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Abstract: Background: Multiple sclerosis (MS) is a chronic immune-mediated central nervous system
disorder that affects females twice as often as males. MS patients show increased susceptibility to
obesity and related cardiometabolic disorders, while diet may influence disease course. In the present
randomized controlled study, we aimed to increase Mediterranean Diet (MedDiet) adherence in MS
women and improve their nutritional status. Methods: Adult women with relapsing-remitting MS
(n = 40) were randomly allocated to intervention (1 = 20) or control group (1 = 20). Individual dietary
plans based on MedDiet together with nutritional consultation were provided to the intervention
group. Controls received general lifestyle advice according to “National Dietary Guidelines”. Medical
history, anthropometry, dietary records, and blood withdrawal were performed at baseline and at
3 months. Results: Compared to controls, the intervention group demonstrated greater MedDiet
adherence (p < 0.001), which was negatively associated with cholesterol intake levels (p < 0.05). At
3 months, women following MedDiet had ameliorated body weight and body composition compared
to baseline (p < 0.001). Serum 1,25(OH)2D was significantly higher in both study groups at 3 months
(p < 0.001), but in the intervention group, the mean increment was twofold compared to controls
(p < 0.001). Conclusion: Personalized nutritional intervention in MS patients may improve MedDiet
adherence and nutritional status towards cardioprotective health outcomes.

Keywords: relapsing-remitting multiple sclerosis; Mediterranean diet; obesity; cardiovascular risk

factors; inflammation

1. Introduction

Multiple sclerosis (MS) is a chronic immune-mediated neurodegenerative disease that
affects the central nervous system (CNS) [1]. Immune cells (i.e., T cells and macrophages)
enter the CNS by breaking down the blood-brain barrier, and cause inflammatory lesions
that in turn result in demyelination, reactive gliosis, sparing of axons, and finally, neu-
rological disability [2]. It is suggested that the inflammatory state in MS persists under
a genetic—epigenetic—environmental complex causing a variety of clinical symptoms de-
pending on the site of MS lesions [3-5]. In addition to clinical and imaging examinations,
routine blood test for the evaluation of inflammatory indices such as C-reactive protein
(CRP) is usually applied [6]. Serum CRP levels have been shown to increase significantly in
MS patients compared to healthy individuals [6].
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The age of MS onset ranges between 20 and 40 years [1]. MS is usually initiated as a
relapsing-remitting disease that affects females twice as often as males [1]. Over time, about
15—20 years after disease manifestation, most patients enter a second phase, experiencing
gradual clinical deterioration [1,2]. Approximately 2.8 million individuals worldwide suffer
from MS [7].

Patients with MS show increased susceptibility to cardiovascular diseases due to
body weight increment and alterations in body composition towards a higher fat mass
and a lower lean tissue mass [8]. At the same time, there is evidence that obesity is
positively associated with the early onset of MS [9]. A suggested underlying mechanism is
the potential crosstalk between low-grade chronic meta-inflammation of obesity and MS
inflammation as determined by CRP [10].

Dietary factors may have an important impact on MS [11]. The majority of published
data agree that a “Western” type of diet rich in animal fat increases MS susceptibility [12].
A high intake of saturated fatty acids (SFAs) or dietary cholesterol contributes to an athero-
genic blood lipid profile, which in turn is associated with a high risk of MS relapse [13].
High animal fat intake may trigger the inflammatory cascade since they: (a) activate in-
flammatory toll-like receptors; (b) cause prostanoid release; (c) increase endotoxins; and
(d) disrupt the blood-brain barrier integrity [11-13]. Additionally, increased consumption
of animal fat may alter the fatty acid synthesis of the myelin sheaths leading to myelination
defects [13]. Adhesion to a low SFA diet may be more beneficial for patients at early stages
than late stages of the disease, while higher SFA consumption has been correlated with
higher rates of disability [14].

During the last decade, the role of vitamin D (1,25-dihydroxy vitamin D) in MS
has been extensively studied [5]. Low sun exposure and blood vitamin D levels are
considered as significant factors that contribute to MS development and progression [5,15].
To this point, MS rates are higher in northern countries, where sunlight has a shorter
duration [15]. The outcomes of a recent observational study showed that vitamin D
hypovitaminosis correlates with both impaired cognition and disability in newly diagnosed
MS patients [16]. It has been suggested that vitamin D is beneficial to CNS function as it
soothes the pro-inflammatory process, promotes neuronal viability, and enhances neuronal
growth factors [17-19].

The Mediterranean dietary (MedDiet) pattern is hypothesized to be beneficial to MS
patients protecting against the development of cardiovascular diseases [20]. The MedDiet
is mostly a plant-based diet that includes a variety of fruits, vegetables, whole grains, seeds,
legumes, and olive oil, but is characterized by moderate intake of dairy products and low
consumption of animal fats. However, little is known about the cardiovascular effects of
the MedDiet on MS patients at the early stages.

Consequently, in the present randomized controlled study, we aimed to increase
MedDiet adherence in women with relapsing-remitting MS and improve their nutritional
status after a 3-month intervention period.

2. Materials and Methods
2.1. Ethics

Before the start of the trial, the Ethics Committee of Iaso Hospital (Athens, Greece)
assessed and gave approval for the study protocol (Approval Code #E31052019). The trial
was performed according to the principles of the Helsinki Declaration (1964) and terms of
Good Clinical Practice. ClinicalTrials.gov protocol registration code: NCT05175378.

2.2. Participants

Adult women with MS who were outpatients of laso Hospital (Athens, Greece),
were enrolled in the present study. Detailed information was provided using a leaflet, in
which aims and methodology were described before recruitment. All participants fulfilled
informed consent and kept a signed copy. The study took place during the winter season.
All patients were recruited at the first week of December 2020 and the intervention lasted
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3 months. Inclusion criteria: Adult women (>18 years of age) with relapsing-remitting MS
were enrolled. Diagnosis was based on the McDonald criteria [21], and patients should
follow a standardized immunomodulatory therapy or other disease-modifying therapy for
at least 6 months. The patient should be able to walk without aid or work a full day in a
position of average difficulty, as indicated by scores of the Expanded Disability Status Scale
(EDSS) < 4.5 [22]. Patients were included if at least one lesion on brain MRI and/or at least
one relapse occurred in the past two years. Exclusion criteria: Women with concomitant
illness, e.g., malignancy, infections, heart-, liver- or renal failure, congenital metabolic
diseases, malabsorption, or cognitive disorders, were not eligible for this study. Patients
who changed treatment during or <6 months before the start of the trial were also excluded.
Psychiatric conditions, alcoholism, drug addiction, using vitamin or mineral supplements
during or <6 months prior to screening, following a vegan diet <5 years prior to screening
or using weight loss medications were additional exclusion criteria. Pregnant or lactating
women were also not accepted.

2.3. Study Design

A 3-month single centered, randomized controlled study was performed. All patients
were randomly assigned to either the control or the intervention group. An independent
statistician applied simple randomization using a computer software, and provided the
randomization sequence to the principal investigator of the study. The latter completed the
participant form for each patient, including the type of treatment and the patient trial code,
and put it in a sealed box. Blind-to-treatment allocation was maintained to the appointed
physicians, nurses, and data analyst, in order to avoid bias.

At baseline, before the implementation of the trial, a personal interview was conducted
with all participants.

In the intervention group, each MS patient received a personalized daily eating pro-
gram that included specific meals, recipes, and food portions based on the principles of the
Mediterranean diet (MedDiet). The dietary plan and all essential aspects for its design, e.g.,
body mass index (BMI), daily energy expenditure, classification of physical activity based
on the concept of the metabolic equivalent of task (MET), caloric adjustment according to
nutritional status, and macronutrient distribution were created for each individual using a
Clinical Decision Support System (CDSS) database as previously described [23]. In brief,
the CDSS database was firstly introduced at the Medical Nutrition Department of IASO,
Athens Hospital, in 2016 by a team of scientists for clinical practice purposes. The software
has been primarily used to assist clinical dieticians in (a) the nutritional assessment process,
(b) designing dietary programs according to patients’ needs, and (c) monitoring patient
progress. In the present study, the output of CDSS consisted of a daily eating program
renewed every 15 days accompanied by general nutritional recommendations that were
in line with the “National Dietary Guidelines for Adults”, also including physical activity
advice from international organizations, e.g., WHO. These guidelines are addressed to
the Greek adult population in the context of a communication campaign launched by
the Public Health Organization “Prolepsis” in collaboration with the Greek Ministry of
Health [24]. This guide is freely available online and aims to promote nutritional health
awareness of the public towards a healthy body weight and lifestyle, based on the princi-
ples of the Mediterranean dietary pattern. An example of a CDSS eating plan is presented
in Supplementary Materials (Table S1).

In the present study, the daily eating plan and guidelines created by CDSS were
available to patients of the intervention group upon logging into their personal CDSS
account, which in turn allowed them to track their progress regarding body weight, healthy
food choices, and physical activity. Emphasis was also given on vitamin D dietary intake
with moderate consumption (one portion per week) of fatty fish like salmon, mackerel, and
daily intake of vitamin D-fortified foods, i.e., milk, cereals. Individual phone sessions with
the appointed dietician were scheduled every 15 days to assist nutritional consultation.
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On the other hand, patients of the control group received general nutritional and
physical activity advice based on the “National Dietary Guidelines for Adults” [24] by
individual phone sessions with the appointed dietician on a 15-day basis.

Throughout the 3-month intervention, all patients were instructed to keep (a) weekly
food diaries consisting of two weekdays and one weekend day and (b) 24 h dietary records,
which all were assessed remotely by emails and unexpected phone interviews. In all cases,
two personal sessions were conducted with each patient of both groups at baseline and at
3 months.

2.4. Study Assessments

Medical history: The attending physician recorded all aspects of medical history,
including MS stage, EDSS, symptomatology, treatment, cardiometabolic risk factors, and
family history of cardiovascular disease.

Questionnaires: We applied a semi-quantitative Food Frequency Questionnaire (FFQ)
to evaluate dietary intake [25]. Food replicas and pictures were demonstrated to help pa-
tients with the estimation of portion size. The MedDietScore was used to estimate MedDiet
adherence from each FFQ; higher MedDiet scores corresponded to greater adherence [26].
All nutritional questionnaires and self-reported dietary records were processed by the Diet
Analysis Plus software (version 6.1, Wadsworth 2003) for nutrient composition analysis.
In the case of unlisted foods in the software, food labels were entered into the database.
We also assessed levels of physical activity (expressed as METs-min per week) by imple-
menting the “International Physical Activity Questionnaire” [27]. Psychological distress
was evaluated using the self-reported Hospital Anxiety and Depression Scale (HADS) [28].
HADS score greater than 7 indicates a risk of having anxiety or depressive disorders [28].

Anthropometrics: Body weight (BW) in kilograms, fat mass (FM), and fat-free mass
(FFM) percentages were measured at the beginning and at 3 months by air displacement
plethysmography (BOD POD® Body Composition Tracking Systems, Life Measurement,
Inc., Rome, Italy). Patients were instructed to abstain from exercise and any food or drink
at least 2 h before measurement. Height was measured with a calibrated stadiometer to the
nearest 0.1 cm (Seca 217, Seca, Hamburg, Germany). Body mass index (BMI) was calculated
as the ratio of weight (kg) to the square of height (m?). BMI cut-offs for underweight,
overweight, and obesity were <18.5,25.0—29.9, and >30 kg/ m?, respectively [29].

Blood sample collection and measurements: Serum and plasma were isolated from
20 mL of whole blood that was withdrawn from each patient after overnight fasting at
baseline and 3 months. Plasma was isolated in ethylenediamine tetraacetic acid (EDTA)
containing tubes following centrifugation at 3000 rpm for 10 min at 4 °C. The same con-
ditions were used to separate serum in blank tubes after allowing whole blood samples
to clot at room temperature for 20 min. Freshly collected plasma and serum were used
for all analyses. We used an automatic biochemical analyzer (Cobas 8000 modular ana-
lyzer, Roche Diagnostics GmbH, Mannheim, Germany) to measure biochemical indices,
namely serum glucose (Glu), triacylglycerols (TG), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), total cholesterol (CHOL), and C-Reactive protein (CRP). Serum
1,25-dihydroxy vitamin D (1,25(0OH)2D) analysis was performed with an automated chemi-
luminescence system (Cobas e 801 analytical module, Roche Diagnostics GmbH, Mannheim,
Germany). Blood levels of 1,25(OH)2D lower than 18 pg/mL were considered as vitamin
D deficiency [30].

2.5. Primary Outcome and Sample Size Calculation

The primary outcome of the present study was a significant rise in MedDiet adherence
of patients belonging to the intervention group compared to controls at 3 months. Based
on the outcomes of our previous work in early-stage breast cancer [31], when conducting a
two-tailed t-test with 80% power and a 5% level of significance, a minimum 16 patients
per group should be attained to achieve a clinically important MedDietScore difference of
3.0 with a standard deviation of mean (SD) equal to 3. Significant changes in dietary intake
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(e.g., total fat, monounsaturated fatty acids (MUFAs), SFAs, cholesterol, dietary fibers),
cardiometabolic risk factors (such as BMI, FM, serum GLU, total CHOL, HDL, LDL, and
TG), and psychological distress were set as secondary outcomes.

2.6. Statistical Analysis

All analyses were carried out with the SPSS statistical software (version 21.0, SPSS,
Inc, IBM, Chicago, IL, USA). The normality of data distribution was checked with the
Kolmogorov-Smirnov test. For all variables, descriptive statistics was computed; contin-
uous variables were expressed as mean =+ standard deviation (SD), while dichotomous
variables were expressed as counts. To assess the differences between two independent
groups, the Student’s t-test was applied for normally distributed data. For not normally
distributed data, the Mann-Whitney U-test was performed. To investigate differences
within groups between the two time points, the paired samples t-test or the Wilcoxon test
was performed for normally distributed and not normally distributed variables, respec-
tively. Correlations between MedDietScore and dietary, anthropometric, and biochemical
parameters were tested using the Pearson’s or the Spearman correlation coefficients for nor-
mally distributed and not normally distributed variables, respectively. Logistic regression
analysis was carried out to ascertain the effects of age, body composition, dietary intake,
MedDiet adherence, and blood markers on the likelihood that participants were in the
intervention group. Statistical significance was set at p-value < 0.05.

3. Results
3.1. Participants

A total of 40 MS women met the inclusion criteria and gave their consent to participate
in the study. As shown in the study’s flowchart (Figure 1), all patients completed the trial
and were included in the final analysis.

Screening
N =40
Ineligible
N=0

Randomly assigned

Control arm Intervention arm
General nutritional counseling based on Personalized daily eating plan based on
the “National Dietary Guidelines for Greek the Mediterranean diet generated by
adults” Clinical Decision Support System
N =20 N =20

Dropouts Dropouts
N=0 N=0

Assessed at 3 months

Assessed at 3 months

Figure 1. Trial flowchart.

All participants were residents of Attica, Greece, and had a Greek nationality. None
of the participants was underweight, as shown in Table 1. Proportions of overweight and
obesity were 25 and 10%, respectively. There were no statistically significant differences
between the intervention and control groups at baseline, regarding anthropometrics, body
composition, dietary intake, blood markers, physical activity metabolic equivalents, Med-
DietScore, as well as anxiety and depression scores (Table 1). All women were non-smokers
and reported rare alcohol consumption.
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Table 1. Characteristics of MS patients at baseline.

Enrolled Patients Control Group Intervention Group

Characteristics (1 = 40) (1 = 20) (1 = 20) p-Value
Females 40 20 20 -
Age (years) 29+6 308 29+4 NS
EDSS 0.75 £ 1.16 1.0+1.3 0.75£1.16 NS
Fingolimod 4 20 2 -
BW (kg) 71.7 £17.7 720+ 194 714 +16.3 NS
BMI (kg/m?) 244+49 2471 £5.6 240443
<18.5 0 0 0
18.5-24.9 26 14 10 NS
25-29.9 10 4 8
>30 4 2 2
FM% 19.2 £11.0 19.7 £114 18.8 £10.8 NS
FFM% 524 4+10.8 523+ 121 52.6 £9.7 NS
Glucose (mg/dL) 98.5 +15.8 100.6 £+ 6.7 96.3 £ 21.6 NS
Total cholesterol (mg/dL) 193.8 + 45.6 190.2 + 48.2 197.5 + 43.7 NS
HDL (mg/dL) 63.0+£19.2 65.3 £ 16.0 60.8 222 NS
LDL (mg/dL) 117.5 £ 38.5 1182 £ 41.7 116.7 £ 36.0 NS
TG (mg/dL) 104.1 £ 62.5 103.1 £ 70.6 105.2 £ 55.0 NS
CRP (mg/dL) 0.7 £0.1 07+01 07+01 NS
Vitamin 1,25(OH)2D (ng/L) 315+ 3.9 322438 30.8 £ 4.0 NS
METs-min/week 578.1 +£275.0 518.6 4+ 288.7 637.6 = 253.8 NS
MedDietScore 342429 343+31 341+£27 NS
Total fat (g) 61.1+84 59.2 +5.8 63.0 +10.1 NS
Cholesterol dietary (mg) 1779 4+ 40.6 168.7 + 52.2 187.0 + 22.1 NS
Fiber (g/day) 19.0+43 18.0 £ 4.2 20.0+4.3 NS
SFAs (g/day) 17.0 £33 177 £19 16.2 £ 4.1 NS
MUFAs (g/day) 258 £ 6.0 27.8 +4.9 238+ 64 NS
Anxiety score 8.81+4.9 8.71+4.9 89451 NS
Depression score 6.3 3.8 6.15 4.1 6.5+ 3.6 NS

Data are presented as mean =+ standard deviation of mean (SD) or counts. p-Value: comparisons between the
control and the intervention group at baseline using the independent sample ¢-test or the Mann-Whitney test, if
appropriate; the difference was considered significant at p < 0.05. NS, not statistically significant; MS, multiple
sclerosis; MedDiet, Mediterranean diet; EDSS, expanded disability status scale; BMI, body mass index; FM, fat
mass; FFM, fat-free mass; METs, metabolic equivalent of task; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; TG, triacylglycerols; CRP, C-reactive protein; SFAs, saturated fatty acids; MUFAs, monounsaturated
fatty acids.

3.2. Dietary Intake and Mediterranean Diet Adherence

In the intervention group, dietary intakes of total fat, cholesterol, and SFAs were
significantly lower at 3 months compared to baseline, while intakes of MUFAs and fiber
were significantly higher at the same study point (Table 2). Additionally, the control
group had higher total fat intake (p < 0.001) and dietary cholesterol (p < 0.001), as well as
lower MUFA intake compared to the intervention group at 3 months. The intervention
group showed a significant change of the MedDietScore; more specifically, it increased by
3.35 units, indicating a high adherence to the Mediterranean diet compared to controls
(p < 0.001) (Table 2). In fact, the MedDietScore was positively correlated with MUFA intake
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(r =0.642, p = 0.045) and negatively correlated with total fat intake (r = —0.337, p = 0.001).
In the control group, MedDietScore did not change at 3 months.

Table 2. Anthropometrics, blood indices and dietary intake at baseline and 3 months in both the
intervention and the control group.

Baseline (n= 20) 3 Months (n = 20) .
Characteristics Group p-Value p-Value
Mean + SD Mean + SD
Control 714 +16.3 733 +£16.7 <0.001
BW (kg) NS
Intervention 72.0+194 70.1 + 189 <0.001
24.0+43 246 +43
0 0
Control 12 10 <0.001
BMI (kg/m?) 6 3
<185 2 2
18.5-24.99 NS
25-30 247 £5.6 24.0+53
>30 0 0
Intervention 14 14 <0.001
4 4
2 2
control 18.8 +10.8 20.1 £11.0 0.002
FM% NS
intervention 19.7 + 114 185 £11.0 <0.001
control 52,6 +9.7 52.5 +10.1 NS
FFM% NS
intervention 52.3 +12.1 51.5 +12.1 <0.001
control 96.3 +21.6 95.2 +20.5 NS
Glu (mg/dL) 0.05
intervention 100.6 + 6.7 953 +438 <0.001
control 197.5 +43.7 206.8 +48.8 NS
Total Chol (mg/dL) NS
intervention 1954 + 334 193.1 + 35.8 NS
control 60.8 £22.2 67.5+25.2 NS
HDL (mg/dL) NS
intervention 65.3 £ 16.0 634 +175 NS
control 116.7 £ 36.0 119.8 £42.3 NS
LDL (mg/dL) NS
intervention 118.2 +41.7 115.0 + 473 NS
control 105.2 + 55.0 1149 £ 6.0 NS
TG (mg/dL) NS
intervention 103.1 +70.6 90.7 + 514 NS
control 0.7+0.1 0.7+ 0.1 NS
CRP (mg/dL) NS
intervention 0.7 £0.1 0.7+0.1 NS
control 30.8 £4.0 389 +59 <0.001
Vitamin 1,25(0OH)2D (ng/L) <0.001
intervention 322 +3.8 49.1+11.3 <0.001
control 637.6 £+ 253.8 611.5 +224.2 NS
METs-min/week NS
intervention 518.6 £ 288.7 550.6 + 282.1 0.013
control 34.1+27 343+25 NS
MedDietScore <0.001
intervention 343 +3.1 376 £22 <0.001
Control 63.0 +10.1 65.6 +10.3 <0.001
Total fat (g) <0.001
intervention 592 +5.8 53.6 £5.6 <0.001
Control 187.0 £ 22.1 200.5 +25.3 <0.001
Cholesterol dietary (mg) <0.001

intervention 168.7 £52.2 151.1 £ 44.9 <0.001
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Table 2. Cont.
Baseline (n= 20) 3 Months (n = 20)
Characteristics Group p-Value * p-Value
Mean + SD Mean + SD
control 20.0 +4.3 21.2 +3.8 0.068
Fiber (g/d) NS
intervention 18.0 +4.2 233 +45 <0.001
control 16.2 +4.1 16.5 +4.3 NS
SFAs (g/d) - - NS
intervention 17.7 £ 1.9 149 £+ 2.8 0.004
control 238 + 6.4 233+ 6.4 NS
MUFAs (g/d) - - <0.001
intervention 27.8 £49 33.0+£52 <0.001
. control 89 £51 71+£3.6 0.050
Anxiety score 0.014
intervention 8.6 +49 42 +3.6 <0.001
control 6.5+ 3.6 6.4 +42 NS
Depression score 0.020
intervention 6.2+4.1 3.6 £3.0 <0.001

Data are presented as mean =+ standard deviation of mean (SD) or counts. p-Value: differences within group
between baseline and 3 months using the paired samples f test or the Wilcoxon test, if appropriate; difference
was considered significant at p < 0.05. * p-Value: comparisons between the control and the intervention group for
significant changes at 3 months using the independent samples t-test or the Mann-Whitney test, if appropriate;
difference was considered significant at p < 0.05. NS, not statistically significant; MedDiet, Mediterranean diet;
BMI, body mass index; FM, fat mass; FFM, fat free mass; METs, metabolic equivalent of task; HDL, high density
lipoprotein; LDL, low density lipoprotein; TG, triacylglycerols; CRP, C-reactive protein; SFAs, saturated fatty
acids; MUFAs, monounsaturated fatty acids.

Dietary intake of sugars (g/day), vitamin C (mg/day), alpha-tocopherol (mg/day),
and beta-carotene (ug/day), as well as consumption of fish, full-fat dairy products,
red meat, whole grains, and nuts (expressed as portions per week) are presented in
Supplementary Table S1.

3.3. Anthropometrics and Physical Activity

As shown in Table 2, patients following a personalized Mediterranean dietary plan
showed significant decreases of BW, BMI, FM%, and FFM% at 3 months compared to
baseline (p < 0.001). In regards to body weight, 2 out of 20 MS patients of the control group
moved from normal weight to overweight at 3 months, whereas patients of the intervention
group did not demonstrate any change. Last but not least, physical activity levels of MS
women in the intervention group were higher at 3 months than at baseline (p = 0.013) and
remained unchanged in controls, without reaching a statistical significance between the
two groups at 3 months.

3.4. Blood Markers

Serum vitamin D concentrations were significantly higher in both study groups at
3 months (p < 0.001) (Table 2), but in the intervention group, the mean increment was
twofold compared to controls (p < 0.001). Negative correlations were found between serum
vitamin D with dietary total fat (r = —0.426, p = 0.008) and dietary cholesterol (r = —0.535,
p = 0.000) at 3 months. In the intervention group, serum glucose significantly decreased at
3 months compared to baseline (p < 0.001), while the difference between the two groups
tended to be statistically significant (p = 0.05). Blood levels of total cholesterol, LDL, HDL,
TG, and CRP did not change significantly at 3 months in either study group.

3.5. Psychological Distress and Anxiety

As presented in Table 2, significant reductions in HADS depression scale (p < 0.001) and
HADS-anxiety scale (p < 0.001) of the intervention group were recorded, and changes were
statistically different from those in the control group (p = 0.014 and p = 0.020, respectively).
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3.6. Regression Analysis

A binary logistic regression model was performed to ascertain the effects of age, FM,
BMI, SFA intake, cholesterol intake, MedDiet score, and serum TG, HDL, and CRP on
the likelihood that participants were in the intervention group (Table 3). The model was
statistically significant (p < 0.001), and total predictors explained 77.5% of the variability
of the dependent variable and correctly classified 94.7% of the enrolled cases. Dietary
cholesterol and MedDietScore were found to be significant predictors in the model (p < 0.05).
The odds ratio (OR) for MedDietScore was 3.134 (95% CI 1.042-9.424) and for dietary
cholesterol was 0.942 (95% CI: 0.896-0.990). Thus each additional point of MedDietScore
elevation was associated with an increased likelihood by 3.134 of patients with MS being
allocated in the intervention group. Furthermore, the increment of dietary cholesterol
intake was associated with a decreased likelihood for MS patients being in the intervention
group (Table 3).

Table 3. Logistic regression analysis model, odds ratio, and 95% confidence intervals, exploring
the relationship between age, body composition, cardiovascular and dietary variables, and the
intervention group.

Independent Variables B S.E. Wald Sig. Exp(B) 95% C.I. for Exp(B)

Lower Upper

Age 0.432 0.344 1.581 0.209 1.540 0.786 3.021

BMI 0.112 0.333 0.114 0.736 1.119 0.582 2.151

FM 0.039 0.151 —0.068 0.794 1.040 0.774 1.397

HDL —0.035 0.044 0.649 0421 0.966 0.887 1.052

TG —0.019 0.012 2.576 0.108 0.982 0.960 1.004

CRP 1.748 8.902 0.039 0.421 0.966 0.887 1.052
MedDietScore 1.142 0.562 4.136 0.042 3.134 1.042 9.424
Cholesterol intake —0.060 0.025 5.489 0.019 0.942 0.896 0.990
SFAs —0.340 0.266 1.626 0.202 0.712 0.422 1.200

BMI, body mass index; FM, fat mass; FFM, fat-free mass; METs, metabolic equivalents; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; TG, triacylglycerols, CRP; C-reactive protein, MedDiet, Mediterranean
diet; SFAs, saturated fatty acids.

4. Discussion

The present study aimed to assess the effects of personalized lifestyle modifications
on MedDiet adherence of female outpatients with relapsing-remitting MS in Greece. After
the implementation of a 3-month intervention, MS patients that received a personalized
nutritional program together with consultation demonstrated a greater MedDiet adherence
compared to controls and ameliorated body composition and blood markers profiles.

It is well documented that MS is found to be more prevalent in females than males [1,32],
therefore, the nutritional intervention in the present study involved women patients. The
Mediterranean diet has been extensively studied as a protective factor for diseases that
involve chronic inflammation, such as MS [33]. In a recent case-control study, MS patients
were found to be less likely to follow a MedDiet type diet compared to healthy controls [34].
Black et al. (2019) assessed two dietary patterns, a healthy and a Western type. They found
that one-standard deviation increment of the healthy pattern score was associated with a
25% reduced risk of a first clinical diagnosis of central nervous system demyelination [35].
Thus, adherence to a healthy diet such as the MedDiet is an important aspect for MS patients.
In the present study, patients of the intervention group moved towards a higher MedDiet
adherence at 3 months since the mean MedDiet score was significantly improved compared
to the control group by about 3 units. Similar results were observed in a previously
published randomized-controlled study of our research team in which amelioration of
the MedDiet score by about 3 units was related to the improved nutritional status of
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women with breast cancer at stages I-IIIA [23]. In 2015, Hadgkiss et al. reported significant
associations of healthy dietary habits with a lower level of disability in MS patients [36].
In the intervention group of the present study, dietary intake of MUFAs and fiber was
significantly higher, and that of total fat was significantly lower than the control group,
reflecting the principles of MedDiet. Intake of SFAs in the intervention group significantly
declined compared to baseline, although no significant difference has evident between
the two groups (intervention and control group) at 3 months. Saturated fat and dietary
fiber are two dietary parameters that have been appointed by researchers for their role
in MS. Saturated fat is linked to inflammation as well as to the cardiovascular risk, and
mechanisms include the increment of LDL cholesterol and activation of pro-inflammatory
receptors [11,37]. Dietary fibers are beneficial in several ways in MS as they contribute
to the reduction of cholesterol levels—a risk factor for nervous system demyelination
and cardiovascular risk, and improve blood glucose levels. High glucose levels raise
insulin production, which in turn up-regulates arachidonic acid and its pro-inflammatory
derivatives [38]. High fiber foods are fermented by the gut microbiota to produce short-
chain fatty acids (SCFAs), which favor immunomodulation and decline the release of
pro-inflammatory cytokines [11].

The MedDietScore, a tool that estimates adherence to MedDiet and has been linked to
cardiovascular health [27], was used in the present study. Besides the significant increment
of overall MedDiet score in the intervention group, cardiovascular blood biomarkers,
i.e., total cholesterol, LDL, and HDL remained unchanged, except for TG, which tended
to increase (p = 0.060). Additionally, in the intervention group, fasting glucose decreased
significantly at the 3 months.

Another molecule with a pivotal role in chronic inflammatory diseases, including MS,
is vitamin D. It is well documented that serum vitamin D levels are inversely correlated
with MS disease activity and progression [39]. A potential underlying mechanism is
the implication of vitamin D in the regulation of the immune response; immune cells,
i.e., dendritic cells, macrophages, and T and B cells express the vitamin D receptor and the
key enzyme in vitamin D metabolism, 1 a-hydroxylase [40]. For instance, it is suggested
that vitamin D suppresses the maturation of dendritic cells and inhibits the production of
T-cell-derived inflammatory cytokines like interferon-y (IFNy) and tumor necrosis factor-o
(TNF-«x) [40]. According to a recent study that involved patients with relapsing-remitting
MS, vitamin D may exert immunoregulatory effects by favorably changing the expression
of DNA repair genes [41]. The main source of vitamin D is sun exposure, as well as diet
and vitamin D supplementation [39]. Our study took place during the winter months,
a period in which exposure to sunlight is usually insufficient. Furthermore, none of the
patients took vitamin D supplementation. In contrast to controls who received general
advice on vitamin D intake, patients of the intervention group followed a personalized
eating plan that emphasized vitamin D intake, i.e., moderate consumption of fatty fish
and daily intake of vitamin D-fortified foods, i.e., milk and cereals. Results showed that
vitamin D concentration was significantly higher at 3 months compared to baseline for
both study groups, but the mean increment in the intervention group was twofold than
controls. Therefore, we concluded that the personalized diet had an additional impact on
the endpoint vitamin D concentration of the intervention group.

Inflammation has been extensively studied for its relation to cardiovascular disease,
which may have similar pathophysiology to multiple sclerosis. The so-called “healthy diets”
such as the MedDiet are negatively associated with blood levels of inflammatory markers,
compared to Western-type diets, which are considered to promote inflammation [42]. No
significant alteration was observed for CRP levels between groups.

Nutrition-related health conditions such as obesity and cardiovascular disease may
play a role in MS pathogenesis and disease progression [43,44]. In the present study, overall
proportions of overweight and obesity were 25 and 10%, respectively. At 3 months, there
was no change in weight status of intervention participants, nevertheless, two out of twenty
controls moved from healthy weight range to overweight, as expressed by BMI. Obesity is
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positively associated with inflammation and is recognized as an important risk factor for
MS onset, also influencing disease prognosis [45].

The wellness of MS patients implies a holistic approach that combines a healthy diet,
optimal nutrition status, exercise and psychological health. In the present study, personal-
ized consultation resulted in the improved well-being of MS patients, as they had a better
nutritional status, a higher MedDiet adherence, and physical activity levels, as well as less
presence of anxiety and depressive states, as assessed by the HADS scale. Lifestyle factors
such as inadequate nutrition and physical activity have been associated with increased
HADS scores in MS [46], while the MedDiet has been shown to improve depression, anxiety,
and psychological distress [47]. The potential link of MedDiet with psychological disorders
might be attributed to its nutrient content. MedDiet is rich in fibers, MUFA, and omega
3 fatty acids, as well as magnesium, vitamins B1, B2, B6, B12, and folate, which have been
shown to exert favorable effects on psychological distress. The low glycemic index of Med-
Diet could also be beneficial, as it contributes to decreased risk of insulin resistance, which
in turn is protective against psychological distress. Furthermore, the anti-inflammatory
properties of MedDiet have been negatively associated with psychological disorders [46,47].

Multiple sclerosis implies an enormous economic burden on healthcare systems as
well as non-medical costs affecting the patient [48]. To this point, adherence to MedDiet is
characterized by a low cost-effectiveness ratio. It has been reported that MedDiet improves
life expectancy and health status and reduces total lifetime costs [49]. In the present study,
the intervention group received lifestyle guidelines with an emphasis on MedDiet.

Study limitations: We recognize that the sample size of the present randomized
controlled study is small. Nevertheless, patients were enrolled with precise inclusion
and exclusion criteria applying a randomization protocol. We are also aware that the
administration of self-reported tools that assess nutritional or lifestyle factors could be
a source of bias. To avoid this, all questionnaires used in the present trial were already
validated for Greek populations. Despite no evidence of a significant difference in METs-
min/week between groups at 3 months, the observed amelioration of nutritional status in
the intervention group could be attributed to the rise of physical activity levels compared
to baseline, placing a bias in the study outcomes. Another limitation that should not be
neglected is the contamination of the intervention protocol in the control group that is
usually observed in nutritional intervention studies [50]. To address this, all appointed
researchers were well experienced, being able to identify and resolve possible disparities
throughout the intervention process.

5. Conclusions

In the present randomized controlled study, provision of personalized nutritional
intervention based on the principles of MedDiet together with consultation for 3 months,
improved MedDiet adherence in women with relapsing-remitting MS. Patients following
MedDiet ameliorated body weight towards a favorable body composition, and improved
serum 1,25(0OH)2D, a vitamin with a central role in CNS function and cardiovascular
health. Therefore, increased adherence to MedDiet may exert beneficial effects against car-
diometabolic disorders in women with MS. However, larger randomized controlled clinical
trials are needed to confirm the cardioprotective properties of MedDiet in MS patients.
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