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Abstract

Background: Among multiple sclerosis (MS) related
symptoms and complications, fatigue might impact
roughly 90% of patients. Decline in cognitive
function is one of the other complications that occur
in the first years after disease onset. The
Mediterranean diet is one of the well-known
anti-inflammatory dietary approaches. Therefore, this
study aimed to explore the effects of a modified
Mediterranean-like diet on cognitive changes and

fatigue levels in comparison with a conventional
standard diet over a 1-year follow-up.

Methods: In the current single-blind randomized
controlled trial, 34 MS patients in the Mediterranean-
like diet group and 38 patients in the standard
healthy diet group were studied for 1 year. The
dietary interventions were modified each month by
an expert nutritionist. MS-associated fatigue level
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was evaluated using the Modified Fatigue Impact
Scale (MFIS). Cognitive assessment was also
performed using Minimal Assessment of Cognitive
Function in MS (MACFIMS).

Results: Intergroup comparisons demonstrated that
after considering confounding variables in ANCOVA,
fatigue scores appeared significantly lower in
patients who were treated with the Mediterranean-
like diet than those in the standard healthy diet
group [Mean 95% confidence interval (Cl)}: 33.93
(32.97-34.89) and 37.98 (36.99-38.97), respectively;
P < 0.001]. However, the intergroup analysis of
cognitive status only showed a difference in the
mean score of Brief Visuospatial Memory
Test-Revised (BVMT-R) subtest of the MACFIMS. The
BVMT-R was higher among standard healthy diet
patients compared to the Mediterranean-like diet
group after the intervention following adjustment for
covariates [Mean (95% Cl): 23.73 (21.88-25.57) and
20.56 (18.60-22.51), respectively; P = 0.020].
Conclusion: In conclusion, the results of this study
highlighted the higher protective effects of the
Mediterranean-like diet against MS-related fatigue
than the standard healthy diet. However, no significant
improvement was observed in the cognitive status of
MS patients after a 1-year treatment with the
Mediterranean-like diet. More randomized clinical
trials with larger sample sizes are needed to elucidate
the effects of dietary modifications on MS-associated
symptoms and complications.

Introduction

Multiple sclerosis (MS) has been recognized as a
chronic disabling disorder, with an autoimmune
origin, which affects about 2500000 individuals
in the world.! According to the registry system
of the Iranian MS Society 1991-2014, it was
estimated that approximately 101.39 per 100
thousand individuals in Tehran, the capital of
Iran, are affected by MS during 1991-2014.
Moreover, its prevalence has been rising with an
alarming rate over the past 20 years. It was also
mentioned that Tehran is ranked as one of the
places with the highest prevalence of patients
affected by MS.2

MS manifests through a variety of symptoms
including sensory and motor impairment in
extremities, ataxia, visual disturbances, fatigue,
behavioral and emotional complications such as
depressive symptoms, as well as cognitive
decline. These different clinical manifestations
appear according to the places of plaques/lesions
within the brain and spinal cord, which occur
subsequent to the demyelination of central
nervous system (CNS) nerves and
neurodegeneration. Symptoms become
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aggravated with the progression of destruction in
the myelin sheath and neuronal transmission
impairment. As is previously hypothesized, in
addition to autoimmune processes, dysfunction in
inflammatory responses also seems to be involved
in the pathogenesis of MS.13

The disorder affects mostly young women
aged between 20 and 40 years and particularly
white adults.! Genetic vulnerability, immune
system overactivation, and environment-related
factors, including smoking, childhood obesity,
low 25-hydroxyvitamin D (25-OH-D)
concentration, and diet-associated factors, are
among the proposed risk factors for MS.4

Although several treatment strategies are
available for MS, a specific strategy has not been
established to date. Current procedures can only
relieve symptoms, reduce the number of relapses,
and control or modify disease progression, mainly
through the inhibition of immune system
activation. Thus, there is still a need for new
treatment options to alleviate MS, control
accompanied symptoms, and reduce the impact of
MS on patients' life.!

Among MS-related symptoms and
complications, fatigue might impact roughly 90%
of patients and can also occur at a very early stage
of disease development. Thus, due to its adverse
effects on different aspects of a person's life,
including a decline in physical, mental,
psychological, and social abilities, particularly
cognition,® designing interventions to alleviate
MS-related fatigue could lead to an improvement
in patients' overall quality of life (QOL).

Moreover, a decline in cognitive function is
one of the other MS-related complications that
could occur in the initial years of disease onset.5¢
Some of the suggested risk factors of cognitive
impairment in MS patients include genetics, age,
and the male gender.” However, it seems that
there is no established and highly effective therapy
to combat the cognitive decline of different
disorders. In this regard, nonpharmacological
options such as neuropsychological interventions
and dietary modifications have been studied
previously; however, their effectiveness is still
under investigation.®

The role of diet in the development,
progression, and alleviation of MS-associated
symptoms has been examined in a number of
studies. For example, it has been suggested that
following a gluten-free diet, having a diet with a
high amount of plant-based foods (vegetables and
fruits) and low amount of high-fat animal-based
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foods (meat and dairy), or increasing the intake of
some beneficial dietary components such as
unsaturated fatty acids, nutritional antioxidants,
and anti-inflammatory agents may also be useful
in preventing and/or controlling MS progression.
There is, however, still no consensus for dietary
advice in these patients, mostly because of the
limitations of the previously designed trials,
including a small number of studied subjects,
short duration of research, and failure to use
double-blind techniques.*68-11

The Mediterranean diet is characterized by
high amounts of mono-unsaturated and poly-
unsaturated fatty acids (MUFA and PUFA) and,
conversely, low amounts of saturated fats along
with high-fiber consumption. The diet is also
comprised of a high content of anti-inflammatory
foods and nutrients such as olive oil, fresh fruit,
vegetables, and other plant foods, whole grains,
as well as fish and seafood; in contrast, a limited
intake of high-fat meats, sweets, and processed
foods is recommended.’? The Mediterranean diet
is one of the popular complementary
approaches to treating a variety of conditions,
especially ~ obesity, = metabolic = syndrome,
diabetes, cardiovascular diseases (CVD),
neurodegenerative diseases, and chronic
inflammatory disorders. A growing body of
evidence showed the protective effects of the
Mediterranean diet against inflammation in
rheumatoid arthritis and Crohn's disease, obesity,
CVD, and even in healthy subjects via
suppressing the expression of a number of
pro-inflammatory factors [tumor necrosis factor
(INF-a), Interleukin-1 (IL-1), and IL-6],
improving endothelial function, and enhancing
the antioxidant capacity of the body. It has also
been proposed that this type of diet might be
related to decreased MS risk.1215

Therefore, the current single-blind,
randomized, controlled trial aims to contribute to
this growing area of research by exploring the
effects of a modified Mediterranean-like diet on
MS-associated cognitive changes and fatigue
levels in comparison with a standard healthy diet
over a 1-year follow-up period.

Materials and Methods

Study participants and randomization: All study
participants of this single-blind, randomized,
1-year clinical trial have been recruited from the
MS clinic of Sina University Hospital, Tehran
University of Medical Sciences, Tehran, Iran.
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From among about 115 relapsing-remitting MS
(RRMS) patients, who had the study inclusion
criteria, 80 patients were enrolled in the study. We
used recommendations of the "Multiple Sclerosis
Clinical Trials: Part 1"¢ as the basis for
determining the inclusion/exclusion criteria.
Moreover, these criteria were established to
reduce the source of bias in the interpretation of
results.’”1? The inclusion criteria (and its
rationale) were the diagnosis of RRMS based on
the McDonald 2010 MS diagnostic criteria (due to
the progressive nature of other types of MS and
higher prevalence of RRMS), undergoing
beta-interferon treatment (to rule out effects of
different treatment modalities and various types
of drugs that could be a source of bias in the
interpretation of results), an Expanded Disability
Status Scale (EDSS) score of < 5.5 (to include more
independent patients and less disabled subjects
because of the nature of the intervention, a dietary
intervention, which necessitates the patients to be
independent to follow the instructions for
preparing 5 meals a day, etc.), an age of 18-55
years and body mass index (BMI) of 18-30 kg/m?
(to reduce the effect of obesity and BMI of more
than 30 on MS progression and response to
dietary intervention).!” To eliminate the effects of
corticosteroids on the immune system, all patients
were in the remitting phase with no relapse over
the past 3 months before the study. Changes in
disease-modifying therapy during the study
and consumption of cytotoxic medications,
antipsychotic ~ drugs, and cortisone were
considered as the exclusion criteria because of
their probable effects on weight gain and the
response to dietary interventions,® and their
likely impact on cognitive status and fatigue?? as
the outcomes of the study. Having a history of
drug abuse, following any special diet because of
medical reasons, suffering from any neurological
condition other than MS, and psychologic or
chronic disorders including head trauma, tumors,
eating disorder, major depression, CVD, as well
as endocrine, metabolic, liver, or kidney
impairment were the other exclusion criteria.
Subjects who were pregnant, breastfed, or had a
planned pregnancy were also excluded. Prior to
enrollment, information on the research
procedures and objectives were given to all
participants. Furthermore, written informed
consent was obtained from all participants.

The study protocol was approved in the
institutional review board of the Iranian
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center of neurological research (research number
= 93-02-54-24463) and received ethical approval
from the ethics committee of Tehran University of
Medical Sciences (93-02-54-24463-316140).

Demographic and anthropometric data and
clinical assessments: After enrollment, all
patients were initially examined by our medical
team, including expert MS-specialist neurologists,
a physician, a registered dietitian, a sports
medicine specialist, and a clinical psychologist.
Data on demographic and socioeconomic
characteristics such as age, sex, educational level,
and job were collected at baseline.

Bodyweight was assessed on a Seca 755 dial
column medical scale with a weighing accuracy of
0.5 kg, and height was measured using a standard
stadiometer with an accuracy of 0.1 cm. BMI was
estimated by dividing weight in kg by height in
square meter.

At the beginning of the study, a neurological
examination was performed to assess the level of
disability using the Kurtzke EDSS and 25-foot
walk test (25-FWT).

Furthermore, data on past medical history and
MS-related features, including the duration of
disease onset, disease progression status, relapse
rate during the last year, and drug abuse history,
were also recorded at baseline.

Fatigue Assessment: MS-associated fatigue level
was evaluated using the Modified Fatigue Impact
Scale (MFIS), which was previously validated in
the Iranian population. This 21-item questionnaire
includes 9 items to assess physical status, 9 items to
determine cognitive status, and 2 items to evaluate
the psychosocial function status.?

Cognitive Assessment: cognitive assessment
was performed at baseline and after a 1-year trial
using a reliable and validated cognitive
questionnaire [Minimal Assessment of Cognitive
Function in MS (MACFIMS)]. The MACFIMS
consists of different subtests including subtests
for assessing memory and mental and visual
processing speed [Paced Auditory Serial
Addition Test (PASAT), Symbol Digit Modalities
Test (SDMT), the California Verbal Learning
Test-2nd  edition (CVLT-1I), CVLT-II delayed
recall, and Brief Visuospatial Memory
Test-Revised (BVMT-R)], evaluating language
[Controlled Oral Word Association Test
(COWAT)], spatial processing assessment
[Judgment of Line Orientation Test (JLO)], and
executive function evaluation (Delis-Kaplan
Executive Function System (D-KEFS) description
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score and DKEEFS total sorting score).?

Intervention: A registered dietitian
interviewed all patients. Data on usual dietary
intake of study participants were collected using
24-hour diet recall for 3 days (2 working days and
1 day on the weekend) to prescribe the specific
diet for each subject considering her/his usual
dietary habits and preferences. At the first visit,
the energy requirement was calculated according
to individuals' anthropometric assessments. After
that, nutritional needs and macronutrient needs
(protein, carbohydrate, and fat) were estimated.
The distribution of macronutrients in the
prescribed diet for patients in both groups was
18-20% for protein, 30% for lipid, and 50-52% for
carbohydrate. Then, patients were visited by the
same dietitian monthly until the end of the study,
and their prescribed diet was adjusted according
to the new weight assessments.

The energy needs and macronutrients were
proportionate to the participants' age, sex, and
BMI In general, the intervention diet was
modified in accordance with the Mediterranean
diet, except for wine and some other unspecified
foods. Thus, some special dietary instructions
were made for patients in the Mediterranean-like
diet group. The advice mainly focused on
encouraging the increasing of the consumption of
healthy oils (especially olive and olive oil), whole
grains, vegetables, fruits and raw and unroasted
nuts and seeds, legumes, and healthy plant based
foods. Moreover, the consumption of fish and
seafood (for about 2 times per week), poultry,
eggs, and low fat or skimmed dairy (daily to
weekly) was recommended. Furthermore, the
participants were instructed to limit the intake of
red meat, fried foods, and refined grains in
addition to minimize the consumption of simple
sugar, sugary foods and beverages, processed
meat, and animal based fats to as low amounts as
possible. The main modification that was made to
the original Mediterranean diet included
eliminating wine and some types of foods
according to the Iranian culture based on religious
beliefs. It is worth noting that all study
participants were Muslim.

Moreover, the participants' usual diet was not
a standard healthy diet, but rather a nutritionist-
aided diet in accordance with the United States
Department of Agriculture (USDA) dietary
guidelines for Americans, 2010. The guidelines
were customized in macronutrients to be
proportionate to the patients' age, sex, and BML
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Furthermore, these guidelines propose food-
based recommendations for promoting public
health, attempting to ensure patients' dietary
requirements have been met, and preventing the
development and progression of chronic disease.

Patients in both groups were recommended to
have 5 meals each day. In addition, the participants
were not aware of the treatment they received (i.e.,
they did not know whether the diet they received
is the control diet or the Mediterranean-like diet).
The Mediterranean-like diet adherence scores were
assessed by applying a 6-item questionnaire
(scored from 0 to 14) every 12 weeks during the
study, the higher the wvalue, the higher the
adherence to the Mediterranean-like diet.

Sample Size Calculation and Statistical
Methods: Randomization was performed using
block randomization methods based on
pre-generated randomization code lists provided by
the 'http://www.randomization.com" website.
Thus, 40 patients were randomly allocated to each
arm of the study in multiple blocks of 4 and 1:1 ratio
according to age and sex. Only the researchers were
aware of the assigned dietary intervention (standard
healthy diet or the Mediterranean-like diet).

The normality of data was assessed using the
Kolmogorov-Smirnov test. Categorical variables
were analyzed, applying the chi-squared test. The

+paired t-test or Wilcoxon signed-rank test was
applied for the comparison of intragroup changes
in variables. In addition, independent sample
t-test or Mann-Whitney U test was used to make
intergroup comparisons. Moreover, intergroup
differences at the end of the trial were determined
using the analysis of covariance (ANCOVA) test
adjusted for age, changes in the Mediterranean-
like diet adherence scores, and BMI, in addition to
the baseline value of each variable. Data are
presented as mean [standard deviation (SD)],
median [interquartile range (IQR)], percentages,
and ANCOVA-derived adjusted means and
95% confidence interval (CI) when appropriate. A
two-sided p-value < 0.05 was considered as
statistically significant. All data analysis was
performed using SPSS software (version 19,
Chicago, IL, USA).

Results

From among 115 patients, 80 individuals met the
study inclusion criteria and were randomly
allocated to either the Mediterranean-like diet or
standard healthy diet group. In addition, 6
patients in the Mediterranean-like diet group
(n = 34) and 2 patients (n = 38) in the standard
healthy diet group were excluded from the study
(Figure 1).

Assessed for eligibility (n = 115)

Enrollment

Excluded (n = 35)

Not meeting inclusion criteria (n = 30)
Declined to participate (n= 5)

4

Randomized (n = 115)

v

v
Allocated to standard healthy diet (n = 40)

Received allocated intervention (n = 40)

\ 4

A 4
Allocated to Mediterranean like diet (n = 40) Allocation
Received allocated intervention (n = 40)
A 4
Lost to follow-up (n = 6) ~
Started to use antipsychotic drugs (n = 4) Follow-up

Lost to follow-up (n = 2)
Had changes in DMTs (n= 1)

Declined to continue for personal reasons (n = 2)

v

Started to use antipsychotic drugs (n= 1)

\ 4

Mediterranean like diet group
Analyzed for changes in fatigue (n = 34) Analysis

Standard healthy diet group
Analyzed for changes in fatigue (n = 38)

Analyzed for changes in cognition (n = 27)

Analyzed for changes in cognition (n = 29)

Figure 1. CONSORT 2010 Flow Diagram for Study Participants
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Table 1. Baseline characteristics and clinical assessments of patients in the studied groups

Variable

Mediterranean-like diet Standard healthy diet P
group (n = 34)

group (n = 38)

Female Sex [n (%)]

Family history of autoimmune disorders[n (%)]
Age (year) (mean + SD)

Education (year) (mean £ SD)

MS Disease Duration (year) (mean + SD)
Total EDSS score (mean + SD)

Total 25-FWT score (mean + SD)

31(91.2) 33 (86.8) 0.55
14 (50.0) 13 (38.2) 0.35
34+8 34+9 0.87
14+3 14+3 0.93
8+5 8+5 0.78
227+1.14 2.40+1.07 0.65
10.07 + 4.5 10.50 + 3.23 0.87

MS: Multiple Sclerosis; EDSS: Expanded Disability Status Scale; 25-FWT: 25-foot walk test; SD: Standard deviation

Finally, 72 subjects completed the survey.
About 91.2% of patients in the Mediterranean-like
diet group and 86.8% of standard healthy diet
group consisted of women. The mean (SD) of age
in the studied subjects in the Mediterranean-like
diet and standard healthy diet groups was 34 (8)
and 34 (9) years, respectively. No differences were
observed between the groups in terms of baseline
disease-related factors (Table 1).

Figure 2 presents the studied groups' adherence
to the Mediterranean diet advises at 4 study time
points. Each time point represents the data
obtained every 12 weeks during a year of follow-
up. Although no significant differences were
observed between the two groups at baseline, the
adherence to this diet was higher in the groups
who underwent treatment with the Mediterranean-
like diet. Mean (SD) Mediterranean diet adherence
scores were 9.45 (2.49) in the Mediterranean-like
diet group versus 7.00 (2.54) in the standard
healthy diet group at the end of the trial (P < 0.001).

Changes in fatigue levels of the studied
groups, according to MFIS scores, are presented
in table 2. At baseline, the mean fatigue score was
significantly higher among patients who were
randomly allocated to the Mediterranean-like diet
group than the subjects in the standard healthy
diet (P = 0.040). After 1 year of treatment with
either of the two diets, levels of fatigue

significantly ~decreased within both groups
(P < 0.050). However, this reduction was more
significant in the Mediterranean-like diet group
(P < 0.001). After considering age, changes in the
Mediterranean diet adherence scores, changes in
BMI, and fatigue scores at baseline in ANCOVA,
fatigue scores also appeared significantly lower in
the patients who were treated with the
Mediterranean-like diet than those in the standard
healthy diet group after a year of follow-up
(P <0.001) (Table 2).

—#— Mediterranean like diet group
Standard healthy diet group

e

[
A O 0o O N

[\S]

Mediterranean like diet adherence
scores

1 2 3 4
Study time points
Figure 2. Comparison of Mediterranean-Like Diet
Adherence Score in the Studied Groups During a Year
of Follow-up
(Each time point represents the data obtained every 12 weeks
during the study.)

Table 2. Changes in body mass index (BMI) and fatigue levels in the studied groups during the study relative to baseline

Mediterranean-like diet

Standard healthy diet

Variable group (n =34) group (n = 38) P
BMI at baseline 27.34 (2.98) 27.67 (1.15) 0.550"
BMI after the intervention 26.01+£2.73 27.29+1.29 0.020"
p# <0.001 <0.001
Fatigue score at baseline 40.05+4.22 38.19+£4.01 0.040"
Fatigue score after the intervention 35.30+£4.20 37.48 £4.36 0.030"
Adjusted fatigue score after the intervention 33.93 (32.97-34.89) 37.98 (36.99-38.97) <0.001™
# <0.001 0.030

“Intergroup comparisons using independent t-test or Mann—Whitney U test, ~ Intergroup comparisons using ANCOVA test adjusted
for age, MS disease duration, changes in the Mediterranean-like diet adherence score, changes in BMI levels, and baseline scores of
fatigue, #Intragroup comparisons using paired t-test or Wilcoxon signed ranking test

Data were presented as mean + SD or median (IQR) or adjusted mean (95% CI) as appropriate.

P < 0.05 was considered as significant.
BMI: body mass index
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No significant differences were observed
between the study groups in terms of PASAT,
SDMT, CVLT-II total learning, CVLT-II delayed
recall scores, JLO, NAART, COWAT, MC9HPT,
and NONDOM subtests. However, the BVMT-R
subtest score was shown to be significantly higher
among standard diet patients after the
intervention following adjustment for covariates
in ANCOVA (P = 0.020). Regarding intragroup

S. Razeghi-Jahromi, et al.

changes, CVLT-II total learning score significantly
increased among the standard healthy diet group
participants, D-KEFS description score slightly
decreased among patients in both groups, and
DKEFS total sorting score significantly reduced
only in the Mediterranean-like diet group
(P < 0.050); in contrast, no significant changes
were observed in the scores of other subtests in
each of the study arms (Table 3).

Table 3. Changes in cognitive status according to Minimal Assessment of Cognitive Function in Multiple sclerosis
subtests scores in the studied groups during the study relative to baseline

Variable Mediterranean-like diet ~ Standard healthy diet P
group (n =27) group (n =29)
PASAT at baseline 41.07 £16.67 41.18+£16.86 0.970°
PASAT after the intervention 44.11+13.01 41.28+19.02 0.510°
Adjusted PASAT after the intervention 42.68 (39.89-45.47) 42.37(39.73-45.01)  0.870™
P! 0.250 0.960
SDMT at baseline 44.96 + 13.07 43.00+11.44 0.530°
SDMT after the intervention 4477+ 13.48 43.00+ 11.44 0.670"
Adjusted SDMT after the intervention 43.37 (40.70-46.04) 45.89 (43.37-48.42)  0.190™
P’ 0.410 0.660
CVLT-II delayed recall at baseline 10.39+2.98 11.00+3.11 0.440"
CVLTH-II delayed recall after the intervention 11.14+£2.95 11.15+£3.01 0.990"
Adjusted CVLT-II delayed recall after the intervention 11.50 (10.31-12.69) 10.12 (8.96-11.28)  0.110*
P* 0.120 0.900
CVLT-II Total learning at baseline 49.39+9.32 50.62 £ 8.90 0.520"
CVLTH-II Total learning after the intervention 47.90 + 8.82 51.56 £10.57 0.720"
Adjusted CVLT-II delayed recall after the intervention 50.79 (47.08-54.49) 50.94 (47.24-54.64) 0.950™
P# 0.500 0.040
JLO at baseline 20.29+5.14 18.13+5.10 0.100°*
JLO after the intervention 19.37+5.30 18.72+£5.32 0.640°
Adjusted JLO after the intervention 18.62 (17.27-19.97) 19.57 (18.30-20.85)  0.330™
P! 0.210 0.130
NAART at baseline 43.00 (5.00) 42.00 (6.25) 0.150"
NAART after the intervention 42.00 (4.00) 43.00 (6.00) 0.170"
Adjusted NAART after the intervention 41.52 (40.21-42.83) 40.95 (39.71-42.19) 0.550™
P! 0.970 0.980
BVMT-R at baseline 21.96 +8.55 22.22+7.39 0.900"
BVMT-R after the intervention 21.56 £9.34 23.81+7.31 0.300"
Adjusted BVMT-R after the intervention 20.56 (18.60-22.51) 23.73 (21.88-25.57) 0.020
P* 0.510 0.060
COWAT at baseline 9.37+3.52) 7.99 +3.08 0.110°"
COWAT after the intervention 9.42 + 3.60) 8.10+2.72 0.110°
Adjusted COWAT after the intervention 8.82 (8.02-9.61) 8.63 (7.89-9.38) 0.750™
P# 0.86 0.700
D-KEFS description score at baseline 13.70+4.92 12.56 + 5.38 0.400"
D-KEFS description score after the intervention 11.98 +4.96 11.22+5.06 0.560"
Adjusted D-KEFS description score after the 10.97 (9.45-12.49) 11.69(1025-13.12)  0.5107
Intervention
P! <0.001 <0.001
D-KEFS total sorting score at baseline 3.68 +1.31 339+ 137 0.400"
D-KEFS total sorting score after the intervention 322+1.32 322+1.33 0.990"
Adjusted D-KEFS total sorting score after the o
intervention 2.92 (2.48-3.36) 3.39(2.98-3.81) 0.140
P! <0.001 0.220

“Intergroup comparisons using independent t-test or Mann-Whitney U test, ~Intergroup comparisons using ANCOVA test adjusted
for age, MS disease duration, changes in the Mediterranean-like diet adherence score, changes in BMI levels, and baseline scores of
subtests, “Intragroup comparisons using paired t-test or Wilcoxon signed ranking test

Data were presented as mean = SD or median (IQR) or adjusted mean (95% CI) as appropriate.

P < 0.05 was considered as significant.

BMI: body mass index; MACFIMS: Minimal Assessment of Cognitive Function in MS patients; PASAT: Paced Auditory Serial
Addition Test; SDMT: Symbol Digit Modalities Test, CVLT-II: California Verbal Learning Test second edition; BVMT-R: Brief
Visuospatial Memory Test-Revised; COWAT: Controlled Oral Word Association Test; JLO: Judgment of Line Orientation Test;
D-KEFS: Delis-Kaplan Executive Function System description
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Discussion

Diet and fatigue: The results regarding the effects
of diet on fatigue demonstrated the ameliorating
effects of both Mediterranean-like and standard
healthy diet on fatigue levels after a 1-year
intervention. Albeit this improving effect was more
pronounced among patients who were treated
with the Mediterranean-like diet, even after
controlling for age, changes in BMI levels, and the
Mediterranean-like diet adherence scores in
addition to fatigue scores at baseline in ANCOVA.

The more significant effects of the
Mediterranean-like diet on fatigue could be
explained  through  various  mechanisms.
Approximately 80% of patients with MS
experience different levels of fatigue, and this
complication has been established as one of the
main disabling symptoms related to MS.%5 MS is
recognized as a disorder with an imbalance in T
cells production toward augmented activation of
T helper 1 and 17 and disturbed function of
regulatory T cells. In addition, evidence
shows that the concentration of TNF-a, a
pro-inflammatory factor, might act as a predictor
for disease progression in MS sufferers. Moreover,
it seems that there might be a correlation between
the level of several inflammatory markers and
MS-associated fatigue.?> In this regard, a review
study reported that the augmented concentrations
of IFNy, TNF-a, and IL-6 might be related to
fatigue levels in MS subjects.® Furthermore,
although the effects of diet on MS-associated
symptoms and complications are not entirely
understood,?® the protective effect of the
Mediterranean-like  diet, which is mainly
composed of a variety of antioxidants, fiber, and
unsaturated fatty acids especially olive oil, on
inflammation through suppressing inflammatory
markers such as CRP, IL-6, and TNF-a has been
confirmed in a growing body of research.?7-30

Our findings are in agreement with those
obtained by Yadav et al® In this study, the
researchers examined the effects of a plant-based
diet with very low fat content (n = 32 MS patients)
compared to a control diet (n = 29 MS patients).
They observed that this diet could significantly
attenuate MS-related fatigue level which was
assessed using the Fatigue Severity Scale (FSS)
(4.89 at Dbaseline, -0.06 points per month
reduction) and MFIS-short version (9.87 at
baseline, -0.23 points per month reduction),
during a year of intervention. In contrast, there
were no differences between the study groups in
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terms of brain MRI results, MS relapse rate, and
disability level; however, the study was not
powered to find differences in these endpoints.3!

Furthermore, it has been suggested that MS
patients with higher BMI levels may experience
higher fatigue levels.®? In the current study, the
BMI of the patients in both groups significantly
reduced, which might also be involved in
attenuating fatigue levels in the studied subjects.

Diet and cognition: In our study, MACFIMS
subtests, which assess the verbal and learning
memory, auditory information processing speed
and flexibility and calculation ability, attention,
speed of information processing visuospatial
ability, verbal fluency, and executive function, did
not reveal any significant differences between the
studied groups neither at the beginning of the
study nor after a year of follow-up. Only after
controlling for confounding variables, the
BVMT-R subtest score that evaluates visual
learning and visual memory was significantly
higher among patients in the standard healthy
diet group. Furthermore, intragroup comparisons
showed a slight decrease in the executive function
scores assessed using the D-KEFS description
score in both studied groups and sorting abilities
evaluated by the D-KEFS sorting score among
patients who underwent the Mediterranean-like
diet intervention. Furthermore, CVLT-II total
learning score that assessed verbal learning
changes significantly increased in the standard
healthy diet group.

These findings regarding the effects of diet on
cognition differ from some previous studies. A
cross-sectional study on 70 patients suffering from
MS in comparison with 142 healthy subjects
showed the higher the adherence to the
Mediterranean diet, the lower the risk of MS.13
Moreover, in a randomized controlled trial on
20 MS patients investigating the effects of a
6-month Mediterranean diet following calorie
restriction for about 10 days, it was shown that
the intervention resulted in increased levels of
attention and memory.3®* However, these results
should be interpreted with caution because it is
not possible to distinguish the effects of the
interventions separately. In addition, the lack of a
control group made it difficult to interpret the
findings.3* Regarding our results, it is noteworthy
that the relatively high adherence to the
Mediterranean diet at baseline and throughout
the study, which was observed in both groups,
might be related to the main modifications that
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were made to the original Mediterranean diet.
These modifications included eliminating wine
and some types of foods according to the Iranian
culture based on religious beliefs. Moreover, as
mentioned in the methods section, the average
macronutrient content of the diets was similar.

In addition, existing evidence shows the
protective role of the Mediterranean diet against
cognition decline, especially in the elderly and
individuals with dementia. Nevertheless, it is
noteworthy that this proposed effect is mainly
based on cross-sectional studies in which the
association between the Mediterranean-like diet
and age-related cognitive decline has been
evaluated. According to the concluding remarks
of the review studies concerning this association,
more robust clinical trials and longitudinal
studies are warranted in order to confirm the
improving outcomes of the Mediterranean diet in
cognitive impairment.34-3

Although our research was unsuccessful in
proving the positive effects of a year of the
Mediterranean-like diet intervention on cognitive
functions in MS patients, there could be some
explanations. MS-related impairment in cognitive
function is an essential reason for the disability
that could be attributed to brain tissue damage,
indicators of its atrophy, and macroscopic MS
lesions.” Genetic factors, age, and being male are
of the most commonly recognized risk factors for
cognitive dysfunction among these patients.” As
mentioned, it is noteworthy that a decline in
cognitive function could occur during the first
years after disease onset even when the level of
disability is not necessarily affected by disease
progression.>¢ Moreover, the mean duration of
disease among studied groups in this trial was
about 8 years, which might not be an appropriate
time to prevent or attenuate impaired cognition in
MS patients. Furthermore, previous studies have
shown that non-pharmacological treatments
could hardly affect cognitive function in MS
subjects.5 In addition, it has been emphasized that
the level of depressive symptoms affect different
aspects of cognitive function and could be an
important factor in determining the cognitive
status in patients.” However, the depression status
of patients was not evaluated in this study.

In an open-label study by Lee et al., the effects
of a multi-intervention strategy consisting of a
modified version of a modified Paleolithic diet
(that excluded gluten sources in the diet, dairy,
and eggs, and increased the intake of vegetables,
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animal, and plant-based protein, and omega 3 rich
oils), exercise practices, stress management, and
neuromuscular electrical stimulation (NMES) on
19 MS subjects were investigated.® It was
demonstrated that during a 1-year intervention,
cognition and depression status improved
significantly.® Moreover, these improvements
occurred concurrently with an enhancement of
fatigue level in patients.

Our study had some strengths and
weaknesses. First, as mentioned, we did not
assess the changes in depression scores of the
study participants. Second, the consumption of
dietary supplements was not recorded. Third, the
comorbidities of MS patients and their impact on
patients' overall health status, QOL, and response
to treatment were not investigated. Fourth, we
were not able to explore the exact energy
consumption or expenditure out of the prescribed
daily calorie for each individual. Fifth, the near-
significant higher adherence to the Mediterranean
diet at baseline, which was observed in the
control arm, might be a source of bias.

The study strengths include the low dropout
rate, long-term duration of the study follow-up,
and the definite diagnosis of RRMS according to
examination by an expert MS-specialist neurologist
based on the McDonald 2010 MS diagnostic
criteria. Moreover, the same drug treatment was
applied for all studied patients who could reduce
the risk of bias in study results interpretation.

Conclusion

In conclusion, the results of this study highlighted
the higher protective effects of the Mediterranean-
like diet against MS-related fatigue than the
standard healthy diet, even after controlling for age,
changes in BMI levels, the Mediterranean-like diet
adherence scores, and fatigue levels at baseline.
However, no significant improvement was observed
in the cognitive status of MS patients after a year of
dietary intervention. More randomized clinical trials
with larger sample sizes are needed to elucidate the
effects of dietary modifications on MS-associated
symptoms and complications.
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