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Abstract

Objective: To compare the effect of the modified Paleolithic elimination (Wahls) and low-saturated fat
(Swank) diets in relapsing-remitting MS (RRMS).

Methods: Individuals (n=87) with RRMS were randomized to the Swank or Wahls diets in a parallel
group clinical trial consisting of four timepoints: 1) run-in, 2) baseline, 3) 12-weeks, and 4) 24-weeks.
Results: 77 participants completed 12 weeks and 72 completed 24 weeks. The 12-week change from
baseline in fatigue was -0.94 +0.18 (FSS) and -9.87 4+ 1.93 (MFIS; both p < 0.0001) for Swank, and
-0.71 £0.24 (FSS; p=0.004) and -14.41 4+ 2.22 (MFIS; p < 0.0001) for Wahls. Physical MSQoL scores
improved by 6.04 +2.18 (p=0.006) for Swank and by 14.5+2.63 (p <0.0001) for Wahls. Mental
MSQoL scores improved by 11.3 +£at 2.79 (p < 0.0001) for Wahls while the Swank did not change
(3.85+£2.63; p=0.14). Neither group showed significant changes in 6-minute walking distance at
12 weeks. All outcomes were maintained or further improved at 24 weeks.

Conclusions: Both diets were associated with clinically meaningful within-group reductions in fatigue
and improvements in QoL.
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Introduction

Multiple sclerosis (MS) is a chronic immune-
mediated neuroinflammatory condition that affects
nearly one million people in the United States.'
Fatigue is one of the most common and debilitating
symptoms,” and is associated with increased disabil-
ity and reduced quality of life (QoL).?
Pharmacological treatment options for MS-related
fatigue have limited efficacy®; thus, many individu-
als with MS seek non-pharmacologic therapies to
reduce their fatigue burden.

Despite a lack of consistent evidence for any specific
therapeutic diet for MS,” surveys observe that half of
individuals with MS report implementing dietary

modifications.®” Due to the lack of evidence dem-
onstrating diet intervention-related reduced disease
activity’ and the limited role of the neurologist in
providing dietary recommendations,® people newly
diagnosed with MS receive little dietary advice’
which forces this information to be sought from
internet sources that are often not evidence-
based.'” Two dietary approaches with supporting
preliminary evidence are the low-saturated fat diet
developed by Dr. Swank and the modified
Paleolithic diet developed by Dr. Wahls.”

Based on epidemiological evidence that regions with
higher saturated fat intake experience higher inci-
dences of MS,'" Swank began recommending his
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patients consume a low saturated fat diet,'* and fol-
lowed them for up to 50years.'> His studies
observed that patients who consumed the least
amount of saturated fat were less likely to have exac-
erbations, more likely to continue to ambulate, and
had reduced risk of mortality.'*'> In recent years,
randomized controlled trials using plant-based and
omega-3 supplemented low-fat diets have demon-
strated favorable outcomes on fatigue and QoL
among individuals with RRMS.'®!7

Wahls believed that a Paleolithic-based diet that
eliminated specific dietary antigens (gluten, casein,
and lectins) and maximized micronutrient density
could optimize health and prevent disease progres-
sion. In a single-arm study using this dietary
approach as part of a multimodal intervention,
improvements in fatigue, QoL, and gait, were
observed in half of a cohort with progressive
MS."# Due to the multimodal intervention in that
study it was not possible to determine the effect
attributable to the diet; however, two small follow-
up randomized, controlled trials comparing the mod-
ified Paleolithic diet to usual diet demonstrated
favorable outcomes for fatigue and QoL among indi-
viduals with progressive or RRMS.***!

Both the low-saturated fat and modified Paleolithic
diets are popular among individuals with MS®; how-
ever, due to a lack of data from high-quality random-
ized controlled trials, it is not possible for either of
these diets to be recommended in clinical practice.
The objective of this study was to assess and com-
pare the effect of the Swank and Wahls diets on
perceived fatigue and QoL in individuals with
RRMS.

Participants and methods

Study design and participants

This 36-week, randomized, parallel-group, single-
blinded trial was conducted at the University of
Iowa Prevention Intervention Center, with partici-
pant recruitment taking place from August 2016 to
May 2019 and follow-up from February 2017 to
January 2020. The trial protocol®* was approved
by the University of lowa Institutional Review
Board. Written and informed consent was obtained
from all participants, and data safety and manage-
ment of the trial was monitored by a National
Multiple Sclerosis Society (NMSS) data safety mon-
itoring board. This trial followed the Consolidated
Standards of Reporting Trials (CONSORT) report-
ing guidelines.?

Participants were recruited from within a 500-mile
radius of lowa City, lowa. The research team worked
with local NMSS support groups, regional MS cen-
ters, the North American Research Committee on
Multiple  Sclerosis, the University of Iowa
Hospitals & Clinics Department of Neurology, the
Iowa City VA Health Care System neurology clinic,
the Swank Foundation, terrywahls.com, and other
organizations to recruit study participants.

Participants aged 18-70years were eligible for
enrollment if they had: 1) neurologist-confirmed
RRMS based on the 2010 McDonald criteria,** 2)
moderate to severe fatigue (FSS > 4.0), 3) an ability
to walk 25 feet with unilateral or no support, 4) were
not pregnant or planning on becoming pregnant, and
5) were willing to comply with all aspects of the
study intervention and assessments. Major exclusion
criteria included: 1) MS-relapse or change in disease
modifying drug use within the previous 12 weeks, 2)
change in medication to manage MS symptoms, 3)
low body weight (BMI< 19kg/m?), 4) severe
mental impairment, 5) self-reported adverse reac-
tions to gluten-containing foods, 6) diagnosed con-
ditions including eating disorders, severe psychiatric
disorders, celiac disease, kidney stones, heart failure,
angina, or liver cirrhosis, and 7) insulin, warfarin,
radiation, or chemotherapy use. An exhaustive list
of inclusion and exclusion criteria can be found in
Supplemental Table 1 or the published protocol.*
The study consisted of four study visits for data col-
lection: 1) run-in, 2) baseline, 3) 12-weeks, and 4)
24-weeks. Eligible participants were enrolled in a
12-week run-in phase for observation prior to treat-
ment randomization at baseline. Participants who did
not complete all study procedures during the run-in
phase were excluded from the study.

Randomization and masking

Eligible participants were randomized 1:1 to follow
either the modified Paleolithic elimination (Wahls)
or low-saturated fat (Swank) diet at baseline. Two
randomization tables were used to achieve similar
mean FSS values at baseline—one for moderate per-
ceived fatigue (FSS > 4 and < 5.5) and the other for
high perceived fatigue (FSS > 5.5). Password-
protected randomization tables were accessible
only by the intervention registered dietitians (RDs).
Study participants, intervention RDs, and the statis-
tician overseeing randomization and data manage-
ment were not masked to treatment randomization.
The study principal investigator, co-investigators,
study coordinator, data analysis statistician, and out-
come assessors were masked to treatment

www.sagepub.com/msjetc



Wabhls et al.

randomization. All analyses were performed by the
masked statistician (PTE) with groups coded “X”
and “Y” and then decoded by the unmasked statis-
tician (LMR).

Procedures

Following a 12-week run-in period for observation
of usual diet and stability of pre-intervention out-
comes, participants were randomized to either the
Wahls or the Swank diets for 24 weeks. During the
first 12weeks post-randomization, participants
received two in-person and five telephone-based
nutrition counseling sessions from an intervention
RD. Participants also received personalized emails
with feedback on their diet checklists every 4 weeks.
At week 12 of the intervention period, in-person and
telephone counseling sessions were discontinued,
but participants were allowed to contact the inter-
vention RD at any time for additional support.

Intervention diets

The Swank diet restricts saturated fat to < 15 g per
day and provides 20-50 g (4-10 teaspoons) unsatu-
rated fat per day and four servings each of grains,
whole preferred, and fruits and vegetables (FV;
Supplemental Table 2). The Wahls diet recommends
6-9 servings of FV and provides 6-12 ounces meat
per day according to gender. It excludes all grain,
legumes, eggs, and dairy (except for clarified butter
or ghee). Nightshade vegetables were also excluded
in the Wahls group during the first 12-week period
from baseline and then the intervention RDs provid-
ed guidance to reintroduce nightshades during the
second 12-week period on the diet. A review of
the published research and potential mechanisms of
both diets can be found elsewhere.” Participants in
both groups were instructed to follow their assigned
diet ad libitum and were given the following daily
supplement regimen: 1 teaspoon cod liver oil,
1,000 pg methyl-B;,, 1,000 pg methylfolate, a mul-
tivitamin without iron, and 5,000 IU vitamin D5, the
latter of which was adjusted based on serum levels
with a target range of 40 to 80 ng/mL.*?

Outcomes

The primary endpoint of the trial was the change in
perceived fatigue from baseline to 12weeks as
assessed by the Fatigue Severity Scale (FSS).
Secondary endpoints included perceived fatigue
assessed by the Modified Fatigue Impact Scale
(MFIS), mental and physical QoL assessed by the
Multiple Sclerosis Quality of Life-54 (MSQoL-54),
and the 6-minute walk test (6MWT) and an addition-
al 12-week follow-up period. Clinically meaningful
changes were defined as 0.45 for FSS,° 4.0 for

MFIS,*® 5.0 points for both mental and physical
MSQoL-54,7 and 6% change for 6MWT.*®
Adherence to diet specific food components (i.e.,
grams of gluten for the Wahls group and grams of
saturated fat for the Swank group) was monitored
using three-day weighed food records collected on
three consecutive days including one weekend day
in the week prior to each study visit and were ana-
lyzed at the University of Minnesota Nutrition
Coordinating Center using Nutrition Data System
for Research software.

Statistical analysis

The trial was powered to detect a group mean dif-
ference of 0.74+0.9 for FSS within and between
groups. With two-sided significance set at o0 =10.05
and power of 85%, we determined the required
sample size to be 34 participants per group.
Assuming 25% attrition based on our previous expe-
rience, we aimed to recruit 43 participants per group.

Descriptive statistics were calculated for every var-
iable at enrollment using frequencies, means = stan-
dard error (SE), and medians (interquartile range).
Outliers were checked for accuracy and possible
data entry errors. Distributions of continuous varia-
bles were evaluated for normality by graphical
observation. Generalized linear mixed models®
were used to test the interacting effects of diet and
time on outcome measures while accounting for
repeated measures for each participant. Other poten-
tially important variables (age, sex, BMI, smoking
status, alcohol consumption, walking assistance,
years since MS diagnosis, disease modifying drug
use, baseline vitamin D, baseline six-minute walk
distance) were considered for inclusion in each
model to assess their relationship with the outcome
and whether they modified the estimates for the diet
and time interaction. For each outcome, the model
with the smallest Akaike information criterion
(AIC)*® was deemed to have the optimal predictor
set. Point estimates, 95% confidence intervals, and
p-values of the group mean changes in outcome
measures over visits were generated for each optimal
model. For primary data analysis, data from all par-
ticipants completing 12- and 24-week assessments
were included in an intention-to-treat analysis. A
secondary per-protocol analysis was used to examine
the participants who successfully met study compli-
ance requirements for their assigned diet interven-
tion. Participants were included in the per-protocol
analysis if weighed food records indicated that they
consumed within 20% of recommendations for key
diet components (< 0.2 grams of gluten or < 18
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grams of saturated fat for the Wahls or Swank diets,
respectively) on a minimum of two of three food
records at 12 weeks. All analyses were conducted
with two-sided tests (a=0.05) using SAS software
(version 9.4, SAS Institute, Inc.).

Results

A total of 95 participants enrolled in the 12-week
run-in period, of whom 8 were excluded for not pro-
viding complete study logs during the run-in period
(Figure 1). Of the remaining 87 randomized partic-
ipants, 43 were randomized to the Wahls diet and 44
to the Swank diet. There were no significant group
differences at baseline (Table 1) and baseline out-
come values were largely stable compared to run-in
values (Table 2). A total of 77 participants (39
Wahls and 38 Swank) completed the primary end-
point at 12 weeks and 72 (35 Wahls and 37 Swank)

adverse events were reported. Diet adherence was
high for both groups. At 12 weeks, 86.8% (33 of
38) of the Swank group and 79.5% (31 of 39) of
the Wahls group participants were considered adher-
ent to the respective study diets and were included in
the secondary per-protocol analysis. At 24 weeks,
diet adherence was 81.1% (30 of 37) for the
Swank group and 74.3% (26 of 35) for the Wahls

group.

Significant mean reductions from baseline were
observed in the primary outcome of FSS at both
12 and 24 weeks for the Swank (-0.944+0.18 and
-1.01 +0.24, respectively; p < 0.0001 for both)
and Wahls (-0.71£0.24 and -1.31£0.29, respec-
tively; p < 0.004 for both) groups, which exceeded
the clinically meaningful threshold, defined as 0.45
FSS points,*® at all time points (Figure 2(a)). There
were no differences in the magnitude of 12- and 24-

completed follow-up at 24weeks. No serious week FSS changes between groups. In addition, both
Screend
N =2348
Ineligible (n = 1637)*
Out of recruitment area (n = 555)
Adverse reaction to gluten (n = 362)
. . No RRMS diagnosis (n = 259)
]slig;lille Unable to walk 25 feet (n = 182)
_ Conflicting other diagnosis (n = 181)
Excluded (n = 616)* Participating in other research (n = 109)
No response to follow-up (n = 388) Unwilling to fOﬂll()W study diets (n = 83)
Unable to follow study protocol (n = 154) BMI <19 kg/m” (n=71)
Declined participation, no reason (n = 89) Age <18 or >70 (n=23)
Unexpected life event (n = 16) Run-in
Personal physician refusal (n = 2) Usual diet
n=95
Excluded (n = 8)
Incomplete study logs (n = 8)
Baseline
Randomized
Wahls n=87 Swank
n=43 n =44
Dropped out (n =4) Dropped out (n = 6)
Family issues (n = 2) Family issues (n=2)
| Non-MS illness (n=1) Lost to follow-up (n = 2)
Schedule (n=1) Glissues (n=1)
Schedule (n=1)
Wahls 12-weeks Swank
n=39 Primary endpoint n=38
Dropped out (n = 4) Dropped out (n = 1)
——  Lost to follow-up (n = 3) Family illness (n=1) —
Non-MS illness (n = 1)
Wahls 24-weeks Swank
n=35 Follow-up n=37

Figure 1. CONSORT diagram of study recruitment and participant flow. Reasons for ineligibility or exclusion may not
add up to value of ineligible or excluded because some participants were found ineligible or were excluded for multiple

reasons.
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Table 1. Baseline characteristics of participants who completed a 12-week intervention of the Swank or
Wahls diets.?

groups had significant reductions in MFIS, the 12-
and 24-week mean differences for the Swank group
were -9.87+£1.93 and -10.5 £ 2.46, respectively (p
< 0.0001 for both) and for the Wahls group were
-14.44+222 and -19.1 £2.66, respectively (p <
0.0001 for both), which exceeded the clinically
meaningful threshold, defined as 4.0 MFIS
points,®® at all time points (Figure 2(b)). The
Wabhls group experienced a 24-week MFIS mean
reduction that was significantly greater than the
Swank group (p=0.02).

Significant improvements occurred in both the
mental and physical MSQoL-54 subscales for each
group. Among the Swank group, the 12-week mental

MSQoL-54 mean difference (3.85 +2.63; p=0.14)
did not achieve clinical significance defined as 5.0
MSQoL points,?” though the 24-week difference
(5.87£2.65; p=0.03) did achieve clinical signifi-
cance (Figure 2(c)). The Wahls group had a clinical-
ly meaningful mean difference in mental MSQoL-54
scores at both 12 and 24 weeks (11.3+£2.79 and
14.0 £3.15, respectively; p < 0.0001 for both),
which were significantly greater than the 12- and
24-week differences experienced by the Swank
group (both time periods p = 0.05). The 12- and
24-week mean differences in physical MSQoL-54
scores were clinically meaningful for both the
Swank (6.04 £2.18 and 9.25+2.12, respectively;
p < 0.006 for both) and the Wahls (14.5+2.63
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Table 2. Fatigue and QoL values among participants with RRMS assigned to the Swank or Wahls dietary
interventions.”

and 17.24 +2.84, respectively; p < 0.0001 for both)
groups, which exceeded clinically meaningful
threshold at all time points (Figure 2(d)). The
Wahls group had 12- and 24-week physical
MSQoL-54 mean improvements that were signifi-
cantly greater than those experienced by the Swank
group (both time periods p < 0.05).

Neither group experienced significant improvements
in distance walked during the 6MWT at 12 weeks
(Table 2). The 12-week mean differences were
3.7+£5.5 meters for the Swank group (p=0.50)
and 9.3+7.8 meters for the Wahls group
(p =0.23). By 24 weeks, the mean difference from
baseline for the Swank group did not change (10.0 £
6.7 meters; p=0.13), whereas the Wahls group
walked 36.6 + 13.5 meters further compared to base-
line distance (p=0.007) and achieved clinical sig-
nificance defined as 6% change®® (Figure 2(e)).
After removal of non-adherent participants in the
secondary per-protocol analysis, the 24-week mean
difference within each group was significant at
18.6 £5.7 meters for the Swank group (p=10.001)

and 39.9+16.3 meters for the Wahls group
(p=0.02; Supplemental Figure 1).

Significant within-group 12- and 24-week mean
improvements were observed in all outcomes
assessed for the Wahls group and nearly all out-
comes for the Swank group (Table 2). In the primary
analysis, 47.4% (mental) and 50.0% (physical) of
participants in the Swank group experienced clini-
cally meaningful improvements in QoL while
68.4% (mental) and 60.5% (physical) of partici-
pants in the Wahls group experienced clinically
meaningful improvements in QoL (p>0.05 for
both; Table 3). However, after removal of non-
adherent participants in the secondary per-protocol
analysis, the percentage of participants at 12 weeks
who achieved clinically meaningful improvements
in the mental MSQoL-54 subscale was higher in
the Wahls group (74.2%) compared to the Swank
group (45.5%; p=0.02). In addition, in the primary
analysis the proportion of participants at 12 weeks in
the Swank group that experienced clinically mean-
ingful reductions in fatigue was 59.5% (FSS) and
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Figure 2. Change from baseline for (A) Fatigue Severity Scale (FSS), (B) total Modified Fatigue Impact Scale (MFIS),
(C) Multiple Sclerosis Quality of Life-54 (MSQoL-54) mental, (D) MSQoL-54 physical, and (E) 6-minute walk test
among study participants with RRMS randomized to either the Swank diet (grey bars) or the Wahls elimination diet
(black bars) for 24 weeks. The dashed lines represent thresholds of clinically meaningful changes. Statistical significance
determined by generalized linear mixed models, statistical significance is represented by *=p < 0.05, **=p < 0.01,

*E—=p < 0.001.

73.7% (MFIS) compared to 56.8% (FSS) and
76.3% (MFIS) of participants in the Wahls group
(p>0.05 for both). No individuals in the Swank
group and 5.4% of individuals in the Wahls group
achieved clinically meaningful improvements in the
6MWT at 12 weeks (p=0.49). For all outcomes, the
proportion of participants that experienced clinically
meaningful improvements was lower at 24 weeks
compared to respective values at 12 weeks.
Additional results of the secondary per-protocol
analysis can be found in Supplemental Table 3.

Discussion

The findings from this trial confirm those of prelim-
inary trials that the Wahls and Swank diets are asso-
ciated with significant reductions in fatigue and
improvements in QoL among RRMS participants.

In both diet groups, between 1/2 to 3/4 of partici-
pants reported clinically meaningful reductions in
fatigue, depending on the scale used, at 12 weeks
and were maintained by most individuals at
24 weeks despite receiving no active RD support in
the final 12 weeks. In the Wahls group, the 12-week
change in FSS scores (-0.71 + 0.24) is approximate-
ly half the magnitude compared to findings from the
12-week preliminary trial’’; however, the 24-week
change in FSS scores in this study (-1.31 £0.29) is
similar to the preliminary findings. Similarly, the 12-
and 24-week FSS differences among the Swank
group (-0.94+£0.18 and -1.01 40.24, respectively)
confirm the three- and six-month changes observed
in the plant-based low-fat diet preliminary trial.'”
Furthermore, FSS changes in both groups are similar
to those observed in pharmacological interventions
for MS-related fatigue,® suggesting significant
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Table 3. Percent (95% CI) of participants with clinically meaningful improvements in fatigue and MSQoL scores at 12 and 24
weeks compared to baseline.

benefit of these two dietary interventions for MS-
related fatigue.

Given fatigue is inversely associated with QoL
among individuals with MS,* it is not surprising
that significant improvements in QoL were also
observed in this study. The 12-week change in
mean values from baseline in both mental and phys-
ical MSQoL-54 scores among the Wahls group
(11.34+2.79 and 14.5 4+ 2.63, respectively) confirm
preliminary findings.”® The Swank group experi-
enced greater improvement in the physical compared
to the mental MSQoL-54 subscale, which corre-
sponds well to preliminary findings.'®'” These find-
ings demonstrate that adoption of the Swank or
Wahls diets is associated with reduced fatigue and
improved QoL for up to 24 weeks.

High diet adherence was observed in both groups at
12 and 24 weeks, demonstrating that these dietary
approaches can be adopted with RD support and
then maintained without support. The mechanism
by which diet affects MS-related fatigue and QoL
is not known; however, results from preliminary
trials suggest that modulation of inflammation or
oxidative stress is likely.'”° In addition, two trials
show that dietary modification improves the mass
and diversity of the gut microbiota in people with
MS.*!*? Evidence suggests that people with MS

have reduced mass and diversity of their gut micro-
biota compared to healthy controls,®' which likely
promotes inflammation.*® There are currently no
studies investigating changes in inflammatory pro-
files or gut microbiota following adoption of the
Swank or Wahls diets; however, both diets are rich
in fiber and plant-derived phytochemicals that are
known to be beneficial to the gut microbiota®* and
modulate neuroinflammation.’”

Due to the significant and consistent improvements
observed in both groups in this study, it is important
to consider how these two diets are similar rather
than how they differ. Both diets include recommen-
dations for high intake of fruits, vegetables, and
unsaturated fats and for limited intake of highly
processed foods. These recommendations are consis-
tent with diet quality indexes that are associated with
reduced symptom burden in observational studies.*®

The consistency of run-in and baseline values, sim-
ilar conclusions from the primary and secondary
analyses, and the use of a blinded statistician are
strengths of this study. This study is limited by the
short duration of the intervention, the use of
participant-reported data for primary and secondary
outcomes, lack of racial/ethnic diversity in the study
participants, the lack of a usual diet comparison
group, and that dietary adherence was not evaluated
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with a biomarker. Due to these limitations and the
wide range of exclusion criteria for this study, the
generalizability of the observed findings is limited to
fatigued individuals with RRMS.

The observation that both dietary approaches in this
study are associated with significant reductions in
fatigue and improvements in QoL greatly benefits
the MS community in that it allows for patient pref-
erence for either diet and suggests that the benefits
of dietary approaches are due to underlying mecha-
nisms rather than unique characteristics of specific
diets. This study was unable to show significant
improvements in the 6-minute walk test at 12-
weeks; however, the Wahls group in the primary
analysis and both groups in the secondary analysis
showed significant increases in meters walked
during the 6MWT at 24-weeks. It is possible that
walking endurance takes longer to develop than
participant-reported outcomes such as fatigue and
QoL with dietary interventions. The results from
this study provide justification for future randomized
controlled trials with larger sample sizes and longer
duration to evaluate changes in brain MRI-evaluated
disease activity and exploration of underlying mech-
anisms by which diet may affect the MS
disease course.
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