject S2, who resumed eating
excluded food after 6 months and reported an average of 0.6
servings/day at 9 months. Nutritional supplement regimen
varied among and within subjects at different time points
during the study. Resveratrol was withdrawn from the sup-
plement regimen during the study due to FDA concern about
resveratrol use in an unrelated study.

Stretching program. On average more than six daily
stretches of each muscle group were performed (Supple-
mentary Fig. S2). Number of stretches varied among sub-
jects and with time. S5 and S8 were severely disabled from
baseline and experienced worsening of symptoms within 3
months into the study, which led to a decrease in number of
stretches performed over time and high variability in the
group average.

Exercises and NMES program. Subjects completed
exercise–NMES logs for average 90 days (96%) between
visits. Subjects performed either exercise or NMES for more
than 75% of days (Fig. 3: Grp) and both exercise and NMES
on more than 60% of days. No significant change in mean
exercise–NMES adherence at different time points occurred
( p = 0.65). Adherence with the exercise–NMES program
varied from nearly full ( >70% or 5 days/week) (Fig. 3: S3,
S8, S9, S11) to low adherence that varied with duration of
intervention (e.g., Fig. 3: S1, S2, S5, S14). Average daily
repetitions of strengthening exercises (Supplementary Table
S2) and total duration of NMES with program 6 (Supple-
mentary Fig. S3) and program 1 or 2 (Supplementary Table
S3) varied among subjects and with time. Subjects per-
formed exercise depending on their capability and assistance
available. Thus, total number of daily exercise repetitions
varied from 140 (S11) to almost none (S8). Similarly, high
variation in duration of NMES was reported ranging from 5
minutes to 50 minutes of NMES on each muscle group.
Some subjects also performed additional strengthening ex-
ercises (e.g., for dorsiflexors and hamstrings).

Meditation and massage. Average daily duration of
meditation was 18.7, 13.9, 10.1, and 10.6 minutes at 3, 6, 9,
and 12 months, respectively (Supplementary Table S4A).
Average daily duration of massage was 9, 7, 7.4, and 5.6
minutes at 3, 6, 9, and 12 months, respectively (Supple-
mentary Table S4B).

Side-effects. No serious adverse events were reported.
Mild-to-moderate gastrointestinal side-effects following use
of supplements were reported and were resolved in all cases
by either decreasing the dosage or stopping the particular
supplement. S5 and S11 reported one minor skin burn, and
S3 reported minor skin burns twice following NMES. These
subjects were instructed to not apply stimulation on the
burnt area until healed properly and to keep the current
intensity within a comfortable level. S2 and S9 reported
headaches with high intensity of stimulation, which was
resolved by decreasing current intensity. Safety blood ana-
lyses remained within normal limits for all subjects except
S1, whose alanine aminotransferase was higher than normal
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at 3 months but decreased to the normal range during sub-
sequent visits.

Overweight and obese subjects showed significant weight
loss ( ‡ 10% from baseline; Table 4: S1, S5, S9, S11). S5
exhibited the greatest loss from baseline (23.9%) and was
diagnosed with chronic leukemia (attributed to the prior use of
mitoxantrone for SPMS) after the 12-month visit, which was
judged to be the likely cause of her weight loss. To prevent
excessive weight loss, subjects were instructed to increase
intake of animal protein and coconut oil. The subject’s pri-
mary-care doctors were informed if they lost more than 10%
of baseline weight at 6 months. The group average percentage
decrease in body–mass index (BMI) during a 12-month period
was 7.7% (range: + 1.8 to - 23.9%) kg/m2. All subjects
maintained BMI >18.5 kg/m2 throughout the study period.

Perceived fatigue. Seven (7) of nine subjects exhibited
decreased FSS scores over the study period (Fig. 4). Significant

reductions in average FSS scores at each time point were ob-
served including (F4,30.2 = 11.8, p < 0.001) and excluding
(F4,26.3 = 11.8, p < 0.001) data of subject 6. Dunnett-Hsu post-
hoc test showed significant decreases in average FSS scores
by: 1.8 ( p = < 0.0001), 1.6 ( p = 0.0007), 2.1 ( p = 0.0002) and
2.3 ( p = 0.0004) points from baseline at 3, 6, 9, and 12 months,
respectively, when subject 6 was included (Fig. 4: Grp), and
results were similar when subject 6 was excluded (average FSS
scores decreased by: 1.7 [p = < 0.0001], 1.5 [p = 0.003], 2.1
[p = 0.0009], and 2.4 [p = 0.0008] points from baseline at 3, 6,
9, and 12 months, respectively).

Discussion

The present study represents a significant advance in
study of potential alternative therapies for SPMS. Results of
this study suggest that it is challenging to adhere to multi-
modal intervention, as only 77% (10/13) of carefully

FIG. 1. Flow diagram of
subject enrollment, eligibility,
and follow-up during 12 months.
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screened subjects could continue participation beyond run-
in phase and only 60% (6/10) of these subjects continued
adherence with such intervention for 12 months. However,
most subjects (7/9) who followed the intervention reported
clinically significant improvements in perceived fatigue.

Several environmental factors including reduced sun ex-
posure, malnutrition, toxin exposure, stress, and reduced
physical activity are known to affect the development and
course of MS. However, research evaluating the use of
multiple interventions to reduce the impact of these envi-
ronmental factors on MS-related symptoms is sparse. The
OPTIMISE study25 used a multidisciplinary program to
encourage health-promoting activities such as physical ac-
tivity, fatigue and stress management, and nutritional
awareness over a period of 8 weeks, which led to significant
increases in healthy activities by MS subjects (e.g., the
number of subjects performing leisure-time physical activity
increased from 6% at baseline to 40% after the program).

Thus, when provided with specific information and op-
portunity to gain skills, subjects with MS can make lifestyle
changes.25 In a similar study of health-behavior promotion,
a 5-day residential retreat aimed at promoting lifestyle
modification (diet, exercise, and stress-reducing activities)
was conducted and demonstrated significant improvement in
health-related quality of life at 1 and 5 years.26 However,
adherence of subjects to the intervention was not evaluated.
Unlike these aforementioned studies, a more structured diet
(instructions about recommended and excluded food) and
muscle-specific exercises along with NMES were included
in our study, and adherence to the different components of
intervention were evaluated over a longer period of time.

Multiple interventions were used to target different
symptoms of MS. Given the complexity of the intervention
and effort needed to adhere to all of its components, only
subjects who had an adult companion to assist them during
the study were enrolled. Also, provision of a run-in phase to

FIG. 2. Average dietary adher-
ence (% adherent days) of each
subject and the group (Grp.) at 3, 6,
9, and 12 months. Subject 2 did not
complete logs from months 9–12.

Table 3. Baseline Characteristics of the Subjects in the Main Study

Subject
ID

Age
(years) Sex/race

Years
since MS
diagnosis

EDSS at
baseline

Baseline
BMI

(kg/m2) Highest education
Comorbid
diagnosis

Disease-
modifying

drugsa

S1 45.6 F/C 10 6 29 High school R
S2 53.8 F/C 14 6 21.8 Some college MO
S3 54.2 F/C 20 6.5 20 Master’s O, Cat, UC
S5 57.3 F/C 11 6.5 30 Master’s HBP Av
S6 52.5 F/C 3 6 20 Some college A
S8 55.2 F/C 35 6.5 32.8 Master’s
S9 52.2 F/C 25 6 26.5 2-year Associate O, HBP, Ch Cop
S11 54.8 F/C 11 6 27.2 4-year Bachelor’s
S14 45.9 M/H 13 6.5 22.3 Professional degree (MD) B

Mean 52.4 15.8 6.2 25.5

SD 4.1 9.5 0.3 4.7

S1 stopped taking rebif during the study.
aSubjects chose to take disease-modifying drugs although they understood that disease modifying drugs are not considered effective

therapy for secondary progressive multiple sclerosis.
Av, avonex; B, betaseron; BMI, body–mass index; C, Caucasian; UC, uterine cancer; Cat, cataract; Ch, high cholesterol; Cop, copaxon;

EDSS, expanded disability status score; F, female; H, Hispanic; HBP, high blood pressure; M, male; MO, mood problem; MS, multiple
sclerosis; O, osteoporosis; R, rebif; SD, standard deviation.
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try the study diet and stretching exercises gave subjects an
opportunity to explore the challenge of adhering to the in-
tervention. These factors might have excluded the subjects
who either were not motivated or did not have family sup-
port to follow such a complex intervention. However, 77%
(10/13) of subjects enrolled in the run-in phase continued in
the main study, of whom 60% (6/10) showed good adher-
ence with the intervention for 12 months, suggesting that it
is difficult to adhere to this multimodal intervention. No-
tably, lack of family support (one of the exclusion criteria)
due to divorce was cited as the reason for decreased ad-
herence by one subject (S2) after 6 months into the study.
One subject (S8) was terminated from the study after 6
months due to clinically significant cognitive decline and
another subject (S10) dropped out of the study within the
first 3 months and gave no specific reason for doing so.
Thus, greater adherence might have been shown if these
three subjects had family support or disease progression
similar to other subjects in the study. Adhering to this
multimodal intervention is difficult, especially for severely
disabled subjects, because of the demands for food prepa-
ration and NMES, which require assistance. On the other

hand, subjects who are capable of following this complex
intervention are likely to experience reduced perceived fa-
tigue, which is difficult to treat.

Fatigue is one of the most disabling symptoms of MS,27

but its underlying pathophysiology is poorly understood.
A review by Lee et al.27 suggested that pharmacologi-
cal (Prokarin [histamine and caffeine], modafinil, etc.) and
psychosocial/psychological interventions (yoga, energy con-
servation, pulsed electromagnetic therapy, etc.) have only
modest effect on MS fatigue. Similarly, beneficial effects of
exercises on MS fatigue have been reported but findings are
inconsistent.28 In the present study, both statistically and
clinically significant ( > 0.5 points on FSS as reported by
Tomassini29) improvement in perceived fatigue of seven of
nine subjects occurred. These results contrast with those of a
randomized controlled study in patients with relapsing–
remitting MS (RRMS) that compared the effects of two in-
terventions—(1) naturopathic medicine plus usual care and
(2) MS education plus usual care—to a usual-care control
group and showed that changes in perceived fatigue were
similar among the three groups with none of the groups
having significant decreases in fatigue.30 Differences in

FIG. 3. Average exercise–
neuromuscular electrical stimula-
tion (NMES) adherence (% adher-
ent days) of each subject and the
group at baseline, 3, 6, 9, and 12
months. Subject 2 did not complete
logs from months 9–12.

Table 4. Change in Subjects’ Weight (kg)

During 12 Months

Subject Baseline 12 month % Change from baseline

S1 81.4 71 - 12.8
S2 64.7 65 0.5
S3 56.4 57.2 1.4
S5 76.3 58.1 - 23.9
S6 60.7 56.5 - 6.9
S8 80.5 80.5a

S9 69.9 59.9 - 14.3
S11 65.4 55.5 - 15.1
S14 70.4 71.4 1.4

Group 69.5 63.9 - 7.7

SD 8.7 8.7 9.2

aAt 6 months.
SD, standard deviation.

FIG. 4. Perceived fatigue (Fatigue Severity Scale score)
of each subject and the group (Grp.) average at baseline, 3,
6, 9, and 12 months.
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subject populations (RRMS versus SPMS), intervention, and
shorter duration of the intervention of this study likely ac-
count for the different findings. To the authors’ knowledge, a
robust effect on perceived fatigue in MS has not been re-
ported following any individual intervention. The synergistic
effects of multiple interventions probably led to a large im-
provement in fatigue in this study, suggesting that a com-
prehensive approach is needed to treat MS fatigue.

Limitations of the Study

A small sample size is the primary limitation of this phase
1 pilot study. This was a single-arm, open-label study in-
vestigating the effects of a combined intervention in subjects
with SPMS. Although lacking a control group, this study
was performed in SPMS individuals and previous studies
have reported progressive worsening of various symptoms
of SPMS subjects in both placebo and treatment groups
(e.g., interferon-b) over 6 months.31–33 Future studies should
include a control group to further test the efficacy of this
intervention. Another limitation of this study is that standard
criteria to diagnose MS were not used for these subjects
because the time of their initial diagnosis dated to before
these criteria were set. However, diagnosis of a secondary
progressive course of MS was confirmed by the study
neurologist (E.T.S.), who specializes in treating patients
with MS and has several years of experience treating pa-
tients with MS. As stated above, the SPMS diagnosis was
confirmed based on the subject’s medical history, clinical
presentation, brain and spinal MRI, and cerebrospinal fluid
examination. In addition, multiple therapeutic lifestyle in-
terventions, potentially impacting multiple disease path-
ways, were simultaneously studied, which makes it difficult
to interpret effects of diet versus exercise versus NMES
versus stress reduction. However, this study focused on
whether subjects would adopt and sustain this combination
of interventions and on assessing the potential side-effects,
not on the efficacy of the intervention components.

Conclusions

Most subjects with SPMS were able to successfully adopt
and sustain a complex lifestyle intervention consisting of a
modified paleolithic diet, exercise–NMES, meditation, and
massage with minimal side-effects. Importantly, this inter-
vention also showed clinically significant improvement in
perceived fatigue of SPMS subjects. Because of space
limitations, the outcomes related to changes in quality of
life, motor function, mood, cognitive function, and blood
biomarkers will be reported in a follow-up report.
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