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Abstract: The low-saturated fat (Swank) and modified Paleolithic elimination (Wahls) diets have
shown promise for MS symptoms; however, due to their restriction of specific foods, inadequate
intake of micronutrients is concerning. Therefore, as part of a randomized trial, weighed food rec-
ords were collected on three consecutive days and were used to evaluate the intake of micronutri-
ents among people with relapsing remitting MS adapting these diets. After randomization to either
the Swank or Wahls diets, diet education and support was provided by registered dietitians at base-
line and throughout the first 12 weeks of the intervention. Usual intake of each micronutrient was
estimated and then evaluated with the EAR-cut point method. At 12 weeks, the Swank group had
significant reductions in the proportion with inadequate intake from food for vitamins C, D, and E,
while the Wahls group had significant reductions for magnesium and vitamins A, C, D, and E.
However, the proportion with inadequate intake significantly increased for calcium, thiamin, and
vitamin Bi2 in the Wahls group and for vitamin A in the Swank group. Inclusion of intake from
supplements reduced the proportion with inadequate intake for all micronutrients except calcium
among the Wahls group but increased the proportion with excessive intake for vitamin D and niacin
among both groups and magnesium among the Swank group. Both diets, especially when including
intake from supplements, are associated with reduced inadequate intake compared to the normal
diet of people with relapsing remitting MS.

Keywords: multiple sclerosis; modified Paleolithic diet; low-saturated fat diet; micronutrients;

micronutrient inadequacy

1. Introduction

Multiple sclerosis (MS) is a chronic neurodegenerative disease that affects nearly 1
million people in the United States [1]. There is considerable interest among people with
MS (pwMS) in alternative therapies such as diet as adjunct therapy to help alleviate symp-
tom burden. Surveys consistently observe that half of pwMS report implementing dietary
modifications [2,3] despite receiving little dietary advice at the time of diagnosis [4].
PwMS likely obtain information on diet from internet sources [5], which may be problem-
atic since the current state of evidence does not support recommendations for any specific
therapeutic diets [6].
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Preliminary evidence suggests the low-saturated fat diet developed by Dr. Swank
and the modified Paleolithic diet developed by Dr. Wahls are potential adjunct ap-
proaches for symptom management [7]. On the basis of an observed association of fat
intake, especially from high saturated fat sources, and risk of MS [8], Swank recom-
mended his patients to consume a low saturated fat diet [9], and followed them for up to
50 years [10]. He observed that lower saturated fat intake was associated with fewer exac-
erbations, increased ability to ambulate, and reduced risk of mortality [11,12]. On the basis
of her personal [13] and clinical experience [14], Dr. Wahls recommends a diet based on
Paleolithic principals that eliminates specific dietary antigens (gluten, casein, and lectins)
and maximizes micronutrient density [15]. Preliminary studies comparing the modified
Paleolithic diet to usual diet demonstrated favorable outcomes for fatigue and QoL among
individuals with progressive or relapsing-remitting MS (RRMS) [16-18]. In a head-to-
head comparison, both the low-saturated fat and modified Paleolithic elimination diets
were associated with within-group improvements in quality of life and reductions in fa-
tigue, but there were no major differences between the two diet groups [19].

Due to the restriction of specific foods in both the low-saturated fat and the modified
Paleolithic diets, risk of micronutrient deficiencies is of concern. Inadequate intake of sev-
eral micronutrients, such as folate and magnesium, is associated with more severe MS
symptoms [20,21]; thus, it is imperative that specialized diets for MS avoid these micro-
nutrient shortfalls. Previously, experimental seven-day menus were created for the low-
saturated fat and modified Paleolithic elimination diets. Analysis of these experimental
menus suggest that the low-saturated fat diet theoretically met the requirements for all
micronutrients except calcium; iron; potassium; and the vitamins D, E, folate, and choline
for adult male and female (not pregnant or lactating) life stage groups [22]. Similarly, the
modified Paleolithic elimination diet met requirements for all micronutrients except vita-
min D, calcium, potassium, and choline for most life stage groups and iron for women of
childbearing age [23]. The change from usual diet micronutrient inadequacy among
pwMS implementing the low-saturated fat or modified Paleolithic elimination diets has
not been reported; thus, the aim of this study was to report micronutrient intakes from
food of pwMS consuming these diets.

2. Materials and Methods
2.1. Participants and Study Design

As part of a 36-week, randomized, parallel-group, single-blinded trial comparing the
effect of the low-saturated fat and modified Paleolithic diets on fatigue and quality of life
among people with relapsing-remitting MS (RRMS) [19]; 3-day weighed food records and
food frequency questionnaires (FFQs) were collected at 12-week intervals. The trial pro-
tocol [24] 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 monitoring board. This trial is registered at Clinicaltrials.gov identifier:
NCT02914964 and followed the Consolidated Standards of Reporting Trials (CONSORT)
reporting guidelines [25].

Participants were recruited from within 500 miles of Iowa City, Iowa, and were eli-
gible for enrollment in the study if they (1) had definitive RRMS in accordance with the
2010 McDonald criteria [26], (2) had moderate to severe fatigue (FSS > 4.0), (3) had an
ability to walk 25 feet with limited or no support, (4) were not pregnant or planning on
becoming pregnant, and (5) were willing to comply with all aspects of the study diets and
procedures. Major exclusion criteria included (1) MS-relapse or change in MS medication
within the previous 12 weeks prior to the study; (2) body mass index (BMI) <19 kg/m?; (3)
severe mental impairment; (4) self-reported adverse reactions to gluten-containing foods;
(5) diagnosed conditions including eating disorders, severe psychiatric disorders, celiac
disease, kidney stones, heart failure, angina, or liver cirrhosis; and (6) insulin, warfarin,
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radiation, or chemotherapy use. A complete list of inclusion and exclusion criteria can be
found in the published protocol [24].

2.2. Study Procedures

After a 12-week observation period to monitor usual diet, participants (1 = 87) were
randomized at baseline to either the modified Paleolithic elimination (Wahls; n = 43) or
the low-saturated fat (Swank; n = 44) diets for 24 weeks. During the first 12 weeks of the
intervention, participants received two in-person and five telephone-based nutrition
counseling sessions from a registered dietitian (RD). Participants also received personal-
ized emails with feedback on their diet checklists every 4 weeks. After 12 weeks of the
intervention period, in-person and telephone counseling sessions were discontinued, but
participants were allowed to contact the intervention RD for additional support. In addi-
tion, the Wahls group participants were instructed to begin reintroducing nightshade veg-
etables and spices during weeks 13 through 24. The data presented in this article are from
the baseline and first 12-week post-randomization period only to avoid variation in diet
caused by the reintroduction of the nightshade vegetables and spices among the Wahls
group and to limit bias introduced due to dropouts. Data on participants who completed
the first 12 weeks of the intervention (n = 39 Wahls and #n = 38 Swank) was included in the
present secondary analysis (Table 1).

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

Characteristics Swank Wahls p-Value?
n 38 39 -
Age (years) 469 +1.7 46.4+1.5 0.84
Gender (female) 35(92.1) 32 (82.1) 0.31
MS duration (years) 121+1.6 9.3+1.0 0.14
Disease modifying drug use 0.83
None 13 10
Oral 11 11
Injectable 10 12
Infused 4 6
Race (Caucasian) 36 (94.7) 38 (97.4) 0.99
Education 0.32
High school 0(0.0) 3(7.7) -
Some college 12 (31.6) 10 (25.6) -
4-year degree 11 (28.9) 8 (20.5) -
Advanced degree 15 (39.5) 18 (46.2) -
Smoking status 0.13
Never 29 (76.3) 23 (59.0) -
Former 3(7.9) 2(5.1) -
Current 6 (15.8) 14 (35.9) -
Alcohol drinks per month? 0.99
None 6 (15.8) 7(17.9) -
Within recommendations 29 (76.3) 29 (74.4) -
Above recommendations 3(7.9) 3(7.7) -
BMI (kg/m?) 27.6+0.9 302+1.3 0.11

!Data are shown as mean + SEM or N (%). 2Significance determined by Fisher’s exact test or gen-
eralized linear models. 3 Alcohol recommendations defined as <1 and <2 standard drinks females
and males, respectively. Adapted from Wahls et al. (2021) [19].
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2.3. Intervention Diets

The Swank diet restricts saturated fat to <15 g and provides 20-50 g (4-10 teaspoons)
unsaturated fat and four servings each of grains (whole grains preferred) and fruits and
vegetables (FV) per day (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 ex-
cluded in the Wahls group during the first 12-week period of the intervention and then
the study RDs provided guidance to reintroduce nightshades during the second 12-week
intervention period. A review of both diets can be found elsewhere 7. Participants in both
groups were instructed to follow their assigned diet ad libitum and were given the fol-
lowing daily supplement regimen: 1 teaspoon cod liver oil, 1000 ng methyl-Bi2, 1000 pg
methylfolate, a multivitamin without iron, and 5000 IU vitamin Ds, the latter of which was
adjusted on the basis of serum 25-hydroxyvitamin D levels with a target range of 40 to 80
ng/mL [24]. Adherence to the study diets, defined as being within 20% of recommenda-
tions for specific key diet components (< 0.2 grams of gluten or < 18 grams of saturated fat
for the Wahls or Swank diets, respectively), was 80% for the Wahls group and 87% for the
Swank group at 12 weeks [19].

2.4. Food Records and Analysis

Three weighed food records were collected consecutively on two weekdays and one
weekend day at baseline and again at 12 weeks. Food records obtained from included
participants were analyzed using Nutrition Data System for Research software (Univer-
sity of Minnesota Nutrition Coordinating Center). To account for the differing bioavaila-
bility of folate and folic acid, we used dietary folate equivalents (DFEs) for all analyses.
Because tryptophan can partially meet niacin requirements, niacin equivalents (NEs) were
calculated as 60 mg tryptophan is equal to 1 mg niacin. Bioconversion of provitamin A
carotenoids were accounted for by using retinol activity equivalents (RAEs) for vitamin
A, and bioconversion of tocopherols was accounted for by using alpha-tocopherol equiv-
alents for all vitamin E analyses. Mean intake of each micronutrient from food was calcu-
lated for each participant and adjusted for age, gender, and corresponding 2007 Harvard
Food Frequency Questionnaires (FFQs) values using the National Cancer Institute (NCI)
method to estimate usual intake [27]. Usual intake of each micronutrient from food was
then compared to the estimated average requirement (EAR) for each life stage group using
the EAR-cut point method [28] and combined by weighted means to assess the proportion
of each group with inadequate micronutrient intake. Usual intake was also compared to
Tolerable Upper Intake Levels (ULs) to determine the proportion with excessive intakes.
Because iron requirements are not normally distributed among women of reproductive
age, proportion with iron inadequate intake was estimated using a manual probability
approach recommended by the National Academy of Medicine (formerly the Institute of
Medicine) [29]. Micronutrients without EARs such as choline and potassium were ex-
cluded from this analysis.

2.5. Statistical Analysis

Fisher’s exact test was used to compare categorical variables between groups at base-
line (sex, race, education, MS diagnosis, disease-modifying medications, smoking status,
alcohol intake), and generalized linear models were used to compare continuous variables
(age, MS duration, BMI) between groups at baseline. The within-group baseline to 12-
week changes in inadequate micronutrient intake were compared using one-sample pro-
portion z-tests. The 12-week difference between groups in inadequate micronutrient in-
take was compared with two-sample proportion z-tests. All analyses were conducted us-
ing two-tailed tests, and significance was concluded when alpha < 0.05.
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Table 2. Description of the low-saturated fat (Swank) and modified Paleolithic elimination (Wahls)

diets!
Diet Component Swank Wahls
Energy, kilocalories  Adjust to meet energy needs Adj l;itaict)hi;db:f;; z::i;?sg:jm 2

Fruits and
vegetables, cup
equivalents per day

2+ fruit
2+ vegetables

2-3+ dark green leafy vegetables
2-3+ sulfur-rich vegetables
2-3+ deeply colored fruits and
vegetables
White fruits and vegetables
limited
Nightshade vegetables/spices
avoided

Adequate in quantity and
quality
- Beef, pork, organ meat, egg
yolks, and dark meat poultry
Protein, ounces per and skin avoided
day
shellfish, and egg whites as
desired
- <1.75 fatty fish
- Nuts and legumes allowed if
low in saturated fat

6—12+ meat/fish
- Beef, pork, poultry, game, fish,
shellfish, organ meat as desired

- White meat poultry, white fish, - Eggs and legumes not allowed

- 16 fatty fish per week
- 12 organ meat per week
- 4 nuts, soaked and rinsed

Grains, ounce

equivalents per day 4, whole grains preferred

Not allowed

Dairy, cup

2 if <1% dairy fat
equivalents per day if <1% dairy fa

Cow, goat, mare, soy not allowed

As desired for satiety and weight
maintenance
- Clarified butter, animal fats,
coconut oil, avocado oil, extra

Fats - <15 g saturated fat per day virgin olive oil, sesame oil,
- 20-50 g oil per day sunflower oil as desired
- <30 g flax, hemp, and walnut oil
per day
- All other fats and oils not
allowed
Sweeteners Minimal for taste <ltsp allowed sweeteners per day
Salt As desired As desired
Alcohol, standard 1 wine or mixed drink in
. . <1 for women, <2 for men
drinks per day evening
Caffeine <3 cups caffeinated beverages As desired

per day

Seaweed, algae,
nutritional yeast,
fermented foods

No recommendation, must be
low in saturated fat

1 serving each per day

!Adapted from Wahls et al. (2019) [7].
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3. Results
3.1. Micronutrient Inadequate Intake

At baseline, the proportion with inadequate intake of micronutrients from food
among the Swank group were 96.3% for vitamin D, 50.1% for vitamin E, 47.4% for calcium,
44.6% for vitamin C, 37.7% for magnesium, 23.1% for vitamin Be, 21.6% for folate, 20.7%
for vitamin A, 17.4% for zinc, 14.0% for vitamin B12, 12.6% for iron, 11.5% for thiamin, 8.7%
for copper, 5.3% for riboflavin, 3.5% for phosphorus, 2.8% for niacin, and 2.7% for sele-
nium (Table 3). At 12 weeks, the Swank group had significant reductions in the proportion
with inadequate intake from food for vitamins C (20.6%; p < 0.01), E (32.3%; p = 0.03), and
D (86.2%; p < 0.01). At 24 weeks, the proportion with inadequate intake from food was
significantly lower than baseline for vitamins C (24.1%; p < 0.01), D (77.6%; p < 0.01), and
Bs (4.8%; p < 0.01). The proportion with inadequate intake of vitamin A from food was
significantly higher at 24 weeks compared to baseline intake (36.6%; p = 0.02). Inclusion of
intake from supplements lead to a further reduced proportion with inadequate intake for
copper; magnesium; zinc, and the vitamins A, C, D, E, Be, and thiamin at 12 and 24 weeks
(Table 3), All other micronutrients had non-significant differences at 12 and 24 weeks.

Table 3. Proportion with inadequate micronutrient intake from food and supplements at baseline
and after adapting the Swank or Wahls diets among individuals with RRMS!?2

Swank Wahls
Micronutrient Baseline 12 Weeks 24 Weeks Baseline 12 Weeks 24 Weeks
Vitamins
Vitamin A 19.3 2.2° 1.4° 30.9 0.8 0.0
Vitamin C 28.6 2.9 2.6 29.6 0.7 1.4
Vitamin D 27.7 2.8 0.7 16.9 1.0 0.3
Vitamin E 31.9 2.5 0.5° 38.7 0.3 04
Thiamin 9.6 2.8 0.0 15.9 2.8" 0.8
Riboflavin 6.2 2.6 0.0 12.5 0.8 0.2°
Niacin 2.7 1.6 0.0 5.9 0.0 0.0
Vitamin Be 17.1 4.2 3.9 24.3 0.8 3.9
Folate 9.9 2.1 0.5 19.7 0.3 0.2°
Vitamin B2 14.0 134 12.6 28.6 0.17 0.1°
Minerals
Calcium 33.7 32.6 38.1 35.9 60.7* 55.4°
Copper 12.6 2.7 0.2° 7.8 0.0 0.1
Iron 11.5 14.4 114 11.5 214 19.2
Magnesium 32.2 11.5° 6.5 449 7.9 12.8
Phosphorous 34 4.6 1.7 5.5 1.3 1.3
Selenium 3.4 1.7 0.1 6.2 0.0 0.0
Zinc 14.6 1.9 04" 19.5 0.0 0.2°

!Data are shown as percentages. 2Within-group statistical significance determined by one pro-
portion z-tests. * Indicates significant difference compared to corresponding baseline value,
and " indicates significant difference compared to corresponding 24-week value.

Among the Wahls group, the proportion with inadequate intake of micronutrients
from food at baseline were 99.9% for vitamin D, 56.1% for vitamin E, 54.7% for calcium,
50.8% for magnesium, 50.0% for vitamin C, 44.3% for vitamin A, 26.4% for folate, 18.3%
for iron, 15.3% for vitamin Bs, 12.5% for zinc, 6.4% for copper, 6.3% for selenium, 5.7% for
thiamin, 5.6% for phosphorous, 5.3% for vitamin B, 5.3% for niacin, and 4.5% for ribofla-
vin (Table 4). At 12 weeks, the Wahls group had significant reductions in the proportion
with inadequate intake from food for vitamin A (13.1%; p < 0.01), vitamin C (1.5%; p <
0.01), vitamin D (86.6%; p < 0.01), vitamin E (26.7%; p < 0.01), and magnesium (28.5%; p
<0.01). The Wahls group also had significant increases in the proportion with inadequate
intake from food for calcium (86.5%; p < 0.01), thiamin (13.6%; p = 0.03), and vitamin B12



Nutrients 2021, 13, 3507

7 of 14

(17.4%; p <0.01) at 12 weeks. All differences remained significant at 24 weeks compared
to baseline; however, the proportion with inadequate intake from food at 24 weeks in-
creased for vitamin C (9.3%; p < 0.01) and copper (1.4%; p < 0.01) compared to week 12
values. Inclusion of intake from supplements lead to a further reduced proportion with
inadequate intake for magnesium; zinc; and the vitamins A, C, D, E, Bg, riboflavin, thia-
min, and folate at 12 and 24 weeks (Table 3). Inadequate intake of calcium remained sig-
nificantly higher at 12 and 24 weeks compared to baseline among the Wahls group, de-
spite inclusion of intake from supplements. All other micronutrients had non-significant
differences at 12 and 24 weeks.

Table 4. Proportion with inadequate micronutrient intake from food at baseline and after adapting
the Swank or Wahls diets among individuals with RRMS!?2

Swank Wahls
Micronutrient  Baseline 12 Weeks 24 Weeks Baseline 12 Weeks 24 Weeks
Vitamins
Vitamin A 20.7 19.8 36.6"" 443 13.1 2.3
Vitamin C 44.6 19.8 24.1° 50.0 1.5° 9.3%"
Vitamin D 96.3 82.3" 77.6° 99.9 86.6" 87.8
Vitamin E 50.1 32.3° 37.0 56.1 26.7° 34.0°
Thiamin 115 8.7 52 5.7 13.6 22.8
Riboflavin 5.3 45 1.9 45 5.3 7.8
Niacin 2.8 2.4 0.0 53 0.0 0.0
Vitamin Be 23.1 11.3 4.8 15.3 7.1 5.7
Folate 21.6 20.9 15.9 26.4 16.1 26.9
Vitamin B2 14.0 13.9 24.3 5.3 174 14.6°
Minerals
Calcium 474 51.7 59.5 54.7 86.5 75.5°
Copper 8.7 9.9 3.4 6.4 0.1 1.47
Iron 12.6 14.4 11.7 18.3 23.0 19.7
Magnesium 37.7 26.7 22.2 50.8 28.5° 31.1°
Phosphorous 3.5 4.7 1.8 5.6 1.3 1.3
Selenium 2.7 2.9 1.8 6.3 2.3 0.3
Zinc 17.4 25.2 21.7 12.5 11.8 5.0

!Data are shown as percentages. 2 Within-group statistical significance determined by one propor-
tion z-tests. " Indicates significant difference compared to corresponding baseline value, and " indi-
cates significant difference compared to corresponding 24-week value.

Compared to the Swank group, the Wahls group had significantly lower proportion
with inadequate intake from food for vitamin C (p <0.01) and copper (p =0.05) at 12 weeks
and for vitamin A (p <0.01) and zinc (p =0.04) at 24 weeks (Figure 1A,B). The Swank group
had significantly lower proportion with inadequate intake from food for calcium (p <0.01)
at 12 weeks and thiamin at 24 weeks compared to the Wahls group. After inclusion of
intake from supplements, the Swank group had a higher proportion with inadequate in-
take of vitamin Bu2 (p = 0.02) and lower proportion with inadequate intake of calcium (p =
0.02) compared to the Wahls group at both 12 and 24 weeks (Figure 1C,D). There were no
other significant differences between groups in the proportion with inadequate intake for
other micronutrients at 12 and 24 weeks.

Both groups had a high proportion with excessive intake of vitamin D at baseline
(20.8% Swank and 33.9% Wahls), but no other micronutrient was above 10% for either
group (Table 5). The proportion of the Swank group with excessive intake increased for
vitamin D and niacin at 12 and 24 weeks and for magnesium at 24 weeks, and the propor-
tion with excessive intake of vitamin D increased in the Wahls group at 12 and 24 weeks.
All other micronutrients had non-significant differences at 12 and 24 weeks.
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Table 5. Proportion with excessive micronutrient intake from food and supplements at baseline and
after adapting the Swank or Wahls diets among individuals with RRMS!2

Swank Wahls
Micronutrient Baseline 12 Weeks 24 Weeks Baseline 12 Weeks 24 Weeks
Vitamins
Vitamin A 1.2 0.0 0.0 0.1 0.1 0.1
Vitamin C 0.0 0.0 0.0 4.6 5.5 2.5
Vitamin D 20.8 71.9° 55.4°" 33.9 72.2° 76.4"
Vitamin E 0.0 0.0 0.0 0.0 0.0 0.0
Niacin 5.5 44.8 44.8 8.6 30.6° 6.5"
Vitamin Be 1.9 0.0 0.0 2.8 2.8 25
Folate 45 9.7 9.8 0.3 0.0 0.0
Minerals
Calcium 1.1 1.0 3.0 0.0 0.0 0.4
Copper 0.0 0.0 0.0 0.0 0.5 0.0
Iron 49 2.9 6.2 9.3 0.1 0.1
Magnesium 2.6 2.6 10.77 0.9 0.2 0.3
Phosphorous 0.0 0.0 0.0 0.0 0.0 0.0
Selenium 0.0 0.1 0.1 0.0 0.0 0.0
Zinc 4.2 0.3 44" 04 0.0 1.4

!Data are shown as percentages. 2 Within-group statistical significance determined by one propor-
tion z-tests. " Indicates significant difference compared to corresponding baseline value, and *indi-
cates significant difference compared to corresponding 24-week value.

4. Discussion

The findings from this analysis of 3-day weighed food records show that both the
low-saturated fat diet proposed by Swank and the modified Paleolithic elimination diet
proposed by Wahls are associated with reduced proportion of or no change in micronu-
trient inadequate intake compared to the usual diet of people with RRMS. This was with
the exceptions of calcium, thiamin, and vitamin B2 among the Wahls group, for which the
proportion with inadequate intake from food increased significantly; however, only cal-
cium remained increased after the inclusion of supplements.

The usual diet of both groups in this study at baseline were severely inadequate
(>20% of the group) in terms of intake of calcium; magnesium; and the vitamins A, C, D,
E, and folate. The same micronutrients are also severely inadequately consumed among
the general U.S. adult population [30]. Similarly, pwMS have been found to have lower
intake of folic acid, magnesium, zinc, and selenium compared to the general Dutch pop-
ulation [31]. These observations are alarming because several studies have found associa-
tions between inadequate intake or deficiency of several specific micronutrients and more
severe MS symptoms. Cross-sectional studies have shown that diets lowest in folate or
magnesium are associated with higher fatigue burden [20] and lower physical ability and
quality of life [21]. Furthermore, serum values of vitamins A, D, and E are associated with
markers of inflammation [32] and odds of new MRI brain lesions [33-35] among pwMS.

In this study, the Swank group had significant reductions in the proportion with in-
adequate intake from food for vitamins Be, C, D, and E compared to their usual diet at
baseline. The reduction in inadequate vitamin C intake is likely due to the recommenda-
tion for 2+ servings each of fruits and vegetables per day that are rich sources of vitamin
C. The reduction in the proportion with inadequate vitamin D intake from food observed
among the Swank group is likely due to consumption of vitamin D-fortified foods such as
orange juice and non-fat dairy products. However, despite the decreases in the proportion
with inadequate intake for vitamins C, D, and E, intake from food for all are still consid-
ered severely inadequate at 12 weeks. Similarly, the proportion with inadequate intake
from food for folate, calcium, magnesium, and zinc remained above 20% at 12 weeks.
However, the proportion with inadequate intake was reduced to below the 20% threshold
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for all micronutrients except calcium with the inclusion of intake from supplements. These
observations are consistent with previous analyses of experimental menus [22] and an
online survey of dietary characteristics among pwMS [36].

The Wahls group had significant reductions in the proportion with inadequate intake
from food for vitamin A, vitamin C, vitamin D, vitamin E, and magnesium at 12 and 24
weeks compared to their usual diet at baseline. The Wahls elimination diet recommends
6-9+ servings per day total fruits and vegetables, 12 ounces per week organ meats, and 4
ounces per day nuts and seeds, which are rich sources of the micronutrients that improved
with the diet intervention. However, the Wahls elimination diet recommends strict avoid-
ance of dairy, a rich source of calcium and vitamin B1, which likely explains the significant
increase in the proportion with inadequate intake for calcium and vitamin B2 at 12 weeks.
Similarly, the Wahls elimination diet recommends strict avoidance of grains, which are a
rich source of thiamin and likely explain the significant increase in the proportion with
inadequate intake of thiamin at 12 weeks. The proportion with inadequate intake for cal-
cium, vitamin D, vitamin E, iron, and magnesium all remained above 20% at 12 weeks
among the Wahls group, but despite the increased proportion with inadequate intake for
thiamin and vitamin Bz, proportion with inadequate intake from food for these nutrients
was above the 20% threshold for severe inadequate intake at 12 weeks, and only calcium
and iron were still above 20% after inclusion of intake from supplements. These observa-
tions are consistent with analysis of 24-hour dietary recalls from a preliminary trial [37],
our previous experimental menu analysis [23], and an online survey of dietary character-
istics among pwMS [36].

The severe inadequate intake from food of vitamin D, vitamin E, calcium, and mag-
nesium was present among both groups during the intervention, highlighting the im-
portance of supplementation of select micronutrients among people with MS following
either the Swank or Wahls diets. Inclusion of intake from supplements reduced the pro-
portion with inadequate intake for most micronutrient shortfalls. In addition to supple-
mentation, pwMS following either diet may benefit from selecting specific micronutrient-
dense foods such as sunflower seeds for vitamin E or pumpkin seeds for magnesium. Be-
cause both diets restrict or partially restrict dairy, recommendations for the consumption
of calcium-fortified foods such as fortified juices or milk alternatives or calcium supple-
mentation may be beneficial. For micronutrients with few rich food sources such as vita-
min D, supplementation is recommended for pwMS [38], especially those who are se-
verely disabled, which may prevent adequate time spent outdoors for sun-derived vita-
min D [39]. Furthermore, because severe inadequate intake was present at 12 weeks for
folate and zinc among the Swank group only, pwMS who follow this dietary strategy may
benefit from increased consumption of vegetables and whole grains for folate and low-
saturated fat shellfish for zinc. Similarly, pwMS who follow the Wahls dietary strategy
may additionally benefit from ensuring adequate iron intake through food sources such
as oysters or liver.
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Figure 1. Proportion with inadequate micronutrient intake among the Swank (black bars) and Wahls (grey bars) groups from food at (A) 12 weeks and (B) 24 weeks and
from food and supplements at (C) 12 weeks and (D) 24 weeks. The dashed line represents severe micronutrient inadequate intake defined as >20% of the group. Statistical

significance determined by two sample z-tests; statistical significance is represented by * = p < 0.05 and **=p < 0.01.
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With combined intake from food and supplements, excessive intakes of several mi-
cronutrients are of concern. In both groups, a high proportion with excessive intake was
observed for vitamin D and niacin, and for magnesium in the Swank group. As part of the
intervention of this study, vitamin D doses were adjusted on the basis of serum laboratory
values, and therefore it is uncertain how generalizable the excessive vitamin D intake from
food and supplements is in this study. In the healthy population, prolonged excessive
intake may increase the risk for micronutrient toxicity; however, it is possible that the
chronic inflammation and immunologic activity associated with MS increases micronutri-
ent needs of people with MS. Future studies are needed to evaluate micronutrient status
with micronutrient biomarkers to determine the specific micronutrient requirements of
pwMS.

This study is strengthened by the use of 3-day weighed food records, robust analyti-
cal methods, and high diet adherence reported previously as 87% and 80% at 12 weeks for
the Swank and Wahls diets, respectively [19]. However, there are also several limitations
to this study. First, the use of weighed food records collected on consecutive days may
bias our data due to the influence of food choices one day on the next (e.g., leftovers eaten
the following day). Second, the sample size in this study is smaller than typically recom-
mended for the NCI method (n = 50) to adjust usual intake; however, dietary data were
collected on more days than necessary for the NCI method to help reduce variation caused
by the lack of sample size. Finally, laboratory evaluation of micronutrient status with bi-
omarkers was not conducted for nutrients included in this analysis other than vitamin D,
and therefore we were unable to determine if inadequate or excessive intake of micronu-
trients in this study was associated with deficiency or toxicity among pwMS following the
Swank or Wahls diets.

5. Conclusions

There is great interest among the people with MS and researchers alike for the use of
specialized diets as adjunct therapy to improve quality of life and reduce fatigue; how-
ever, the restrictive nature of several of these specialized diets causes concern for risk of
micronutrient deficiencies. This study is one of the first major attempts to evaluate the
intake of micronutrients of diets specialized for MS. These results indicate that compared
to the usual diet of people with RRMS, the Swank and Wahls diets are associated with
reductions in the proportion with inadequate intake for several micronutrients, especially
with intake from supplements, for which deficiency may be associated with symptom
burden including magnesium and the vitamins A, C, D, and E.

Author Contributions: The author contributions were as follows: conceptualization of parent trial,
L.G.S. and T.L.W.; conceptualization of present study, T.J.T.; methodology, T.].T. and P.T.E.; soft-
ware, T.J.T. and P.T.E.; validation, L.M.R. and P.T.E.; formal analysis, T.J.T.; investigation, T.L.W.,
L.G.S,, K.L.S, and L.B.; data curation, T.J.T., P.T.E., and L.M.R.; writing—original draft preparation,
T.J.T.; writing—review and editing, T.J.T., L.G.S., and T.L.W.; visualization, T.].T.; supervision,
L.GS, TLW, LB, KLS., and LM.R,; funding acquisition, T.L.W. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was supported in part by the National Multiple Sclerosis Society grant RG-
1506-04312 (TW), the Institute for Clinical and Translational Science (ICTS) at the University of Iowa,
and University of Iowa institutional funds. The ICTS is supported by the National Institutes of
Health Clinical and Translational Science Award program (grant UL1TR002537). T.].T. is a research
trainee of the University of lowa Fraternal Order of Eagles Diabetes Research Center (T32DK112751-
01) and is supported by the Carter Chapman Shreve Family Foundation and the Carter Chapman
Shreve Fellowship Fund for diet and lifestyle research conducted by the Wahls Research team at the
University of Iowa. In-kind support was provided by the University of lowa College of Public
Health Preventive Intervention Center.

Trial Registration: Clinicaltrials.gov Identifier: NCT02914964.



Nutrients 2021, 13, 3507 12 of 14

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of the University of lowa
(protocol #201604705 approved July 2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the privacy of the study partici-
pants

Acknowledgments: We would like to thank Mary Ehlinger for her role in study management, data
acquisition, and as the primary study coordinator; Michaella Edwards for her role in study coordi-
nation and data acquisition; David D. Moore III and the students who supported recruitment and
data acquisition; and the participants in this study for their dedication and commitment to the study
intervention.

Conlflicts of Interest: Dr. Terry Wahls personally follows and promotes the Wahls™ diet. She has
equity interest in the following companies: Terry Wahls LLC; TZ Press LLC; The Wahls Institute,
PLC; FBB Biomed Inc; and the website http://www.terrywahls.com. She also owns the copyright to
the books Minding My Mitochondria (2" edition) and The Wahls Protocol, The Wahls Protocol Cooking
for Life, and the trademarks The Wahls Protocol® and Wahls™ diet, Wahls Paleo™ diet, and Wahls
Paleo Plus™ diets (the Wahls elimination diet is not trademarked). She has completed grant funding
from the National Multiple Sclerosis Society for the Dietary Approaches to Treating Multiple Scle-
rosis Related Fatigue Study. She has financial relationships with BioCeuticals, MCG Health LLC,
Genova Diagnostics, and the Institute for Functional Medicine. She receives royalty payments from
Penguin Random House. Dr. Wahls has conflict of interest management plans in place with the
University of Iowa and the Iowa City VA Health Care System. All other authors report no personal
or financial conflicts of interest in this work.

References

1.

o

11.

12.

13.

Wallin, M.T.; Culpepper, W.].; Campbell, ].D.; Nelson, L.M.; Langer-Gould, A.; Marrie, R.A.; Cutter, G.R.; Kaye, W.E.; Wagner,
L.; Tremlett, H.; et al. The prevalence of MS in the United States: A population-based estimate using health claims data.
Neurology 2019, 92, €1029-e1040. https://doi.org/10.1212/WNL.0000000000007035.

Fitzgerald, K.C.; Tyry, T,; Salter, A.; Cofield, S.S.; Cutter, G.; Fox, R.].; Marrie, R.A. A survey of dietary characteristics in a large
population  of people with  multiple sclerosis. ~ Mult.  Scler.  Relat.  Disord. 2018, 22,  12-18.
https://doi.org/10.1016/j.msard.2018.02.019.

Russell, R.D.; Lucas, R.M.; Brennan, V.; Sherriff, ].L.; Begley, A.; Ausimmune Investigator, G.; Black, L.J. Reported Changes in
Dietary Behavior Following a First Clinical Diagnosis of Central Nervous System Demyelination. Front. Neurol. 2018, 9, 161.
https://doi.org/10.3389/fneur.2018.00161.

Russell, R.D.; Black, L.J.; Sherriff, ].L.; Begley, A. Dietary responses to a multiple sclerosis diagnosis: A qualitative study. Eur. J.
Clin. Nutr. 2019, 73, 601-608. https://doi.org/10.1038/s41430-018-0252-5.

Beckett, J.M.; Bird, M.L.; Pittaway, J.K; Ahuja, K.D. Diet and Multiple Sclerosis: Scoping Review of Web-Based
Recommendations. Interact. ]. Med. Res. 2019, 8, e10050. https://doi.org/10.2196/10050.

Evans, E.; Levasseur, V.; Cross, A.H.; Piccio, L. An overview of the current state of evidence for the role of specific diets in
multiple sclerosis. Mult. Scler. Relat. Disord. 2019, 36, 101393. https://doi.org/10.1016/j.msard.2019.101393.

Wahls, T.L.; Chenard, C.A.; Snetselaar, L.G. Review of Two Popular Eating Plans within the Multiple Sclerosis Community:
Low Saturated Fat and Modified Paleolithic. Nutrients 2019, 11, 352. https://doi.org/10.3390/nu11020352.

Swank, R.L. Multiple sclerosis; a correlation of its incidence with dietary fat. Am. J. Med. Sci. 1950, 220, 421-430.

Swank, R.L. Treatment of multiple sclerosis with low-fat diet. AMA Arch. Neurol. Psychiatry 1953, 69, 91-103.

Swank, R.L.; Goodwin, ]J. Review of MS patient survival on a Swank low saturated fat diet. Nutrition 2003, 19, 161-162.
https://doi.org/10.1016/s0899-9007(02)00851-1.

Swank, R.L. Multiple sclerosis: Twenty years on low fat diet. Arch. Neurol. 1970, 23, 460-474.
https://doi.org/10.1001/archneur.1970.00480290080009.

Swank, R.L. Treatment of multiple sclerosis with low-fat diet; results of five and one-half years’ experience. AMA Arch. Neurol.
Psychiatry 1955, 73, 631-644.

Reese, D.; Shivapour, E.T.; Wahls, T.L.; Dudley-Javoroski, S.D.; Shields, R. Neuromuscular electrical stimulation and dietary
interventions to reduce oxidative stress in a secondary progressive multiple sclerosis patient leads to marked gains in function:
A case report. Cases J. 2009, 2, 7601. https://doi.org/10.4076/1757-1626-2-7601.



Nutrients 2021, 13, 3507 13 of 14

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wahls, T.L.; Reese, D.; Kaplan, D.; Darling, W.G. Rehabilitation with neuromuscular electrical stimulation leads to functional
gains in ambulation in patients with secondary progressive and primary progressive multiple sclerosis: A case series report. J.
Altern Complement. Med. 2010, 16, 1343-1349. https://doi.org/10.1089/acm.2010.0080.

Wabhls, T.L. The seventy percent solution. . Gen. Intern. Med. 2011, 26, 1215-1216. https://doi.org/10.1007/s11606-010-1631-3.
Bisht, B.; Darling, W.G.; Shivapour, E.T.; Lutgendorf, S.K; Snetselaar, L.G.; Chenard, C.A.; Wahls, T.L. Multimodal intervention
improves fatigue and quality of life in subjects with progressive multiple sclerosis: A pilot study. Degener. Neurol. Neuromuscul.
Dis. 2015, 5, 19-35. https://doi.org/10.2147/DNND.S76523.

Irish, A.K,; Erickson, C.M.; Wahls, T.L.; Snetselaar, L.G.; Darling, W.G. Randomized control trial evaluation of a modified
Paleolithic dietary intervention in the treatment of relapsing-remitting multiple sclerosis: A pilot study. Degener. Neurol.
Neuromuscul. Dis. 2017, 7, 1-18. https://doi.org/10.2147/DNND.S5116949.

Lee, J.E.; Titcomb, T.J.; Bisht, B.; Rubenstein, L.M.; Louison, R.; Wahls, T.L. A Modified MCT-Based Ketogenic Diet Increases
Plasma beta-Hydroxybutyrate but Has Less Effect on Fatigue and Quality of Life in People with Multiple Sclerosis Compared
to a Modified Paleolithic Diet: A Waitlist-Controlled, Randomized Pilot Study. J. Am. Coll. Nutr. 2020, 40, 13-25.
https://doi.org/10.1080/07315724.2020.1734988.

Wahls, T.L.; Titcomb, T.J.; Bisht, B.; Ten Eyck, P.; Rubenstein, L.M.; Carr, L.J.; Darling, W.G.; Hoth, K.F.; Kamholz, J.; Snetselaar,
L.G. Impact of the Swank and Wahls Elimination Dietary Interventions on Fatigue and Quality of Life in Relapsing-remitting
Multiple Sclerosis: The WAVES Randomized Parallel-arm Clinical Trial. Mult. Scler. J. Exp. Transl. Clin. 2021, in press.
Bitarafan, S.; Harirchian, M.H.; Nafissi, S.; Sahraian, M. A ; Togha, M.; Siassi, F.; Saedisomeolia, A.; Alipour, E.; Mohammadpour,
N.; Chamary, M,; et al. Dietary intake of nutrients and its correlation with fatigue in multiple sclerosis patients. Iran. . Neurol.
2014, 13, 28-32.

Bromley, L.; Horvath, P.J.; Bennett, S.E.; Weinstock-Guttman, B.; Ray, A.D. Impact of Nutritional Intake on Function in People
with Mild-to-Moderate Multiple Sclerosis. Int. |. MS Care 2019, 21, 1-9. https://doi.org/10.7224/1537-2073.2017-039.

Chenard, C.A.; Rubenstein, L.M.; Snetselaar, L.G.; Wahls, T.L. Nutrient Composition Comparison between the Low Saturated
Fat Swank Diet for Multiple Sclerosis and Healthy U.S.-Style Eating Pattern. Nutrients 2019, 11, 616.
https://doi.org/10.3390/nu11030616.

Chenard, C.A.; Rubenstein, L.M.; Snetselaar, L.G.; Wahls, T.L. Nutrient Composition Comparison between a Modified
Paleolithic Diet for Multiple Sclerosis and the Recommended Healthy U.S.-Style Eating Pattern. Nutrients 2019, 11, 537.
https://doi.org/10.3390/nu11030537.

Wahls, T.; Scott, M.O.; Alshare, Z.; Rubenstein, L.; Darling, W.; Carr, L.; Smith, K.; Chenard, C.A.; LaRocca, N.; Snetselaar, L.
Dietary approaches to treat MS-related fatigue: Comparing the modified Paleolithic (Wahls Elimination) and low saturated fat
(Swank) diets on perceived fatigue in persons with relapsing-remitting multiple sclerosis: Study protocol for a randomized
controlled trial. Trials 2018, 19, 309. https://doi.org/10.1186/s13063-018-2680-x.

Moher, D.; Hopewell, S.; Schulz, K.F.; Montori, V.; Gotzsche, P.C.; Devereaux, P.J.; Elbourne, D.; Egger, M.; Altman, D.G;
Consolidated Standards of Reporting Trials, G. CONSORT 2010 Explanation and Elaboration: Updated guidelines for reporting
parallel group randomised trials. J. Clin. Epidemiol. 2010, 63, e1-e37. https://doi.org/10.1016/j.jclinepi.2010.03.004.

Polman, C.H.; Reingold, S.C.; Banwell, B.; Clanet, M.; Cohen, J.A.; Filippi, M.; Fujihara, K.; Havrdova, E.; Hutchinson, M.;
Kappos, L.; et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann. Neurol. 2011, 69, 292—
302. https://doi.org/10.1002/ana.22366.

Tooze, ]J.A.; Kipnis, V.; Buckman, D.W.; Carroll, R.J.; Freedman, L.S.; Guenther, P.M.; Krebs-Smith, S.M.; Subar, A.F.; Dodd,
K.W. A mixed-effects model approach for estimating the distribution of usual intake of nutrients: The NCI method. Stat. Med.
2010, 29, 2857-2868. https://doi.org/10.1002/sim.4063.

Institute of Medicine. Dietary Reference Intakes. Applications in Dietary Assessment; National Academy Press: Washington, DC,
USA, 2000.

Institute of Medicine. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron,
Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. In Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic,
Boron, Chromium, Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc; National Academy Press:
Washington, DC, USA, 2001.

Agarwal, S.; Reider, C.; Brooks, J.R.; Fulgoni, V.L., 3rd. Comparison of prevalence of inadequate nutrient intake based on body
weight status of adults in the United States: An analysis of NHANES 2001-2008. J. Am. Coll. Nutr. 2015, 34, 126-134.
https://doi.org/10.1080/07315724.2014.901196.

Ramsaransing, G.S.; Mellema, S.A.; De Keyser, J. Dietary patterns in clinical subtypes of multiple sclerosis: An exploratory study.
Nutr. ]. 2009, 8, 36. https://doi.org/10.1186/1475-2891-8-36.

Rosjo, E.; Myhr, K. M.; Loken-Amsrud, K.I.; Bakke, S.].; Beiske, A.G.; Bjerve, K.S.; Hovdal, H.; Lilleas, F.; Midgard, R.; Pedersen,
T.; et al. Increasing serum levels of vitamin A, D and E are associated with alterations of different inflammation markers in
patients with multiple sclerosis. ]. Neuroimmunol. 2014, 271, 60-65. https://doi.org/10.1016/j.jneuroim.2014.03.014.
Loken-Amsrud, K.I.; Holmoy, T.; Bakke, S.J.; Beiske, A.G.; Bjerve, K.S.; Bjornara, B.T.; Hovdal, H.; Lilleas, F.; Midgard, R,;
Pedersen, T.; et al. Vitamin D and disease activity in multiple sclerosis before and during interferon-beta treatment. Neurology
2012, 79, 267-273. https://doi.org/10.1212/WNL.0b013e31825{df01.



Nutrients 2021, 13, 3507 14 of 14

34.

35.

36.

37.

38.

39.

Loken-Amsrud, K.I; Myhr, K.M.; Bakke, S.J.; Beiske, A.G.; Bjerve, K.S.; Bjornara, B.T.; Hovdal, H.; Lilleas, F.; Midgard, R.;
Pedersen, T.; et al. Retinol levels are associated with magnetic resonance imaging outcomes in multiple sclerosis. Mult. Scler.
2013, 19, 451-457. https://doi.org/10.1177/1352458512457843.

Loken-Amsrud, K.I; Myhr, K.M.; Bakke, S.J.; Beiske, A.G.; Bjerve, K.S.; Bjornara, B.T.; Hovdal, H.; Lilleas, F.; Midgard, R.;
Pedersen, T.; et al. Alpha-tocopherol and MRI outcomes in multiple sclerosis--association and prediction. PLoS ONE 2013, 8,
e54417. https://doi.org/10.1371/journal.pone.0054417.

Masullo, L.; Papas, M.A.; Cotugna, N.; Baker, S.; Mahoney, L.; Trabulsi, J. Complementary and alternative medicine use and
nutrient intake among individuals with multiple sclerosis in the United States. ]. Community Health 2015, 40, 153-160.
https://doi.org/10.1007/s10900-014-9913-z.

Titcomb, T.J.; Bisht, B.; Moore, D.D., 3rd; Chhonker, Y.S.; Murry, D.J.; Snetselaar, L.G.; Wahls, T.L. Eating Pattern and
Nutritional Risks among People with Multiple Sclerosis Following a Modified Paleolithic Diet. Nutrients 2020, 12, 1844.
https://doi.org/10.3390/nu12061844.

Evans, E.; Piccio, L.; Cross, A.-H. Use of Vitamins and Dietary Supplements by Patients With Multiple Sclerosis: A Review.
JAMA Neurol. 2018, 75, 1013-1021. https://doi.org/10.1001/jamaneurol.2018.0611.

van der Mei, A ; Ponsonby, A.L.; Dwyer, T.; Blizzard, L.; Taylor, B.V; Kilpatrick, T.; Butzkueven, H.; McMichael, A.]. Vitamin
D levels in people with multiple sclerosis and community controls in Tasmania, Australia. ]. Neurol. 2007, 254, 581-590.
https://doi.org/10.1007/s00415-006-0315-8



