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Background/objective: A Paleolithic diet may improve fatigue and quality of life in progressive
multiple sclerosis (MS) patients, but past research has evaluated the effects of this dietary
intervention in combination with other treatments such as exercise. Thus, the purpose of this
pilot study was to evaluate a modified Paleolithic dietary intervention (MPDI) in the treatment
of fatigue and other symptoms in relapsing-remitting MS (RRMS).

Methods: We measured the effects of a MPDI in 17 individuals with RRMS. Of 34 subjects
randomly assigned to control (maintain usual diet) and intervention (MPDI) groups, nine sub-
jects (one man) completed the control group and eight subjects (one man) completed the MPDI.
Results: Significant improvements were seen in Fatigue Severity Scale score and also in Mul-
tiple Sclerosis Quality of Life-54 and time to complete (dominant hand) 9-Hole Peg Test from
baseline in MPDI subjects compared to controls. Increased vitamin K serum levels were also
observed in MPDI subjects postprotocol compared to controls.

Conclusion: A Paleolithic diet may be useful in the treatment and management of MS, by
reducing perceived fatigue, increasing mental and physical quality of life, increasing exercise
capacity, and improving hand and leg function. By increasing vitamin K serum levels, the MPDI
may also reduce inflammation.

Keywords: diet therapy, nutrition therapy, gluten-free, quality of life, fatigue, complementary
medicine, alternative medicine

Introduction

Multiple sclerosis (MS) is a common, disabling, neurologic condition affecting the
central nervous system of approximately 400,000 Americans. The etiology is not well
understood, but there appears to be an interaction involving both genetic susceptibility
and environmental risk factors leading to the activation of myelin-specific autoreac-
tive T cells." Although it is a complex autoimmune disease, it is clear that nuclear
factor kB (NF-kB) plays a major role in the pathogenesis of MS.* The clinical course,
symptoms, and response to therapy are extremely variable in patients (due to vari-
ability in the sites of demyelination), and there are as many as seven clinical subtypes
associated with chronologic symptom progression.®’ Of these, the relapsing-remitting
MS (RRMS) subtype affects approximately 85% of initially diagnosed patients, and
typically progresses to secondary progressive MS. Together, RRMS and secondary
progressive MS are the most common subtypes and account for approximately 90%
of patients.®
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Comprehensive literature exists examining the relationship
between modifiable lifestyle and MS progression.® Currently,
most clinicians focus primarily on pharmaceutical intervention;
first-line immune-modulating drugs such as B-interferon and
glatiramer acetate are prescribed to reduce or prevent future
disability with limited benefit and serious side effects.®!
There have been recent calls for more integrated approaches
to treatment, and demand for nondrug intervention is evi-
dent through large proportions of people with MS using
complementary and alternative medicine in addition to con-
ventional treatments.'1 It has also been demonstrated that
the degree to which people feel they are in control of their
illness plays an important role in both mental and physical
health status.!*"

Although much research has been conducted regarding
individual dietary components, more research is required to
assess the effectiveness of dietary “packages” or whole-diet
interventions for MS as many nutrients work synergistically.
Simply adding one vitamin, mineral, or food at a time may
not be as effective as making broad dietary enhancements. ¢!
Nature delivers food as nutritional complexes, not isolated
nutrients. Furthermore, whole foods containing multiple
nutrients may provide better combinations of such nutrients
than individual, or complexes of, prefabricated vitamin/
mineral supplements.'s"

The typical American diet is known to contain many
proinflammatory foods, including refined carbohydrates
and saturated fats that contribute to chronic inflammation
through the production of inflammatory molecules such
as cytokines and eicosanoids.??? Activation of the NF-xB
signaling pathway is the key component in the inflam-
matory response and serves as a master genetic switch to
initiate expression of inflammatory proteins. Studies have
demonstrated that dietary molecules found in the modified
Paleolithic dietary intervention (MPDI), such as a-lipoic acid
(ALA) and polyphenols, may effectively inhibit the NF-xB
pathways, thereby reducing inflammation.?*** It is therefore
hypothesized that dietary modulation of NF-xB could serve
as a target to reduce inflammation and decrease cellular injury
in persons with chronic disease.?!*2%

Studies have shown an increased prevalence of celiac
disease and gluten sensitivity in persons with MS and improve-
ment in neurologic symptoms following adoption of a gluten-
free diet.*2° There is long-standing evidence that cow’s milk
consumption has a role in the development of MS, whereas
lectins (found in grains and legumes) have an apparently
similar contributing mechanism.**3 In contrast, polyphenols
(found in fruits, vegetables, herbs, nuts, tea, red wine, algae,

coffee, chocolate, olives, and olive oil), carotenoids (from
fruits, vegetables, olives, algae, and seafood), polyunsaturated
fatty acids (from nuts, seeds, olive oil, seaweed, and fish),
vitamin D (found in mushrooms, fish, and liver), and elements
such as selenium (found in nuts, fish, and seafood) and zinc
(found in nuts and seeds) have the potential to downregulate
the expression of inflammatory molecules, interfere with cell
signaling, and counteract oxidative stress processes associated
with MS 20213435 The essential minerals, vitamins B (found in
yeast, liver, and vegetables), E (found in nuts, oils, vegetables,
and fruits), and K (found in vegetables and liver), as well as
the antioxidant and energetic cofactors ALA (found in organ
meat, vegetables, and yeast) and ubiquinone (coenzyme Q10;
found in meat, fish, vegetables, and olive oil) are involved
in mitochondrial metabolism and may provide clinical ben-
efit.***¥ These nutrients may combine to protect brain cells and
support the regenerative potential of the brain.*

The Paleolithic (Paleo) diet consists mainly of fish, grass-
fed and pasture-raised meats, vegetables, fruits, fungi, roots,
and nuts; excludes grains, legumes, and dairy products; and
limits refined sugars, starches, processed foods, and oils. In
sum, the Paleo diet is relatively high in vitamins B, D, E,
and K, polyunsaturated fatty acids, coenzyme Q10, a-lipoic
acid, polyphenols, carotenoids, zinc, and selenium, which all
support mitochondrial function in addition to myelin growth
and repair, further outlining why we find this diet suitable
for study.

Previous research has indicated that a Phase I trial of a
multimodal lifestyle intervention (modified Paleo diet, nutri-
tional supplementation, exercise, neuromuscular electrical
stimulation, and stress reduction) improves perceived fatigue
as well as quality of life (QOL) in progressive MS patients.*
To address whether diet alone is effective in reducing fatigue
and improving QOL, we studied individuals with RRMS
using a randomized controlled clinical trial design. The cur-
rent pilot study is unique in that it is the first to evaluate an
MPDI alone as a treatment for MS. We hypothesized that the
MPDI would improve perceived fatigue and QOL as well as
cognitive and motor functions.

Methods

Subjects

The study was approved by the UI and VAMC Institutional
Review Boards and all participants provided written informed
consent (NCT02687919). Nineteen people with neurologist
verified (using the 2001 McDonald criteria) RRMS partici-
pated in this study (mean age: 36.314.7 years).*’ All subjects
were recruited from The University of lowa (UI) mass-email
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system, local databases of the National Multiple Sclerosis
Society, from posters and flyers distributed to neurology
clinics in the Towa City/Cedar Rapids, lowa corridor area
(to include the Towa City Veterans Affairs Medical Center),
and by word-of-mouth. Eligible subjects were between
the ages of 18—45 years, had stable RRMS (defined as no
medication changes within 3 months), were able to walk
25 feet with or without an assistive device, and were on no
other “diets” recommended to treat MS (such as Best Bet,
Swank, McDougall, MS Recovery, Paleo or modified Paleo,
gluten-free, vegetarian, and/or vegan). Subjects were will-
ing to be randomized to diet or “usual care” control groups
and to follow a modified Paleo diet (described as nine cups
of vegetables and some fruits, meat protein including organ
meat, and complete abstinence from products containing
gluten [wheat, barley, rye, etc], dairy, potatoes, and legumes
[beans, lentils, peanuts, soy, etc]).*! Subjects were computer
literate, able to keep Food Logs recording their daily food
intake, and stated they were able to accommodate a possible
30% increase in grocery expenses.

Subjects were excluded if they had any of the following:
cancer, liver disease, kidney disease, diabetes, active heart
disease, heart block or arrhythmias, bleeding disorders,
concurrent diuretic use, anticoagulant or antiplatelet use,
psychosis or other psychiatric disorders likely to impact
ability to comply with study procedures, or any change in
prescription medication for mental health problems such as
depression or anxiety during the 3 months preceding enroll-
ment. Subjects were also excluded if they did not obtain
neurologist verification of their RRMS diagnosis, did not
complete a baseline Automated Self-Administered 24-hour
dietary recall application (ASA-24), or a 2-week Food Diary
before randomization.

Procedure

Subject involvement lasted for 3.5 months. Measurements
were taken at baseline and 3 months after beginning the
protocol arm. A Food Diary was kept by both intervention
and control groups to serve as a 2-week “run-in” task to
ensure subjects would complete food documentation during
the protocol. The Food Diary is a simple food-recording
tool allowing for recording of the type of food and when it
was consumed each day. If the Food Diary was completed
and neurologist verification of RRMS was received, subjects
were randomized into intervention and “usual care” control
group arms. Usual care is defined as the typical physician
recommendations for MS. Random coin flip was used to
determine group assignment for the first five subjects in each

group, then subjects were added to each group according to
Fatigue Severity Scale (FSS) scores, in order to approximately
equalize the groups in terms of mean FSS score. Training for
the intervention group consisted of subject orientation to the
MPDI and maintenance of the Food Log (Figure S1). The
Food Log is a more complex food-recording tool than the
Food Diary, which allows for recording how much of each
food goal category (such as organ meat or leafy green serv-
ings) was consumed each day. The necessity for such a tool
was realized in previous studies due to the complex nature of
the nutritional intervention.*>*! Training for the control group
consisted of reviewing study expectations (maintenance of a
normal diet) and maintenance of the Food Diary (Figure S2).
Both groups were asked to continue their current MS therapy
and/or medications.

Upon commencement of the 3-month diet protocol, all
subjects received one short follow-up phone call per week
for the first 3 weeks, then every other week thereafter. The
purpose of these calls was to provide counseling or assistance
when needed and to ensure subjects accurately maintained a
Food Log (intervention group) or Food Diary (control group)
daily. All subjects were encouraged to contact the research
team to receive additional instruction on any aspect of the
protocol when needed.

Outcome measures

The primary outcome measure was perceived fatigue using
the FSS.#** The secondary outcome measures of physical
and cognitive function included the following: Multiple
Sclerosis Quality of Life (MSQOL)-54 to evaluate QOL,*
Veteran’s Specific Activity Questionnaire (a strong predic-
tor of actual and predicted exercise capacity or Metabolic
Equivalent Tasks [METs]),* MS Functional Composite to
evaluate motor (gait [25-Foot Walk {25-FW}], hand [9-Hole
Peg Test {9-HPT}]) and cognitive function (Paced Audio
Serial Addition Test [PASAT]),* and timed 6-minute walk
(6-MW) to measure gait velocity and endurance (performed
in a 200-foot hallway that included a short low-grade ramp
up and back down at the midpoint).>! These tests and sur-
veys were administered by a trained research assistant who
could not be blinded to group assignment (due to subject
disclosure) or time of test (baseline vs postprotocol). Other
secondary outcome measures included blood serum “mea-
sures” of highly sensitive C-reactive protein (hs-CRP, to
assess subclinical inflammatory activity),’>** homocysteine
(HCY, implicated in pathogenesis of neurodegenerative dis-
orders),>® and vitamins B-1 (thiamine),*¢° B-9 (folate),*'-%2
B-12 (cobalamin),*%* and K,* " all of which play potentially
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important roles in oxidative metabolism, inflammation, and
immune function. Blood was drawn by a phlebotomist, and
serum concentrations were measured in a clinical laboratory
that was blinded to group assignment. Adherence to diet was
assessed utilizing the ASA-24: a free, web-based tool mod-
eled on the Automated Multiple-Pass Method.” > ASA-24
recalls were completed within 3 days of the baseline visit
and were scheduled for 1 and 3 months after beginning the
protocol arm.

Adherence to the MPDI was determined by complete
abstinence from gluten and dairy after baseline ASA-24.
This was done by evaluating output from the Individual
Foods and Pyramid Equivalents (INFMYPHEI) and the
Daily Total Pyramid Equivalents (TNMYPHEI) batched
ASA-24 reports. Corrections were made by line item in the
INFMYPHEI report to remove corn and rice from grain
ounce equivalent totals for individual subjects. When a
question of adherence arose due to nonspecification of a
food as being gluten or dairy containing (a cookie or milk,
for example, in the INFMYPHEI report of a MPDI subject),
Food Logs (intervention group) or Food Diaries (control
group) were consulted. Subjects were removed from the
final analysis if they were not compliant. All but two MPDI
subjects who completed the protocol were found to be adher-
ent to their assigned group. Adherence was defined as MPDI
group subjects not consuming gluten or dairy products after
baseline testing and control subjects continuing to consume
such foods in amounts similar to baseline testing. Incorrectly
coded entries for food items known not to contain gluten or
dairy that were listed as containing one or both of these were
removed from the analysis.

Data analysis

To manage dropouts, per-protocol analysis was used as
the primary outcome analysis to measure efficacy. We also
reported a modified intention-to-treat (ITT) analysis to mea-
sure effectiveness of the MPDI (in subjects for whom we have
postprotocol data).”>’ The modified ITT analysis includes
two subjects who did not adhere to the MPDI protocol. We
used STATISTICA for statistical analysis. Group data are
described by means and standard error. Data were assessed
for normality at baseline using the Kolmogorov—Smirnov
test. Demographic information was compared among sub-
jects assigned to each group and those who withdrew from
each group using a one-way (four groups — control, assigned
controls who withdrew, MPDI, assigned MPDI who with-
drew) analysis of variance (ANOVA). We compared baseline
and postprotocol outcome measures between patient groups

by repeated measures ANOVA. Reported ANOVA results
are group X time interactions unless otherwise stated. For
individual binary (within and between group) post hoc com-
parisons (baseline and postprotocol), we used Tukey’s range
test (reported as post hoc p-values in the “Results” section).
Since this was a pilot study in a relatively small number of
subjects, we did not correct for multiple comparisons in
the repeated measures ANOVAs of the secondary outcome
variables. We considered statistical test results to be signifi-
cant at a level of p<0.05, but we report all p-values <0.1 as
representing potentially important outcomes due to the small
number of subjects.

Results

Subjects

Of 82 individuals assessed for eligibility, 34 were randomly
assigned to the two groups: 17 were allocated to the MPDI
group and 17 to the control group (Figure 1). Baseline demo-
graphic and disease characteristics were similar in both study
groups (Table 1). There were no differences in age (p=0.88),
duration of disease (at the start of study involvement; p=0.26),
or education (p=0.47), among enrolled subjects allocated to
either group who completed the study or withdrew. Study
completion rates were similar across study groups (58.8% for
the MPDI group and 52.9% for the control group from alloca-
tion to protocol end). Subjects withdrew for a variety of reasons
related to difficulty adhering to the study protocol. Three sub-
jects (two from the control group) experienced flare-ups, and
so their participation in the study was brought to an end. Four
subjects (three from the control group) were lost to follow-up;
we do not have reasons for their withdrawal. Subjects who did
not complete the posttraining protocol due to flare-ups, loss to
follow-up, or voluntary withdrawal are included as withdrawals
in Figure 1. No adverse events were reported.

Subjects who withdrew from the study differed from sub-
jects who completed the study protocol. Control subjects who
withdrew performed more poorly on average for 9-HPT (both
dominant and nondominant hands, #-test: p=0.01), PASAT
(p=0.02), and 25-FW (p=0.07). However, these subjects had
higher average vitamin B-12 serum levels (p=0.04) than
control subjects completing the protocol. Subjects assigned
to the MPDI who withdrew early had lower HCY (p=0.02)
and faster average time to complete the nondominant 9-HPT
(p=0.05) than those who completed and adhered to the study
protocol.

There were significant differences between subjects in
the control group vs those in the MPDI group at baseline
for nondominant 9-HPT, PASAT, vitamin B-12, and hs-CRP
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Assessed for eligibility
n=82

Enrollment: 71
subjects were
eligible

Randomization and
assignment

/\

Modified Paleolithic dietary
intervention group

Allocated: 17
Trained: 16

Not trained:1 subject removed
during 2-week run-in period.

Allocation

Usual care (control) group
Allocated: 17

Trained: 15

Not trained: 2 subjects withdrew
during 2-week run-in period.

v v
A 4
Withdrawal Follow-up Withdrawal
(n=6) (n=6)
Nonadherent
(n=2)
A4 v A4
| Analyzed (n=8) | [ Analysis ] | Analyzed (n=9)

Figure | Study flowchart.

Notes: Eighty-two individuals were screened for eligibility using a simple phone script. Seventy-one individuals were found eligible to participate; of these, thirty-one
consented and completed baseline study measurements. Seventeen individuals were allocated to the MPDI, sixteen trained, and ten completed all study procedures. Two
subjects were removed from the analysis due to nonadherence to the MPDI. Seventeen individuals were allocated to the control group, fifteen trained, and nine completed

all study procedures.

(Table 1, p<0.05). There were also differences between sub-
jects in the control and MPDI groups for MSQOL mental
(MSQOL-M) (Table 1, 0.05>p<0.1). For all other measures,
there were no significant differences between groups at base-
line. Average scores for FSS, METs, 25-FW, and 9-HPT (for
both hands) were slightly worse for usual care controls and
MPDI subjects compared to those of comparison healthy
adults. This was expected due to the low disability experi-
enced by individuals diagnosed with RRMS who participated
in this study (Table 1).

Adherence

As determined from ASA-24 and daily Food Logs/Diaries,
average consumption of both gluten and dairy decreased to
zero after baseline for the MPDI group, whereas the control

group subjects maintained a similar range of consumed
ounce and cup equivalents, respectively, of gluten and dairy
containing products throughout the protocol (Table S1).
This indicates that the subjects in the control group main-
tained their usual diet in terms of gluten and dairy products,
whereas the MPDI group subjects adhered to the prescribed
MPDI in that gluten and dairy were not consumed during
the protocol.

Efficacy

Fatigue and quality of life

The primary outcome measure, perceived fatigue associ-
ated with daily activities, decreased in MPDI subjects but
not in controls. Average FSS scores decreased by 1.4 points
in the MPDI group, but increased by 0.2 points in controls
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Table | Baseline characteristics of subjects in control and MPDI groups

Characteristic Control group MPDI group Significant difference Comparison of
p-value (ITT) healthy adult*

Sex

Women:men 8:1 7:1
Age (years)

Mean + SD 37.113.7 35.445.7 0.23 (0.32)
FSS-9

Mean £ SD 4.0+1.2 42+1.6 0.38 (0.47) 2.3+0.77°
METs

Mean £ SD 5.8+2.5 6.1:2.4 0.39 (0.20) 8.2+1.27
25-FW (s)

Mean + SD 4.7+0.5 4.7+0.7 0.48 (0.29) 3.7+1.77
9-HPT (dominant)

Mean £ SD 19.6+2.0 21.0+£3.9 0.19 (0.34) 18.7+1.77
9-HPT (nondominant)

Mean £ SD 20.413.6 24.4+4.5 0.03 (0.10) 20.1+2.07
PASAT (of 60)

Mean + SD 53.245.0 44.9+4.5 0.001 (0.001) 50.4+9.7™
6-MW (m)

Mean £ SD 532.9+56.1 570.1+56.0 0.10 (0.04)
MSQOL-54 (physical)

Mean £ SD 68.1+11.8 67.3+15.2 0.45 (0.45)
MSQOL-54 (mental)

Mean £+ SD 65.5+11.5 74.5+10.8 0.06 (0.06)
B-1 (thiamine) (nmol/L)

Mean + SD 129.5+£36.0 150.8+28.7 0.11 (0.18) 78-185
B-9 (folate) (ng/mL)

Mean £ SD 13.1+£5.9 16.7+3.0 0.11 (0.19)
B-12 (cobalamin) (pg/mL)

Mean £ SD 498.0£153.0 663.1£183.6 0.03 (0.02) 180-914
K (pg/mL)

Mean + SD 1758.3£910.6 1643.4+863.3 0.40 (0.28)
HCY (umol/L)

Mean + SD 9.313.7 9.4+1.8 0.47 (0.37) <15.4
Hs-CRP (mg/L)

Mean £ SD 1.4+1.2 4.4+4.3 0.03 (0.04) 0.1-5

Notes: *Normative laboratory values are specific for methodologies/instrumentation; between laboratories, values can differ; values were obtained from provided citations

or (for serum measures) our testing facility.

Abbreviations: MPDI, modified Paleolithic dietary intervention; ITT, intention-to-treat; SD, standard deviation; FSS, Fatigue Severity Scale; METs, Metabolic Equivalent
Tasks; 25-FW, 25-Foot Walk; 6-MW, 6-minute walk; PASAT, Paced Audio Serial Addition Test; 9-HPT, 9-Hole Peg Test; Hs-CRP, high-sensitivity C-reactive protein; HCY,

homocysteine; MSQOL, Multiple Sclerosis Quality of Life.

(Figure 2A, p=0.03, post hoc: p<0.05 [ITT: p=0.05]). Four
MPDI subjects had average FSS score reductions of more
than 1 point postprotocol (Figure 2B). In contrast, none of
the controls had such large decreases, and two controls expe-
rienced increased FSS scores greater than 1 point.

Mental health QOL improved in MPDI subjects postproto-
col compared to control subjects (Figure 3A and B, p=0.02, post
hoc: p<0.05 [ITT: p=0.02, post hoc: p<0.05]). Despite having
much higher average scores at baseline, the average MSQOL-M
health score for the MPDI group improved by 16.2%, whereas
the average score for the control group decreased by 1.5% post-
protocol. All MPDI subjects demonstrated improved MSQOL-
M health scores of at least 5 points, whereas only three controls
experienced similar improvements (Figure 3B). Similarly,

increased physical health QOL was observed in MPDI subjects
postprotocol compared to controls (Figure 3C and D, p=0.03,
post hoc: p<0.05 [ITT: p=0.06]). All subjects, except D1, in
the MPDI group had improved MSQOL physical (MSQOL-P)
scores, whereas only three control subjects improved (Figure
3D). The majority of control subjects (C2— C5, C7— C8) had
decreased MSQOL-P scores postprotocol (Figure 3D).

MS Functional Composite, motor function, and
exercise capacity

Subjects in both groups demonstrated improved gait function,
but MPDI group subjects tended to improve more than controls.
MPDI subjects decreased 25-FW time after the intervention
by 11.6% on average, whereas controls decreased by only 3%
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A FSS
5
4
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2
1
Control MPDI
Baseline Postprotocol

B Change in FSS
5
4
3
2

o

g 1

(2]

c
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© 2
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-4

C1C2C3C4C5C6C7C8C9D1D2D3 D4 D5 D6 D7 D8

Control MPDI

Figure 2 Mean FSS scores at baseline and postprotocol in control and MPDI groups (A). Each bar represents the mean score from the nine questions of the FSS for each
subject group (abscissa) at baseline (black bars) and postprotocol (crosshatch bars). Error bars indicate + SE. Changes in FSS scores of individual control (C1-C9) and MPDI

(D 1-D8) subjects from baseline to postprotocol (B); * denotes significant difference.

Abbreviations: MPDI, modified Paleolithic dietary intervention; FSS, Fatigue Severity Scale; SE, standard error.

(Figure 4C, p=0.09 [ITT: p=0.20]). Similarly, the MPDI group
improved 6-MW distance by 10.7% at postprotocol, whereas
the control group improved by 5.5% postprotocol compared
to baseline (Figure 4D, time effect: p=0.004 [ITT: p=0.24]).
Subjects in the MPDI group exhibited greater improvements
in fine hand motor function than controls. Greater reductions
in time to complete the 9-HPT with the dominant (Figure 4A,
p=0.02, post hoc: p=0.37 [ITT: p=0.03, post hoc: p=0.14]) and
nondominant (Figure 4B, p=0.05 [ITT: p=0.14]) hands at post-
protocol were observed in the MPDI group compared to sub-
jects in the control group. Both groups demonstrated reduced
time to complete the 9-HPT, but average decreases by MPDI
subjects were 15.1% and 18.2%, whereas controls decreased
by only 3% and 7.4% for dominant and nondominant hands,
respectively. Small improvements of 5.5% and 10.9% from
baseline to postprotocol were observed in PASAT scores of con-
trols and MPDI subjects, respectively (time effect: p=0.01 [ITT:
p=0.003]), but there were no differences between the two groups
(p=0.17 [ITT: p=0.09]). Greater improvements in METs/exer-
cise capacity on the Veteran’s Specific Activity Questionnaire
were seen in MPDI subjects postprotocol compared to controls
(p=0.08 [ITT: p=0.06]). On average, the control group showed
no change from baseline to postprotocol, whereas the MPDI
group reported a 26.5% improvement in METs.

Blood serum measures
Serum levels of vitamin K increased substantially on average
in the MPDI group subjects, but did not change greatly in

controls (Figure 5A, p=0.02, post hoc: p<0.05 [ITT: p=0.04,
post hoc: p<0.05]). Seven of the eight MPDI subjects demon-
strated increased vitamin K serum levels, whereas only three
control subjects (3, 4, and 8) experienced similar improve-
ments. Control group subjects averaged a 3.6% decrease
in vitamin K, whereas the MPDI group averaged a 262%
increase from baseline.

No changes in hs-CRP serum levels were detected in
either group postprotocol (Figure SE, p=0.45 [ITT: p=0.38]).
However, despite starting with much lower hs-CRP, the control
group demonstrated an average hs-CRP serum level increase
of 38.1%, whereas the MPDI group demonstrated a 25%
decrease in average hs-CRP postprotocol compared to baseline.
No differences in homocysteine serum levels were observed
between groups postprotocol compared to baseline (Figure SF,
p=0.87 [ITT: p=0.80]). Both groups demonstrated increased
average HCY postprotocol. The average HCY serum level in
the control group increased by 8% and by 3% in the MPDI
group postprotocol compared to baseline. No differences were
seen in any of the vitamin B serum measures (B-1: Figure 5B,
p=0.99 [ITT: p=0.89]; B-9: Figure 5C, p=0.69 [ITT: p=0.44];
and B-12: Figure 5D, p=0.71 [ITT: P=0.89]).

Discussion

Important health-related improvements in perceived fatigue,
physical and mental health QOL, and dominant hand motor
function were observed along with increased vitamin K
serum levels in the MPDI group compared to the control
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Abbreviations: MPDI, modified Paleolithic dietary intervention; MSQOL, Multiple Sclerosis Quality of Life; MSQOL-M, MSQOL mental; MSQOL-P, MSQOL physical; SE,

standard error.

group postprotocol (p<0.05). Smaller improvements in
exercise capacity, nondominant hand motor function, and
25-FW were also seen in the MPDI compared to controls
postprotocol (p<0.1).

The MPDI appears to reduce perceived fatigue associ-
ated with performing daily activities, which is an important
problem for MS patients contributing to reduced self-effi-
cacy and QOL.'*7>78 We expected to observe such improve-
ments in postprotocol MPDI subjects based on preliminary
results from studies in progressive MS patients.*#!-” How-
ever, these previous studies suggested that a multimodal
intervention including diet, nutritional supplementation,
exercise, neuromuscular stimulation, and stress reduction
may be necessary to reduce fatigue, whereas we observed
improvement with diet alone. Clinically significant improve-

ments in fatigue (more than 2 points reduction on FSS) were
observed in three of the eight MPDI subjects (Figure 2B).%
There were no significant differences in FSS scores between
groups at baseline, but MPDI group subjects demonstrated
improved FSS scores, whereas FSS scores worsened for
control group subjects on average (Figure 2A). This is sig-
nificant as studies suggest there is little evidence supporting
currently prescribed pharmacological treatments to help
persons with MS manage their fatigue, yet these treatments
may result in distressing side effects.?!8? Previous review
studies have also suggested that unhealthy eating patterns
may aggravate fatigue, which may explain the worsened
fatigue in some control group subjects postprotocol.?>%
Consistent with the improvement in perceived fatigue,
the MPDI was also associated with improved mental and
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Figure 4 Average changes in motor tests for each group: dominant hand 9-HPT (A), nondominant hand 9-HPT (B), 25-FW (C), and 6-MW (D).

Notes: Each bar represents the mean time (A-C), or distance walked (D), for the control or MPDI groups in the specified test at baseline and postprotocol. Average times
in two 9-HPT trials with each hand and two 25-FW tests were used. Error bars indicate * SE.

Abbreviations: SE, standard error; 9-HPT, 9-Hole Peg Test; 25-FW, 25-Foot Walk; 6-MW, 6-minute walk; MPDI, modified Paleolithic dietary intervention.

physical health QOL and disease outlook relative to controls.
All MPDI subjects demonstrated improved MSQOL-M
health scores, and all but one exhibited improved MSQOL-P
health scores, whereas controls had variable changes with, on
average, no change in MSQOL-M and -P scores (Figure 3).
Notably, the improvement in MSQOL-M occurred even
though MPDI subjects had much higher scores at baseline
(Figure 3). These findings indicate positive health effects
due to the MPDI, such as improved disease management
and coping, consistent with outcomes from other nonphar-
maceutical interventions, further suggesting the MPDI may
provide relief from declining mental and physical health that
currently prescribed pharmaceuticals do not offer.'>#-%" Fur-
thermore, self-efficacy, the belief in one’s ability to produce
outcomes one wants, is a strong predictor of health behavior
and can be instrumental in modulating the experience of
chronic illness.!*!5

Improved motor function observed in MPDI subjects is
consistent with self-reported improved physical health QOL.
Subjects in the MPDI group exhibited reductions in time to
complete the 9-HPT with both hands, increased distance
walked in the 6-MW test, and showed greater improvements
in gait speed in the 25-FW test relative to controls. Although
part of these improvements were probably due to experience
with the tests, since controls also showed some improvement,
the larger improvements in MPDI subjects are likely related
to the effects of MPDI on QOL and associated increases in
physical activity during the 3 months’ protocol. It is also
possible that the MPDI reduces central nervous system
inflammation, thereby improving nervous system function
and performance on motor and cognitive tasks.38%

The mechanisms underlying the effects of MPDI are
unclear. We measured a number of blood biomarkers that
may be related to disease progression, but only vitamin K
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Abbreviations: MPDI, modified Paleolithic dietary intervention; SE, standard error; HCY, homocysteine.

serum levels were significantly improved by the diet. There
was no evidence of improved serum concentrations of HCY
or B vitamins. The large increases in serum levels of vitamin
K may indicate reductions in oxidative cell and mitochondrial

damage along with reduced inflammation, perhaps contrib-
uting to improved cognitive and motor function, fatigue,
and QOL.%% The increases in serum vitamin K levels seen
only in the MPDI group may also confirm adherence to the
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protocol components of three cups of leafy greens each day
(vitamin K, ) and organ meats (vitamin K).

There was some evidence that the MPDI decreases hs-
CRP serum levels (Figure SE). Although MPDI subjects
experienced, on average, a reduction in hs-CRP serum lev-
els postprotocol compared to subjects in the control group,
who exhibited a 38.1% increase in hs-CRP from baseline,
there were no statistically significant differences due to high
intersubject variability and the small number of subjects.
Overall, hs-CRP serum levels may indicate progression of
disease; however, cultural and ethnic differences, as well
as dietary variability, may influence dietary impact on hs-
CRP2% Some studies demonstrate elevated plasma HCY
levels in MS patients, whereas others report no differences
between MS patients and controls.>**'=°> The slight increase
in HCY seen in subjects assigned to the control group may
represent the disease state of MS (Figure 5F). Future studies
should consider measuring an array of serum proinflamma-
tory cytokines. There are recent reports that more of these
cytokines are elevated relative to healthy controls in pediatric
RRMS patients with diagnosed relapse compared to patients
in remission.”

We expected to observe measureable increases in serum
vitamin B levels as prescribed components of the MPDI are
significant sources of B vitamins. However, no significant
differences were seen in any of the vitamin B serum levels
postprotocol compared to baseline. This may be due to incom-
plete adherence to the diet as yeast (the most concentrated
source of B-1) and liver (a very high source of B-12 and the
most concentrated source of B-9) consumption were not req-
uisite to achieve dietary adherence for our analysis and were
found through phone check-ins to be less tolerated than other
aspects of the MPDI.*° This might explain why both groups
essentially maintained their baseline vitamin B serum levels,
but it is not clear why the MPDI group had slightly reduced
serum levels of the studied B vitamins (Figure 5B-D).
Grains, which were restricted in the MPDI, are also signifi-
cant, concentrated sources of B-1 and B-9, and it has been
demonstrated that serum levels of thiamine, folate, and HCY
are sensitive indicators of dietary B-1 and B-9 intake.'?1%
Our results demonstrate that abstaining from grains did not
negatively affect vitamin B levels in MPDI subjects. This
finding also likely contributes to the maintenance of HCY
levels from baseline to postprotocol for the MPDI group as
HCY is strongly linked to folate status.!®* Recent research
also demonstrates an effect of diminishing returns for vitamin
B-12 such that increased intake does not lead to increased
serum levels.!%1% The same is true for serum folate levels

given our laboratory testing protocol.'® """ The interaction
of'these factors serves to explain the essentially null findings
regarding serum vitamin B measures.

Limitations

The high number of subject withdrawals observed is consis-
tent with previous studies and is likely due to the difficulty
of lifestyle interventions.!'>!'* The monetary costs associ-
ated with purchasing food for the MPDI can be substantial,
although more recent iterations have used cooking classes and
education to make diet adherence possible for those with lim-
ited financial means. Subjects are self-selected for the current
study based on their ability to afford a potential 30% increase
in food costs, perhaps demonstrating a socioeconomic bias.!
This bias may limit the application of treatment to individu-
als who are better educated and more affluent and may also
reflect current diagnostic and treatment biases in persons who
have received MS diagnoses. It is worth noting that 72.7%
of all enrolled subjects received at least a bachelor’s degree,
in contrast to the 20.2% of Americans who have received a
bachelor’s degree.!!?

Of course, no diet can be completely exclusive of “for-
bidden” items in the context of subject-directed meal plan-
ning and eating. It is unlikely that any recall tool, including
the ASA-24, is well-suited for detecting minute sources of
gluten or dairy consumed, for instance, in the context of a
dinner away from home. The ASA-24 also does not have
qualifiers for nondairy milk sources (such as almond or
coconut milks) or gluten-free versions of common foods
(such as pizza or pasta). Another limitation of the ASA-24
is its inability to detect foods that may or may not contain
gluten or dairy (such as granola). Additionally, since the
ASA-24 is a self-reporting tool, an individual may not feel
compelled to list an item “only nibbled on”, such as a bite
of a child’s dinner or a spouse’s dessert, reflected by occa-
sional subject admissions during phone interviews. How-
ever, subjects were encouraged to “cheat smart” choosing
nongluten grains and vegetable starches over the craving
for a cheesy, glutinous pizza, for example. This approach
increases the usefulness of such a prescribed treatment as
it takes into account the realistic shortfalls of human self-
control. These deviations from the assigned protocol, if thor-
oughly evaluated, may serve to demonstrate a dose—response
associated with increased adherence to the protocol and
would strengthen the validity of our work. Furthermore,
the ASA-24 is only as good as the data programmed into
it. We did find entries for food items known not to contain
gluten or dairy (Clif bars, for example) that were listed as
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containing these components. These foods were removed
from our analysis, but could affect the results by making
the subject appear more or less adherent.

Lack of blinding of research personnel administering
the various cognitive and motor tests to the subject groups
is a clear limitation of this research. Future investigations
should use different evaluators at baseline and postprotocol
and strongly warn subjects prior to the posttest that they
should not discuss their diet with the evaluator. Addition-
ally, there may be a placebo effect with retesting of subjects,
especially in individuals selected to the MPDI as they may
be more motivated to perform well than their counterparts in
the control group. Controlling for placebo effect in dietary
interventions is difficult and typically utilizes a pill or control
diet in an attempt to simulate complex lifestyle changes.!!®!!”
However, unless we remove the pharmacologic and/or nutri-
tional components of a drug or food from study, it cannot
be said that we have truly isolated the intervention under
study; of course, this is impossible in the study of nutrition.!'”
However, previous studies have shown that placebos can
offer measurable changes in health and do not detract from
therapeutic potential.''®'?? Similarly, lack of expectation of
positive effects in the control group may have contributed
to smaller changes due to experience with the tasks than in
the MPDI group.

Use of per-protocol analysis as the primary statistical
analysis may also be viewed as a limitation because of the
potential to bias results and interpretation. However, our pri-
mary interest in this study was to evaluate potential efficacy
in subjects who adhered to the MPDI relative to those who
maintained their usual diet. Including subjects who did not
adhere to the study diet would not provide a clear answer to
whether the diet can be efficacious. By including results of
an ITT statistical analysis, we have provided information
relevant to design of a larger trial of the modified Paleo diet
to evaluate the overall effectiveness of the dietary interven-
tion in MS.

Conclusion

Our results demonstrate statistically significant health-related
improvements in perceived fatigue, MSQOL-M and -P health
scores, serum levels of vitamin K, and dominant hand 9-HPT
along with improved nondominant 9-HPT, METs, and 25-FW
in MPDI subjects postprotocol compared to the control group.
These results are consistent with the results of previous
studies evaluating complementary and alternative medicine
interventions as well as approaches that put the patient in
control of treatment for his/her illness.!>!

These findings may support a Paleo diet as a potential
treatment for patients with RRMS or as an addition to
currently available therapies. The observed reductions of
perceived fatigue, increases in serum vitamin K (a proxy
for reductions in oxidative cell and mitochondrial damage),
and improvements in exercise capacity, mental and physical
QOL, and motor function suggest using a Paleo diet may
improve overall well-being in individuals diagnosed with
RRMS. However, further studies with larger sample size,
dietary change of longer duration, and blinding of research
personnel to subject groups are necessary to conclusively
assess the effects of the MPDI. Additional work evaluating
variations in levels of adherence to the diet might produce
results further defining the required “dosage” of this dietary
intervention for MS.
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Supplementary materials

Date: Pain: 12345678910 Fatigue: 12345678910 Study ID Office use
Servings Servings  Servings Servings Servings Servings Servings Servings Servings
6 6 6 6 6 6 6 6 Goal: 6
5 5 5 5 5 5 5 5 5
4 4 4 4 Max: 4 4 Goal: 4 Goal: 4 4
Goal: 3 Goal: 3 Goal: 3 Goal: 3 3 3 3 3 3
2 2 2 2 2 2 2 2 2
1 1 1 1 1 Goal: 1 1 1 1
Colors Leafy  Sulfur-rich  Animal protein Or Nuts Seaweed Blue-green Omega-3 Nutritional
(3 different) greens (2 oz/meal) algae Yeast
1svg=1Cfresh, q1syg= 1svg=1C 1svg=20z 1svg=120z 1svg=1/4tsp 1svg=1/4 1svg=12 1svg=1/2
frozen, or cooked 2 Crawor rawor raw, sprouted  powder or flakes tsp tbs tbs
1Ccooked cooked
« Green Organ meat 12 Almond, Dulse, chlorella, Blue-green Qil: flax,
. Red oz/wk sunflower, kelp spirulina hemp,
walnut walnut
« Blue/Black/Purple
* Yellow/Orange Approved milks Dairy Gluten-free grains/starches Gluten Eggs
1svg=1C 1svg=1C 1svg=1Cor1slice 1svg=1C 1svg=1egg
or slice
Almond, Cow/goat milk or  Aramanth, buckwheat, chia,  Barley, rye,
coconut, hemp  products millet, quinoa, rice, teff wheat
rice, soy starchy fruits & vegetables
Activity Servings Servings Servings Servings Servings
Length (limit 2 per/wk)
(hr, min)

Figure S| Food Log.
Abbreviations: C, cup; svg, serving; tbs, tablespoon.
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Pain: 123456789 10 Fatigue:1 2345678910

Date: Mon Tues Wed Thurs _ Fri Sat Sun
Time Food/Beverage Amount
Activity: Length: (hrs, mins)

Notes:

Figure S2 Food Diary.
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Table S| Adherence

Subject Gluten grains (baseline) I month Postprotocol  Dairy (baseline) I month Postprotocol
Cl 6.62 1.54 2.54 1.07 0.18 1.42
C2 3.50 8.86 3.44 1.18 0.07 0.12
c3 5.06 5.21 3.05 1.30 1.34 1.76
c4 0.00 1.18 0.00 0.00 0.01 0.00
C5 I.16 422 7.04 0.67 223 232
Ceé 6.14 3.96 13.63 0.17 1.40 1.09
c7 13.30 793 2.57 1.42 1.59 0.47
c8 1.97 1.85 4.12 0.98 0.71 0.0l
c9 591 0.10 13.10 1.13 0.26 1.02
Mean 4.85 3.87 5.50 0.88 0.87 0.91
SE 1.40 1.08 1.70 0.18 0.28 0.29
DI 4.48 0.00 0.00 0.98 0.00 0.00
D2 5.25 0.00 0.00 2.54 0.00 0.00
D3 3.14 0.00 0.00 11.05 0.00 0.00
D4 6.66 0.00 0.00 1.46 0.00 0.00
D5 3.23 0.00 0.00 0.46 0.00 0.00
Dé 1.32 0.00 0.00 1.10 0.00 0.00
D7 7.44 0.00 0.00 1.38 0.00 0.00
D8 4.89 0.00 0.00 0.71 0.00 0.00
Mean 4.55 0.00 0.00 246 0.00 0.00
SE 0.75 0.00 0.00 1.33 0.00 0.00

Notes : Total consumed gluten-containing grains and dairy reported by individual control (C1-C9) and MPDI (D 1-D8) subjects from baseline, | month, and postprotocol
ASA-24 recalls. Values in ounce equivalents for gluten-containing grains and cup equivalents for dairy were collected from Individual Foods and Pyramid Equivalents
(INFMYPHEI) and Daily Total Pyramid Equivalents (TNMYPHEI) batched ASA-24 reports. Ounce equivalents are quantities of foods that count as one ounce of that food
toward daily recommended intake (eg, one slice of bread, one cup of ready-to-eat cereal, or half cup of cooked rice).

Abbreviations: MPDI, modified Paleolithic dietary intervention; SE, standard error; ASA-24, Automated Self-Administered 24-hour dietary recall.
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