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ABSTRACT

BACKGROUND: Cognitive impairment is a common
multiple sclerosis (MS)-related symptom that impacts quality
of life (QOL). Diet interventions are shown to be beneficial in
managing QOL, and the intake of essential fatty acids is linked
with improved cognitive function. However, the effect of diets on
serum fatty acid profiles and cognitive function is unknown.

METHODS: A previous randomized, parallel-arm trial recruited
participants with relapsing-remitting MS (N = 77). Study
visits included 4 time points: run-in, baseline, 12 weeks, and
24 weeks. During the run-in phase, participants followed their
usual diet and were then randomly assigned to either a modi-
fied paleolithic (Wahls) or a low saturated fat (Swank) diet at
baseline. Assessments at study visits included cognitive func-
tion assessed by Symbol Digit Modalities Test-Oral (SDMT-0)
and Perceived Deficits Questionnaire (PDQ), and serum fatty
acids, including eicosapentaenoic (EPA), docosahexaenoic
(DHA), and arachidonic (ARA) acids

RESULTS: Both groups had significant improvements in all serum
fatty acids (P<.01), except for ARA, as well as SDMT-0 at 24-weeks
(P< .05), total PDQ at 12 and 24 weeks (P< .01) compared with
baseline values. The 12-week changes in w-3 (EPA + DHA) index
and EPA serum fatty acids were associated with SDMT-O changes
(P< .05); however, the changes in fatty acid levels did not mediate
the effect of the diets on SDMT-O or PDQ (P> .05).

CONCLUSIONS: Both diets led to improvements in serum
fatty acid profiles and cognitive function, with associations
between the 12-week w-3 (EPA + DHA) index and EPA changes
with SDMT-O.
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ultiple sclerosis (MS) is one of the most common
M causes of neurologic disability in young adults, with

its peak incidence occurring in 20- to 40-year-olds.
Among the deficits, impaired cognitive function, which
affects up to 70% of individuals with MS,? can be uniquely
devastating. Population surveys show that cognitive dysfunc-
tion leads to a loss of self-esteem, increased social isolation,
and decreased standards of living, all resulting in a lower
quality of life (QOL).? Cognitive impairment in MS most
frequently presents as slowed information processing speed,
as well as a decline in episodic memory.? However, difficulties
in executive function, verbal fluency, and visuospatial skills
also have been observed.? While impaired cognitive function
is a well-recognized consequence of MS, it continues to be a
prevalent result of disease progression, in part due to incom-
pletely understood disease pathogenesis.

While the complexities of the relationship between MS and
cognitive dysfunction are not fully understood, the connec-
tion between blood biomarkers and cognition is emerging.*
Specifically, serum fatty acid levels have been associated with
MS disease severity, including its impact on cognitive func-
tion.* Fatty acids in both systemic and central nervous system
(CNS) circulation fluctuate during demyelinating events in
people with MS.* Therefore, abundant peripheral fatty acids
may play an important role in remyelination and are essential
materials in reconstruction and healing. As such, fatty acid
serum levels may serve as potential biomarkers of cognitive
function in individuals with MS.*

Fatty acids are consumed primarily from diet or supple-
mentation. Flax, walnut, hemp, sesame, and olive oils are
sources of monounsaturated fatty acids, and w-3 fatty acids
can be found in the aforementioned foods, as well as in oily
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FIGURE 1. Mean Change From Baseline for Cognitive Function Outcomes
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marine fish, grass-fed meats, and high-fat vegetables, such
as olives.s Two popular diets in the MS community, the low-
saturated fat diet developed by Roy Swank, MD, PhD, and the
modified paleolithic diet developed by Terry Wahls, MD, have
been shown to reduce perceived fatigue and improve QOL.®
However, these diets differ in recommended consumption
quantities of high-fat foods® with the Wahls Protocol diet
averaging around 3.5 g per day and the Swank diet averaging
around 2.5 g per day of w-3 fatty acids intake.”®

A clearer understanding of the relationship between fatty
acid serum levels and cognition in MS may elucidate the role
of specific dietary interventions in modifying this common
and debilitating symptom. This secondary analysis of the
WAVES trial (NCT02914964) aims to compare the effects of
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the Wahls and Swank diets (with supplemental cod liver oil
included for both diets) on cognitive function and assess the
association with serum fatty acid levels among people with
relapsing-remitting MS (RRMS).

METHODS

Participants

This is a secondary analysis of a 36-week, randomized,
parallel-group, single-blinded trial conducted at the University
of Iowa Preventive Intervention Center. The University of
Iowa Institutional Review Board 01 Biomedical approved the
trial following the Consolidated Standards of Reporting Trials
reporting guidelines.® Written informed consent was obtained
from all study participants.
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Adults aged between 18 and 70 years were recruited
from Iowa City, Iowa, and the surrounding 500-mile area.
Participants were eligible for enrollment in the study if
they (1) had neurologist-confirmed RRMS consistent with
the 2010 McDonald Criteria,® (2) had moderate to severe
fatigue as assessed by the Fatigue Severity Scale (FSS), (3)
possessed the ability to walk 25 ft with minimal support, (4)
were not pregnant nor planning to become pregnant, and
(5) were willing to adhere to all study procedures. Primary
exclusion criteria included (1) MS relapse or change in
disease-modifying drug therapy within the 12 weeks prior to
the start of the study, (2) any change in medication for man-
agement of MS-related symptoms within the prior 12 weeks,
(3) BMI less than 19 kg/m?, (4) moderate to severe mental
impairment as measured by the Short Portable Mental Status
Questionnaire (SPMSQ),*? (5) self-reported adverse reactions
to gluten-containing foods, (6) diagnosis of certain comorbid-
ities (eg, celiac disease, severe psychiatric disorders, eating
disorders, kidney stones, heart failure, angina, or cirrhosis),
(7) taking insulin or warfarin, and (8) undergoing radiation or
chemotherapy. Complete inclusion and exclusion criteria are
listed in the trial protocol.®

Study Procedure

Eligible participants started a 12-week observational run-in
phase adhering to their usual diet. At the baseline visit, par-
ticipants were randomly assigned 1:1 to the low-saturated fat
(Swank) diet or the modified Paleolithic elimination (Wahls)
diet. The study registered dietitians (RDs) provided dietary
education regarding their respective dietary interventions.
Throughout the 12-week intervention period, study RDs pro-
vided in-person and telephone-based nutrition counseling.
In the 12-week follow-up period, participants continued their
allocated study diet without active RD support, though they
were permitted to contact an RD for assistance. Participant
visits occurred at 4 time points, spaced out by 12 weeks:
run-in, baseline, 12 weeks, and 24 weeks.

Study Diets
Participants were randomly assigned to receive either the
low-saturated fat (Swank) diet or the modified Paleolithic elim-
ination (Wahls) diet and instructed to follow their respective
diet as desired during the 24-week period. A detailed composi-
tion of both diets has been outlined elsewhere.s

In brief, the Swank diet limits saturated fat to less than
or equal to 15 g per day and provides 20 to 50 g of unsatu-
rated fat, 4 servings of grains, and 4 servings of fruits
and vegetables per day. Depending on sex, the Wahls diet
recommends 6 to 9 servings of fruits and vegetables and
6 to 12 oz of meat daily and excludes all grains, legumes,
eggs, and dairy (except clarified butter and ghee). Between
the baseline and 12-week time points, participants were
instructed to exclude nightshade vegetables (ie, toma-
toes, white potatoes, eggplant, peppers); subsequently,
they were guided to reintroduce nightshades between the
12-week and 24-week points.

International Journal of MS Care

Serum Fatty Acid Profiles and Cognitive Function

Both the Swank and Wahls diets, with cod liver
oil supplementation, have favorable impacts

on serum levels of eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), arachidonic acid
(ARA), w-3 index (EPA + DHA), w-6/w-3 ratio, and
the EPA/ARA ratio, as well as cognitive function,
among individuals with relapsing-remitting
multiple sclerosis.

Improvement of serum w-3 fatty acid profiles
and its effect on cognitive function warrants
further research.

Regardless of diet, all study participants followed the same
daily supplement regimen that included 1 tsp of cod liver oil
per day.”® Every 4 weeks, participants received personalized
feedback based on their diet checklists.

Outcomes

Dietary characteristics and primary outcomes of the ini-
tial trial are published elsewhere.** Cognitive function
was evaluated using the Symbol Digit Modalities Test-Oral
(SDMT-O) and the Perceived Deficits Questionnaire (PDQ).
The SDMT-O is a cognitive test that measures cognitive
information processing speed, and it has been validated for
use in individuals with MS.* The test uses a coding key with
9 different abstract symbols paired with a respective num-
ber. Below the key, a series of abstract symbols is presented,
and the participants are asked to recite the corresponding
number for each symbol. The number of correct responses
within a 90-second frame is recorded as the total score.

The PDQ is a validated 20-item self-report questionnaire
designed to measure perceived cognitive dysfunction in indi-
viduals with MS.** The PDQ has a total score as well as 4 sepa-
rate scores in 4 cognitive subscales: attention, retrospective
memory, prospective memory, and planning/organization. The
total PDQ score is calculated by adding raw scores for all PDQ
items, ranging from o to 80. Domain-specific subscores are cal-
culated as the sum of the respective items on the subscale, with
scores ranging from o to 20. Higher scores indicate greater
perceived cognitive impairment.

Participant data (eg, height, weight, blood pressure) were
collected at each visit using standardized protocols by
trained staff. Phlebotomists collected blood biospecimens,
which were sent to the Iowa City Veterans Affairs Medical
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TABLE 1. Fatty Acid Values and Cognitive Function Assessment Outcomes

Baseline

Study visit

12 weeks 24 weeks

Fatty acid biomarkers

-3 (EPA + DHA) Index 2.42 % 0.16° 2.55+0.20 4.53 £ 0.31° 4.10 £ 0.28*
»-6/w-3 ratio 11.7 £ 0.59 11.7 £ 0.67 6.39 £ 0.45* 7.36 + 0.59*
EPA 0.53 +0.07 0.58 £ 0.10 1.21%0.14* 1.02 £ 0.10"
DHA 1.87%0.11 1.98£0.13 3.37 £ 0.18* 3.16 £ 0.20°
EPA/ARA ratio 0.07 +0.01 0.07 +0.01 0.15 + 0.02* 0.13 + 0.01*
ARA 8.36 £ 0.27 8.86 +0.26 8.54 * 0.35 8.81+0.40
Cognitive function outcomes
SDMT-0 57.8 £1.61 60.4 *1.51 63.3 + 1.52* 62.9 £1.60"
PDQ total 33.1£2.50 32.4%2.36 25.1%2.00° 26.1%2.14*
PDQ planning 9.43+0.69 8.50 £ 0.65 6.81%0.66" 6.84 0.63*
PDQ prospective memory 6.62£0.66 6.63%0.57 5.03 % 0.46 5.57 £ 0.54"
PDQ retrospective memory 7.73+0.78 8.11+0.71 6.16 + 0.58* 6.41+0.63*
PDQ attention 9.35+0.64 9.20 + 0.64 7.08 £ 0.54* 7.32+0.58"
vaplsget |
Fatty acid biomarkers
®-3 (EPA + DHA) Index 2.34%0.13 2.23£0.14 3.75 % 0.27 3.53 £ 0.30°
0-6/w-3 ratio 11.5 % 0.56 12.3£0.50 8.25 £ 0.56* 8.97  0.63
EPA 0.54 % 0.04 0.49  0.04 0.95 £ 0.10* 0.87+0.13"
DHA 1.79 + 0.11 1.76 £ 0.11 2.82 £ 0.17* 2.66 t0.19*
EPA/ARA ratio 0.07 £ 0.01 0.06 +0.01 0.11+0.02" 0.10 £ 0.02"
ARA 8.38+0.25 8.85+0.29 9.34 £ 0.34 9.65 £ 0.42
Cognitive function outcomes
SDMT-0 60.2 £1.43 61.2 £1.53 62.0 +1.55 63.5 +1.83*
PDQ total 35.1%2.24 25.9 £2.16 29.1+2.71" 25.1+3.03*
PDQ planning 9.31%0.62 9.46 £ 0.67 7.24 % 0.79" 6.20 +0.88*
PDQ prospective memory 7.07 £ 0.54 7.33%0.53 6.37 £ 0.57* 5.54 * 0.69*
PDQ retrospective memory 9.00 % 0.62 9.33%0.60 7.63 + 0.80* 6.57 + 0.82*
PDQ attention 9.75 % 0.67 9.79 £ 0.57 7.870.71* 6.77 £0.83*

ARA, arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; PDQ, Perceived Deficits Questionnaire; SDMT-O, Symbol Digit Modalities Test-Oral.
Note: Within-group statistical significance compared to baseline values indicated by * =P <.05; "= P<.01; *=P<.001.

All values shown in mean + SEM.

Center Department of Pathology for analysis, including
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
arachidonic acid (ARA), w-3 index (EPA + DHA), w-6/w-3
ratio, and the EPA/ARA ratio. These measures were chosen
to capture the range of essential fatty acids that humans
cannot synthesize.

Statistical Analysis

Enrollment variables were assessed using descriptive
statistics to calculate frequencies, means plus or minus
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standard error of the mean (SEM), and medians (IQR).
Outlier data were evaluated for correctness as well as
potential entry errors. Continuous variables were ana-
lyzed as distributions for normality through graphical
observation. Participants who completed the 12- and
24-week assessments were included in the primary analy-
sis. Assessments of treatment group baseline differences
in collected measures were made using 2-sample t and
Pearson y? tests for continuous and categorical measures,
respectively.

International Journal of MS Care
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TABLE 2. Association and Mediation Effect of 12-Week Serum Fatty Acid Changes With Perceived Cognitive Function Changes

PDQ total
Percentage
B-coefficient? mediated
(95% CI) Pvalue (95% CI) Pvalue
w-3 (EPA + -2.05 82 5.94 80
DHA) index (-20.5,16.4) (-40.5,52.4)
e . 2.52 22.6
w-6/w-3 ratio (6.3, 12.0) .60 (£46.9,92.1) .52
1.76 277
EPA g 3
(-37.7, 41.3) 93 (-312,35.6) °°
-3.07 10.5
pHA (‘32.4,259) O3 (c40.6,616) 2
. -78.4 13.5
EPA/ARA ratio £369; 213) .59 (G050 .37
1.21 -0.40
ARA .8 .8
(~14.0, 16.4) 7 (~5.09, 4.30) !

SDMT-0
Percentage

B-coefficient mediated
(95% CI) Pvalue (95% CI) Pvalue
9.56 * —145 6
(0.60, 18.5) = (454, 165) &
-2.15 -170
(-6.17,1.87) 29 (-590, 250) 43
10.4 . -145
(1.98,18.9) 02 (~473,183) =
6.19 -141
(-6:59,19.00 3 (478, 196) “
—-42.1 -14
(174, 89.6) ) (-345,138) i
-0.24 -2.54
(-6.58, 6.11) 94 (-19.6, 14.5) 77

ARA, arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; PDQ, Perceived Deficits Questionnaire; SDMT-0, Symbol Digit Modalities Test-Oral.

Note: *=P<.05; " =P<.01;*=P<.001.

aThe B-coefficient is the degree of change in the outcome variable for every 1 unit of change in the independent variable. The t test assesses whether the B-coefficient

is statistically and significantly different from the effects beyond the covariates.

The dietary effect interactions and 6 outcome measures
(ie, SDMT-O score, PDQ Total Score, 4 PDQ subscales)
were tested using generalized linear mixed models"” with
participant repeated time measures incorporated into the
analysis. The identity link function was used for normally
distributed outcomes. Variables of interest included age,
sex, BMI, smoking status, alcohol consumption, walking
assistance, years since MS diagnosis, disease-modifying
drug therapy, baseline vitamin D, and a baseline 6-minute
walk distance. Measures were modeled individually to
assess their relationships with each outcome, as well as
whether they modified the estimates for the diet and time
interaction. Additionally, given that fatigue® and educa-
tion®® affect the perception of cognitive ability, FSS scores
and education were also included as variables of interest.
Model fits within each outcome were compared among
all predictor sets. The model with the smallest Akaike
information criterion (AIC)* for each respective outcome
model was considered to be the optimal predictor set, with
point estimates, 95% CIs, and P values of the within- and
between-group mean changes also generated.

Linear mixed models controlling for diet and baseline
values were used to evaluate the association of 12-week
changes in serum fatty acid profiles and cognitive func-
tion (PDQ, SDMT-O test), with slope estimates, 95% Cls,
and P values generated for each serum fatty acid. Causal
mediation analyses?® assessed the mediation effect for
the interaction between serum fatty acid profiles and
cognitive function from baseline to 12 weeks, with diet
assignment controlled.

All analyses were conducted as 2-sided tests, o less
than or equal to .05, using SAS software (version 9.4, SAS
Institute, Inc).

International Journal of MS Care

RESULTS

This secondary analysis included 77 participants (39 Wahls
and 38 Swank) who completed the primary study end point
at 12 weeks and 72 participants (35 Wahls and 37 Swank) that
completed 24-week follow-ups. At baseline, there were no
differences in characteristics between groups (TABLE S1).
Participants in both the Swank and Wahls diet groups
exhibited statistically significant standard error of the mean
(SEM) increases in all serum fatty acids, except ARA, at 12 and
24 weeks (P < .05 for all; TABLE 1), as compared with baseline
values. Both groups exhibited significant SEM increases in
SDMT-O at 24 weeks (P < .05 for both), and SEM decreases
for PDQ total score at 12 and 24 weeks (P < .01; Table 1), when
compared with baseline values. No serum or cognitive func-
tion outcome exhibited statistically significant differences
between groups at any point (P > .05 for all; Table 1).
Cognitive function, as assessed by SDMT-O and PDQ,
showed mean change improvements at 12 and 24 weeks
with both groups. Total PDQ scores showed statistically
significant SEM change decreases at 12 and 24 weeks within
the Swank group (-7.37 # 1.72 and -6.30 * 1.68, respec-
tively; P< .0002 for both) and the Wahls group (-6.81 *
2.04 and -10.8 * 2.25, respectively; P< .0002 for both; FIGURE
1A). Scores on the PDQ attention subscale also increased,
showing statistically significant SEM change at these inter-
vals in the Swank (4.54 + 2.22 and 7.20 * 2.31, respectively;
P< .04 for both) and Wahls (8.11 + 2.03 and 12.4 *
2.70, respectively; P < .0001 for both) groups (FIGURE 1B).
The Swank group had increased values in the PDQ retrospec-
tive memory subscale of -2.09 + 0.53 (P < .0001) and -1.87 +
0.54 (P = 0.0005) at 12- and 24-week intervals, respectively, and
the Wahls group had statistically significant SEM increases
of -2.42 + 0.60 (P < .0001) and -3.41 + 0.72 (P < .0001) at the
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same check-in intervals (FIGURE 1C). Similarly, the PDQ
prospective memory subscale had SEM increases at 12 and
24 weeks for Swank (-1.82 + 0.56 and -1.63 + 0.54, respec-
tively; P < .003 for both) and Wahls (-2.19 + 0.69 and
-3.39 * 0.72, respectively; P < .002 for both) groups (FIGURE
1D). Scores on the PDQ planning subscale also presented
SEM decreases of 1.30 + 0.44 (P = 0.003) in the Swank group
at 12 weeks, although this was not statistically significant
at 24 weeks (-0.84 + 0.50; P = .09), and -1.39 * 0.51 and
-2.29 + 0.61 (P < .007) for the Wahls group at 12 and
24 weeks, respectively (FIGURE 1E). SDMT-O values had SEM
increases at 12- and 24-week intervals for both the Swank
(2.93 + 0.89 and 2.56 + 0.97, respectively; P < .009 for both)
and the Wahls (0.87 + 0.78 and 2.32 + 0.91, respectively;
P < .02 for both) groups (FIGURE 1F). All cognitive function
outcomes did not exhibit statistically significant differences
between groups at any point (P > .05 for all).

The 12-week changes in SDMT-O were significantly asso-
ciated with changes in the w-3 (EPA + DHA) index with a
B-coefficient (95% CI) of 9.56 (0.60, 18.5; P = .04) and changes
in EPA with a B-coefficient (95% CI) of 10.4 (1.98, 18.9;
P = .02; TABLE 2). However, no significant mediation effects
were identified (TABLE S2).

DISCUSSION

At the 12- and 24-week follow-ups, when compared with the
baseline, participants with MS who followed the Swank and
Wahls diets showed considerable improvement in serum
fatty acid profiles, which included w-3 (EPA + DHA) index,
w-6/w-3 ratio, EPA, DHA, and EPA/ARA ratio. Similarly,
perceived cognitive difficulties, as assessed by the PDQ,
and objectively assessed cognitive processing speed, as
measured via the SDMT-O, also exhibited favorable
improvements at 12 and 24 weeks when compared with the
baseline. The changes for cognitive information process-
ing speed (specifically SDMT-O) at 12 weeks were associ-
ated with serum fatty acid profiles, including the w-3 (EPA
+ DHA) index and EPA, among participants with RRMS,
although fatty acid changes did not mediate the effect of
diet on cognitive function. This suggests that fatty acids
may be associated with objectively assessed cognitive infor-
mation processing speed, rather than perceived cognitive
impairment. Perception of cognitive impairment may be
impacted by other factors, necessitating further investiga-
tion that includes objective cognitive tests in addition to
self-reported questionnaires.

Cognitive impairment is a common and substantial con-
sequence of MS that negatively impacts QOL.? Assessing
cognitive function is an important component of monitoring
MS development and progression.? This secondary analysis
revealed notable improvements in the scores on the PDQ
total and PDQ subscales, as well as the SDMT-O, following the
Swank and Wabhls diets. These findings corroborate the grow-
ing evidence showing improved cognitive function following
dietary modifications, such as the Mediterranean diet,??
the DASH diet (Dietary Approaches to Stop Hypertension),?

66 vo.26 | No. 2 | March/April 2024

ketogenic diet,* and paleolithic diet,” or supplementation
with polyunsaturated fatty acids (PUFAs).? Participants with
progressive MS who followed a multimodal intervention that
included a modified paleolithic diet showed improved cogni-
tive function after 12 months.? While improvements were seen
in cognitive function, the mechanisms by which diet and/or
supplements improve cognitive function among people with
MS are not well understood and warrant additional research.

Dietary PUFAs are thought to influence cognitive function
in MS.?” In the present study, all serum fatty acids, except
for ARA, improved over the study period. Given that PUFAs,
such as w-3 and w-6, are not synthesized by the human
body, improvement in levels of serum fatty acid profiles in
this study can be attributed to the dietary intervention that
included cod liver oil supplementation. The Swank diet
recommends restricting dietary saturated fat to less than
15 g per day and replacing it with 20 to 50 g per day of oils
rich in mono- and polyunsaturated fatty acids.® In contrast,
the Wahls diet encourages monounsaturated fats from
sources such as avocado, olive, sesame, and sunflower oils, as
well as w-3 fatty acids from sources such as fatty fish, grass-
fed beef, flax, walnut, and hemp oils.5 Additionally, par-
ticipants in both groups were instructed to supplement with
5 g (ie, 1.13 tsp) per day of cod liver oil, a rich source of
w-3 fatty acids, especially EPA and DHA.? Therefore, the
PUFA sources from the diets and supplements likely had
a direct impact on the serum fatty acid profiles of the par-
ticipants for the duration of the study intervention, which
in turn, was associated with the improvement of cognitive
function in the present study.

Emerging evidence links improved cognitive function
with consumption of PUFAs, especially in people with
MS.? This is corroborated by the present analysis that
found an association between SDMT-O, a sensitive objec-
tive tool assessing cognitive functions of processing speed
and visual scanning,? with the 12-week serum level changes
of the w-3 (EPA + DHA) index and EPA following inter-
vention with the Swank or Wahls diets. This association
may be because w-3 long-chain PUFAs, including DHAs,
are major components of neuronal membranes, which
are essential to membrane fluidity,?® as well as the fatty acids
utilized to form myelin sheaths.?” Proper remyelination is
vital to ensure neuronal function and protect axons from
degeneration.? In particular, fatty acid synthesis is found
to be essential for both myelination and remyelination, as
well as having indirect influences on neuronal function,
development, and integrity, all of which influence cogni-
tive function.?”” Additionally, some fatty acids are actively
transported across the blood-brain barrier, such as DHA by
MEFSD2A, which is expressed exclusively in the endothelium
of the blood-brain barrier of micro-vessels,?° thus impact-
ing cognitive function in people with MS. A cross-sectional
analysis from 11 cohorts assessing metabolites linked to
general cognitive function and dementia found that DHA
levels in the blood were associated with higher cognitive
function.? Therefore, the association between serum fatty

International Journal of MS Care



acid profiles and SDMT-O in the present study provides com-
pelling evidence of the role that fatty acids play in cognitive
function in RRMS and merits further investigation.

The link between dietary fatty acids and cognitive func-
tion also may be mitigated by fatty acid-specific inflamma-
tory responses. w-3 fatty acids are shown to have antioxidant,
anti-inflammatory, and neuroprotective effects, while also
influencing multiple inflammatory response mechanisms,
including gene expression and signaling cascades.? A recent
meta-analysis of 13 prospective cohort studies, including a
study of 1353 participants exploring w-3 PUFA consumption
and inflammatory gene expression in MS, found that higher
levels of DHA were significantly associated with lower EDSS
scores.?® This protective association between serum DHA
and EDSS scores has been observed in several studies among
people with MS.#2632 Additionally, this meta-analysis found
that w-3 fatty acids showed notable influence on inflammatory
response gene expression, including upregulation of peroxi-
some proliferator-activated receptor gamma (PPAR-y) gene
expression, with downregulation of tumor necrosis factor-
alpha (TNF-a) and interleukin-1 (IL-1) gene expression.?
Inflammation and neurodegeneration are pathological fea-
tures of MS that impact cognitive impairment.?* Consequently,
the improvement of cognitive function may be influenced by
the anti-inflammatory properties of w-3 PUFAs.

Besides cognitive function, dietary and supplementary
PUFA intake is linked to reduced risk of MS. A multicenter
incident case-control study showed that a higher intake of
w-3 PUFA, specifically derived from fish rather than from
plants, was associated with a decreased risk of first clinical
diagnosis of CNS demyelination.?® An Australian multicenter
case-control study (with sex, age, and study region matched)
found that fish oil supplementation was a major contribu-
tor to the w-3 index, with higher w-3 index values associated
with lower risk of the first clinical diagnosis of CNS demy-
elination.** Similarly, in a double-blind, randomized 12-month
study, participants with RRMS observed a decreased relapse
rate in groups either treated with w-3 PUFAs and olive oil with
daily dietary fat consumption limited to 15% energy or an
olive oil-only group, whose daily dietary fat intake was lim-
ited to 30% energy.” Thus, these studies suggest that either
PUFA supplementation and/or dietary interventions improve
MS-associated outcomes and, in the case of this study,
improve cognitive function.

Although one of the strengths of the present study
included faithful adherence to the assigned diet (> 80%)
among participants in both groups,® there were several
limitations. The generalizability of the present findings are
limited, given the extensive exclusion criteria and the lack
of diversity in the ethnicity, race, and gender in the study
sample. The lack of a “typical diet” comparison arm and
disease activity evaluation further limits these findings.
Given that fatty acids did not mediate the effect of diet on
cognition, further exploration is needed to investigate the
potential mechanism by which fatty acids impact cognition.
Since only 1 version of the SDMT-O was used in the present
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study, the practice effect also may have contributed to the
improvement in participant performance over time.3 Future
studies should strongly consider incorporating varying
SDMT-O forms, as well as objective, comprehensive cogni-
tive assessments that include tests across domains to reveal
more robust associations between fatty acids and cognition
and remedy the practice effect, since SDMT-O was the only
objective measure used to assess cognition and was the only
measure associated with fatty acid changes. Additionally,
all participants were asked to follow a supplement regi-
men that included cod liver oil, which is a rich source of
w-3 fatty acids; thus, changes in serum fatty acid profiles
cannot solely be attributed to diet, as the dietary modifica-
tion cannot be distinguished from the supplement use.
Given the short follow-up period, there is potential for a ceil-
ing effect for fatty acid biomarkers, which may not have been
captured in the present study; thus, longer follow-up studies
would be highly recommended.

The results from this secondary analysis suggest that diet
and supplement interventions that enrich serum w-3 fatty
acid profiles may also improve cognitive function among
individuals with RRMS. Future studies should include cogni-
tive assessment as a component of monitoring MS progres-
sion.? Exploring methods for improving cognitive function,
such as through dietary and supplement interventions,
will likely improve QOL and daily functioning for individu-
als with MS. Diet and supplements can play a vital role as
adjuncts and/or alternative therapies for people with MS.
The implications of this secondary analysis illustrate that
diet and/or supplement regimens rich in w-3 fatty acids may
improve cognitive function among individuals with RRMS.
This study provides evidence for future studies to assess the
intersection between diet (including supplements), serum
w-3 fatty acids, and cognitive function in MS.
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