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Abstract
Background: Research into managing depression and fatigue, 
two typical symptoms of multiple sclerosis (MS), is constantly 
expanding. This study aimed to assess the efficacy of the 
modified Mediterranean (MED) diet or the Traditional Persian 
(TP) diet in terms of fatigue and depression severity in patients 
with MS.
Methods: In this single-center, single-blind, randomized 
clinical trial, 90 patients were enrolled. The patients were 
randomly assigned to either the MED or TP diet intervention 
and control groups for two months between July 2022 and 
February 2023, in Shiraz, Iran. The Krupp Questionnaire for 
Fatigue Severity Scale and the Beck Depression questionnaire 
were used. The Chi square test, Kruskal-Wallis test, One-way 
ANOVA, and backward elimination technique were employed. 
STATA statistical software (version 17) was utilized for data 
analysis. P≤0.05 was considered statistically significant.
Results: The mean age of 90 participants was 35.64±9.12, 
and 82.2% were women. The analysis revealed a negative 
correlation between fatigue severity and MED diet intervention 
(-4.17 [-8.18-0.16]; P=0.04). However, there was no association 
between fatigue severity and TP diet intervention (-3.82 [-7.96, 
0.32]; P=0.07). 
The analysis showed that there was a statistically significant 
relationship between lower depression scores and TP diet 
intervention (-2.89 [-5.59, -0.19]; P=0.03). However, there 
was no association between depression scores and MED 
diet intervention (P=0.22). Lower depression score was also 
associated with older age and higher socioeconomic status 
(P=0.002 and P=0.006). It was also shown that longer duration 
of disease (P=0.05) and higher fatigue severity (P=0.001) were 
associated with higher depression scores. 
Conclusion: Adhering to the MED diet could reduce fatigue 
scores in MS patients while having no effect on the depression 
score. In contrast, adhering to the TP diet recommendation 
could reduce depression scores without affecting fatigue scores 
in MS patients.
Trial registration number: IRCT20181113041641N1.
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What’s Known

•	 There is a lack of scientific 
understanding of diet intervention’s potential 
in managing multiple sclerosis (MS). As far as 
we know, few studies have been conducted 
to investigate the effect of traditional Persian 
food (hot, cold, or balanced food) and 
Mediterranean diet interventions on fatigue 
and depression in MS. 

What’s New

•	 Adhering to the Mediterranean diet 
can alleviate fatigue scores in MS patients 
while having no effect on the depression 
score. In contrast, adhering to the 
traditional Persian diet recommendation 
can reduce depression scores without 
affecting fatigue scores in MS patients. 
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Introduction

Multiple sclerosis (MS) is an autoimmune 
disease that afflicts the central nervous system 
(CNS) with an unknown etiology and a complex 
pathogenesis.1 Approximately 2.5 million people 
worldwide suffer from MS. MS symptoms vary 
depending on the severity of CNS damage, while 
fatigue and depression are the most prevalent 
side effects.2 MS symptom management might 
contribute to improved well-being and quality 
of life. The body of research seeking to identify 
the pathophysiological causes of fatigue or 
depression as two common MS symptoms 
is constantly expanding; however, the actual 
underlying cause remains unknown.3-5 Nutritional 
intervention, as a neutral approach, considers 
the potential of managing MS symptoms and 
promising beneficial outcomes regardless of 
MS activity and progression.6 While research on 
the relationship between diet intervention and 
the management of MS symptoms has been 
conducted, there is still lack of empirical proof 
of the potential of diet intervention, particularly 
the role of traditional diet intervention, in MS 
management.6, 7

According to some studies, environmental 
risk factors, particularly unhealthy diet, are 
associated with an increased risk of MS.8, 9 
However, it is still unknown how diet habits 
would affect patients with MS.7 Some evidence 
showed that diet could influence fatigue and 
depression. Besides, an unbalanced diet could 
exacerbate the condition.2, 10 Previous studies 
indicated that the Mediterranean (MED) diet, 
as an anti-inflammatory diet, could alleviate 
some MS symptoms and that high adherence to 
the MED diet could reduce the risk of MS.11, 12  
This diet is characterized by a high intake of 
fish, fruits, vegetables, whole grains, legumes, 
olive oil, and a low to moderate intake of dairy, 
meat, and poultry. While an umbrella review 
of the meta-analyses found that a MED diet 
improved a variety of health outcomes, including 
a lower risk of mortality, cardiovascular disease, 
myocardial infarction, overall cancer incidence, 
neurodegenerative diseases, and diabetes, 
another umbrella review of the meta-analyses 
found a lack of strong consistent evidence 
for dietary interventions to improve disease 
progression and symptoms in individuals with 
MS.13, 14 Therefore, it appears that there was 
mixed results regarding the impact of food 
interventions based on the MED diet on MS 
fatigue and depression, and more research 
might be beneficial. 

Traditional Persian Medicine (TPM) classifies 
foods as hot, cold, or balanced. Food nature is 

a common concept in TPM as well as traditional 
medicine systems of the Roman, Greek, Indian, 
European, Arabic, and Chinese.15 Despite 
the fact that the concept of natural food is not 
intuitive to scientists, research in this field is 
expanding. Recent studies have examined 
foods using this notion and found that nutrients 
could be one of the key factors in determining 
their cold-hot properties.16, 17 Rezapour-Firouzi 
and others discovered that hot-natured foods 
improved the clinical score of individuals with MS 
through an immunomodulatory mechanism.18 
A study by Sharifi and colleagues suggested 
that dietary patterns that are based on food 
and nature might raise the risk of MS.15 To the 
best of our knowledge, little research has been 
conducted on how Traditional Persian (TP) food 
interventions (hot, cold, or balanced nature of 
food) affect fatigue and depression in patients 
with MS. In a previously published study by the 
authors of the present study, for the first time in 
the world, a dietary pattern based on the cold 
and hot nature of food was established. This 
dietary pattern sereved as the basis of this 
clinical trial research.15

One of the major areas of research in MS 
clinical practice is the impact of diet interventions 
on health outcomes, MS progression, and 
symptom improvement. The purpose of this 
study was to determine the potential impact of the 
MED diet and TP diet on fatigue and the severity 
of depression in patients with MS. The second 
purpose of this study was to investigate the 
effectiveness of the modified MED diet versus 
the TP diet in terms of fatigue and depression 
severity in patients with MS.

Patients and Methods

Study Design and Sample Size Determination 
This single-center, three parallel-arms, 

double-blind, randomized clinical trial was carried 
out from July 2022 to February 2023. The study 
protocol was approved by the Ethics committee 
of Shiraz University of Medical Sciences (code: 
IR.SUMS.REC.1401.525) and was registered 
in the Iranian Registry of Clinical Trials (code: 
IRCT20181113041641N1). The study protocol 
complied with the ethical guidelines of the 1975 
Declaration of Helsinki.

Based on the estimated effect size by Opie 
and others, a mean difference of equal to or more 
than 50% of the baseline score of depressive 
symptoms was estimated.19 In this respect, 
a mean depression score (Beck depression 
questionnaire) of 25±12 was expected to reduce 
to 12±4 as a result of dietary interventions.19 Then, 
with a 5% type I error, a 20% type II error, and 
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a drop rate of 10% for two months, the minimum 
sample size in each group was calculated at 30 
patients. A convenience sampling method was 
used. At first, the research population included 
166 patients. According to the inclusion and 
exclusion criteria of the study, 90 patients were 
selected (figure 1). Prior to data collection, study 
objectives were explained, and all the participants 
provided voluntary written informed consent. 

In the present study, primary outcomes were 
fatigue and depression severity scores, and 
secondary outcomes were MED and TP diet 
adherence.

Inclusion and Exclusion Criteria
Patients who were eligible for the study had 

a definite diagnosis of MS from MS specialists, 
a Kurtzke extended disability status score 
(EDSS) of less than 6, were between the ages 
of 20 and 60, and signed a consent form for the 
research survey. Pregnant women, patients on 
corticosteroid therapy, those with cardiovascular 
disease, taking anticoagulant or antiplatelet 
medications, and patients with psychiatric 

disorders were all excluded. The EDSS was 
measured at baseline by a trained neuroscientist.

Recruitment and Randomization Methods 
A randomized block design was developed 

using an online random sequence generator 
software (Create a blocked randomization 
list|Sealed Envelope). Blocked randomization 
with different block sizes of 3, 6, or 12 was used. 
To conceal the allocation, a fully sealed envelope 
covered in carbon paper was used. A statistician 
prepared the concealment envelopes, which 
remained hidden until the grouping training 
course was completed. 

Interventions and Control Groups 
All patients attended instructional sessions, 

where they were given a broad overview of the 
study groups, educational packages, and study 
objectives. The educational counseling structure 
was consistent for all patients. However, 
educational classes specific to the intervention 
group were added to the educational structure in 
the first, second, and third intervention groups. 

Excluded (n=76)
¨ Not meeting inclusion criteria (n=64)
¨ Declined to participate (n=11)
¨ Other reasons (n=1)

Randomized (n=90)

Lost to follow-up (n=30)

Discontinued intervention (n=0)

Lost to follow-up (n=30)

Discontinued intervention (n=0)

Allocated to intervention (n=30)
♦ Received allocated intervention

(n=30)
♦ Did not receive allocated

intervention (n=0)

Allocated to intervention (n=30)
♦ Received allocated intervention

(n=30)
♦ Did not receive allocated

intervention (n=0)

Analysed (n=30)
♦ Excluded from analysis (n=0)

Analysed (n=30)
♦ Excluded from analysis (n=0)

Enrollment

Allocation

Follow-Up

Analysis

Assessed for eligibility
(n=166)

Lost to follow-up (n=30)

Discontinued intervention (n=0)

Allocated to intervention (n=30)
♦ Received allocated intervention

(n=30)
♦ Did not receive allocated

intervention (n=0)

Analysed (n=30)
♦ Excluded from analysis (n=0)

Figure 1: This figure represents the CONSORT flow diagram of the study.
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After determining the patient’s eligibility for the 
study, a neurologist introduced them to the 
research group. The neurologist was blinded to 
the group randomization procedure. 

In the first intervention group (group A), a 
research team member assessed the patients’ 
adherence to the MED diet using a questionnaire, 
and subsequently the patients received MED 
diet recommendations from a trainer to increase 
adherence to the MED diet.

The second intervention group (group B) 
received four dietary recommendations, based 
on the nature of food in the TP diet, the findings of 
Sharifi and others’ study of the dietary pattern in 
people with MS in Shiraz, and Rezapour’s study in 
Tehran.10, 15, 20 Dietary recommendations included 
consume two servings of nuts per day, consume 
only one serving of sweets and snacks per day, 
avoiding seasoning, and consume four servings 
of hot nature fruits per day but not consume cold 
nature fruits. Details of the recommendations 
were presented in the method section.

The third group (group C), which served 
as the control group, received dietary 
recommendations from the research team’s 
healthcare practitioner, such as consuming less 
salt and lower-fat foods. 

Blinding Procedure 
In this trial, single blinding was used. 

Participants in this study were unaware 
of the study group allocation. Research 
assistants enrolled in one group intervention 
and consultation based on a specific 
protocol. Participants were recruited using 
advertisements in local media channels and 
clinicians’ invitations. The participants were 
randomly assigned to the modified MED diet, 
the TP diet, and the control group using a 
computerized random sequence generator. 
The researcher who was involved in the 
randomization procedure was not involved in 
either the follow-up assessments or analysis.

Fatigue Severity Assessment 
The Krupp questionnaire for fatigue severity 

scale (FSS) was utilized to measure the severity 
of MS fatigue before and 2 months after the 
intervention. The questionnaire included nine 
items on a seven-point Likert scale (1=strongly 
disagree to 7=strongly agree). The obtained 
scores ranged from 9 to 63, with higher 
scores indicating greater fatigue severity. The 
FSS questionnaire was validated by Azimian 
and others in the Iranian population with 
internal consistency (Cronbach’s Alpha=0.96), 
convergent validity (P<0.0001), CVI=0.82-0.86, 
and CVR of at least 0.52 for each item.21 

Depression Assessment
The depression score from the Beck 

depression questionnaire, short form (13 
questions), was used to measure MS-related 
depression at baseline and two months after 
the intervention. Each scale item was scored 
on a four-point scale (0=least, 3=most), with a 
total summed score ranging from 0 to 39. The 
Beck depression questionnaire was validated by 
Dadfar and colleagues in the Iranian population. 
It had acceptable internal consistency 
(Cronbach’s Alpha=0.85), convergent validity 
(P=0.05), CVI=0.82-0.86, and CVR of not less 
than 0.52 for each item.22

The second researcher, who was unaware of 
the participant grouping, completed the fatigue 
and depression questionnaire for each patient at 
the end of the intervention.

Diet Adherences Assessment 
The food intake of individuals in the modified 

MED diet group was assessed and validated 
using the 14-item MED diet adherence in the 
Iranian population.23, 24 The scale included 14 
foods with standard serving sizes regularly 
consumed, with each question scoring 0 or 1.  
Med diet questionnaire was validated by Khalighi 
Sikaroudi and colleagues in the Iranian population, 
with a CVR≥0.714 and CVI=1. Moreover, a 
significant correlation was seen regarding the 
Pearson coefficient for test-retest reliability (r=0.74, 
P<0.001). The MED diet was maintained by 
administering a questionnaire both at registration 
and at the end of the intervention. The range of 
adherence scores was between 0 and 14.

To obtain TP diet adherence for the four 
recommendations listed in table 1, a standard 
three-day food record was used at registration 
and the end of the intervention.25, 26 Then, the 
researcher filled a four-point Likert scale form, 
based on each recommendation assessment 
scaled 0-3, as follows.26 The total adherence 
scores for the four recommendations ranged 
from 0 to 12 (table 2).

Additionally, body weight was assessed by a 
digital scale (SECA scales 799, Seca, Germany) 
to the nearest 0.1 Kg; while wearing light clothing. 
Body mass index (BMI) was calculated by 
dividing weight (Kg) by the square of height (m).

Statistical Analysis 
STATA statistical software version 17 (Stata 

Corporation, College Station, TX, USA) was 
utilized for data analysis. Quantitative and 
qualitative variables were described using 
mean±SD, frequencies, and percentages, 
respectively. To check the normality of variables, 
the Kolmogorov-Smirnov test was used.  
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For the bivariate analysis, the Chi square test, 
Kruskal-Wallis test, and One-way ANOVA were 
employed. To compare the mean response of 
final fatigue and depression scores between 
control and intervention groups, a generalized 
linear model was performed, which was 
adjusted for marital status, level of education, 
socioeconomic status, BMI, physical activity 
duration and intensity, the first symptom of 
MS, disease duration, family history of MS, 
comorbidity, tobacco smoking, drinking alcohol, 
and opium addiction. To do this, data was 
reshaped into a lengthy format and defined as a 
panel data format. 

The probability distribution of the outcome 
variable was assumed to be Gaussian, and 
accordingly, GLM was done. Crude and 
adjusted mean differences and their 95% 
confidence intervals (95%CI) were estimated. 

The final models were fitted using the backward 
elimination technique with an alpha-to-remove 
value of 0.10. The statistical significance was set 
at P≤0.05. 

Results

Data from 90 participants, including 16 (17.8%) 
men and 74 (82.2%) women, were analyzed. 
The mean age of participants was 35.64±9.12, 
and more than half were married (54 [60%]). 
In group A, the baseline MED diet adherence 
score mean was 7±3, which increased to 11±2 
following intervention. In group B, the baseline 
TP diet adherence mean score was 3±1. After 
the intervention, the score was improved 
to 9±3. The details of the demographic 
characteristics of participants are presented 
in table 3.

Table 1: Four traditional Persian diet recommendations for people with multiple sclerosis (MS)
Nuts Pistachio, almond, walnut, hazelnut, and peanut Consume two servings daily
Sweets and snacks Chips, cheese balls, sugar cubes, sugar, honey, jam, cola, 

traditional sweet snacks, chocolate, sugar plum, candy, Halva 
(traditional sweet), pepper, chili sauce, salty vegetables, pickles, 
salt, seasonings, cakes, sweets, biscuits, and crackers

Just 50 g of one type of 
sweets or snacks could be 
consumed per day.

Seasoning Sour lemon, lemon juice, and vinegar Should not be consumed
Fruits Hot-natured Pear, apple, fresh berries, cantaloupe, melon, fig, grape, kiwi, 

persimmon, banana, fruit juice, and fruit compote
Consume four servings daily

Cold- 
natured

Watermelon, apricot, cherry, peach, nectarine, vegetables, 
grapefruit, orange, tangerine, pomegranate, plum, and strawberry.

Should not be consumed

Table 2: Diet adherence assessment scale
Four-point Likert scale for 
each recommendation

Three-day food record, before and after intervention Scale
Day 1 Day 2 Day 3

Excellent adherence Adhere Adhere Adhere 3
Good adherence Adhere Adhere 2
Poor adherence Adhere 1
No adherence 0

Figure 2: Associated factors of final fatigue score used the generalized linear model adjusted for marital status, educational 
level, socioeconomic status, BMI, physical activity, duration, and intensity, the first symptom of multiple sclerosis, disease 
duration, family history of multiple sclerosis, comorbidity, tobacco smoking, drinking alcohol, and opium addiction.
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Table 4 revealed that after the intervention, 
the mean fatigue score was significantly 
different in the control group (47.20±10.12), 
MED diet (41.36±9.18), and TP diet (38.62±8.76) 
intervention groups. There were also 
statistically significant differences between the 
mean depression score in the control group 
(9.56±7.57), MED diet (9.26±6.45), and TP diet 
(3.86±4.04) intervention groups.

Association between Diet Interventions and 
Fatigue and Depression Score

After adjustment, it was observed that the 
MED diet intervention, compared to the control 

group as the reference group in the multivariable 
analysis, was associated with lower fatigue 
severity (-4.17 [-8.18, -0.16]) (table 5 and figure 2).  
However, there was no association between 
fatigue severity and TP diet intervention 
(-3.82 [-7.96, 0.32]). There was an association 
between fatigue severity and depression score 
in multivariable analysis (table 5).

Table 6 and figure 3 show a statistically 
significant association between lower depression 
scores and TP diet intervention (-2.89 [-5.59, 
-0.19]; P=0.03). However, after adjustment, there 
was no association between depression scores 
and MED diet intervention (1.50 [-1.12, 4.13]).  

Table 3: The comparison of demographic characteristics of participants in the Mediterranean diet, Traditional diet, and control groups
Variables Mediterranean 

diet
(Group A)

Traditional 
Persian diet
(Group B)

Control
(Group C)

P value

Age 36.63±8.88 35.37±10.76 34.90±7.76 0.70
Sex, n (%) Male 4 (25) 5 (31.3) 7 (43.8) 0.59

Female 26 (35.1) 25 (33.8) 23 (31.1)
Marital status, n (%) Single 13 (36.1) 10 (27.8) 13 (36.1) 0.66

Married 17 (31.5) 20 (37) 17 (31.5)
Educational level, n (%) Illiterate 0 0 0 0.32

Elementary and high 15 (37.5) 15 (37.5) 10 (25)
Academic 15 (30) 15 (30) 20 (40)

Socioeconomic status, n (%) Low 18 (38.3) 14 (29.8) 15 (31.9) 0.85
High 10 (27.8) 13 (36.1) 13 (36.1)
Moderate 2 (28.7) 3 (42.9) 2 (28.7)

BMI 25.11±4.94 25.87±4.78 26.56±6.39 0.72
Daily physical activity, n (%) Less than 30 minute 11 (26.8) 15 (36.6) 15 (36.6) 0.68

30 minutes 6 (31.6) 7 (36.8) 6 (31.6)
More than 30 minute 13 (43.3) 8 (26.7) 9 (30)

Physical activity intensity, n 
(%)

Low 7 (58.3) 2 (16.7) 3 (25) 0.63
Vigorous 11 (32.4) 12 (35.3) 11 (32.4)
Moderate 1 (33.3) 1 (33.3) 1 (33.3)

The first symptom of multiple 
sclerosis, n (%)

Blurred vision 8 (29.6) 8 (29.6) 11 (40.7) 0.15
Diplopia 2 (18.2) 6 (54.5) 3 (27.3)
Numbness 18 (48.6) 8 (21.6) 11 (29.7)
Weakness 2 (25) 4 (50) 2 (25)
Balance disorder 0 4 (57.1) 3 (42.9)

Duration of disease 5.23±4.34 5.10±4.95 4.73±3.07 0.97
Family history of multiple 
sclerosis, n (%)

Yes  9 (39.1) 7 (30.4) 7 (34.4) 0.91
No 19 (30.6) 21 (33.9) 22 (35.5)

Comorbidity, n (%) Yes  12 (35.3) 6 (17.6) 16 (47.1) 0.08
No 18 (32.1) 24 (42.9) 14 (25)

Tobacco smoking, n (%) Yes  2 (14.3) 6 (42.9) 6 (42.9) 0.26
No 28 (36.8) 24 (31.6) 24 (31.6)

Alcohol, n (%) Yes  2 (14.3) 6 (42.9) 6 (42.9) 0.25
No 28 (36.8) 24 (31.6) 24 (31.6)

Opium addiction, n (%) No 0 1 (100) 0 0.36
Yes 30 (33.7) 29 (32.6) 30 (33.7)

Fatigue score (baseline) 47.53±9.54 45.44±7.57 49.56±10.24 0.24
Fatigue score (after intervention) 41.36±9.18 38.62±8.76 47.20±10.12 0.004
Depression score (baseline) 10.46±6.71 6.07±4.23 8.96±6.71 0.06
Depression score (after intervention) 9.26±6.45 3.86±4.04 9.56±7.57 0.005
Data are presented as n (%) and mean±SD. P values were obtained from Chi Square, Kruskal-Wallis Test, and One-way 
ANOVA tests. P≤0.05 was considered statistically significant. BMI: Body mass index
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In multivariable analysis, there was an 
association between depression score and 
age, high socioeconomic status, and duration of 
disease (table 6).

Other Associated Factors of Fatigue and 
Depression Score

As shown in table 3 and figure 2, there was a 
statistically significant relationship between fatigue 

Table 4: The comparison fatigue and depression of participants in the Mediterranean diet, Traditional diet, and control groups
Variables Mediterranean diet

(Group A)
Traditional Persian diet
(Group B)

Control
(Group C)

P value

Fatigue score (baseline) 47.53±9.54 45.44±7.57 49.56±10.24 0.24
Fatigue score (after intervention) 41.36±9.18 38.62±8.76 47.20±10.12 0.004
Depression score (baseline) 10.46±6.71 6.07±4.23 8.96±6.71 0.06
Depression score (after intervention) 9.26±6.45 3.86±4.04 9.56±7.57 0.005
Data are presented as n (%) and mean±SD. P values were obtained from Chi square, Kruskal-Wallis Test, and One-way 
ANOVA tests. P≤0.05 was considered statistically significant. 

Table 5: Associated factors of final fatigue score using a generalized linear model
Variables Crude mean 

difference (95% CI)
P valuea Adjusted mean 

difference (95% CI)
P valueb

Age 0.05 (-0.15, 0.25) 0.63 0.14 (-0.05, 0.32) 0.14
Sex Male Ref - Ref 0.12

Female -4.96 (-9.75, -0.18) 0.04 -3.49 (-7.91, 0.92)
Marital status Married Ref - - -

Single 0.11 (-3.7, 3.93) 0.95
Educational 
level

Elementary and high Ref 0.06 - -
Academic 3.49 (-.21, 7.18)

Socioeconomic 
status

Low Ref - - -
Moderate -0.82 (-4.74, 3.11) 0.68
High 0.61 (-6.57, 7.79) 0.86

BMI 0.12 (-0.23,0.47) 0.50 - -
Dietary 
intervention

Control Ref - Ref -
Mediterranean diet -3.93 (-8.33, 0.46) 0.08 -4.17 (-8.18, -0.16) 0.04
Traditional diet -6.1 (-10.5, -1.69) 0.007 -3.82 (-7.96, 0.32) 0.07

Daily physical 
activity

Less than 30 minutes Ref - - -
30 minutes -3.27 (-8.15,1.6) 0.18
More than 30 minutes -1.79 (-6.01,2.42) 0.40

Physical activity 
intensity

Low Ref - - -
Moderate -3.68 (-7.73, 0.35) 0.07
Vigorous -4.72 (-13.88, 4.43) 0.31

The first 
symptom 
of multiple 
sclerosis

Blurred vision Ref - - -
Diplopia 0.11 (-4.33, 4.55) 0.96
Numbness  0.95 (-6.11, 8.02) 0.79
Weakness -1.26 (-8.71, 6.17) 0.73
Balance disorder -3.89 (-10.16, 2.38) 0.22

Duration of disease 0.33 (-0.13, 0.77) 0.15 - -
Family history 
of multiple 
sclerosis

Yes  Ref - - -
No 1.81 (-2.31, 5.93) 0.38

Depression score 0.55 (0.31, 0.77) ≤0.001 0.57 (0.33, 0.81) ≤0.001
Comorbidity Yes  Ref - - -

No 0.15 (-1.03, 1.35) 0.79
Tobacco 
smoking 

Yes  Ref - - -
No -3.12 (-8.24, 1.99) 0.23

Alcohol Yes  - - - -
No -0.33 (-5.49, 4.82) 0.89

Opium 
addiction

Yes Ref - - -
No -0.46 (-18.32, 17.39) 0.95

Data are presented as crude and adjusted mean differences and 95% confidence intervals (95%CI). aP values are obtained 
from the generalized linear model. bP values are obtained from the generalized linear model, adjusted for marital status, 
educational level, socioeconomic status, BMI, physical activity duration and intensity, the first symptom of multiple sclerosis, 
disease duration, family history of multiple sclerosis, comorbidity, tobacco smoking, drinking alcohol, and opium addiction. 
P≤0.05 was considered statistically significant. BMI: Body mass index
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severity and depression score (0.57 [0.33, 0.81]). 
According to table 4 and figure 3, there was a 

statistically significant correlation between lower 
depression scores and older age (-0.21 [-0.33, 
-0.08]) and higher socioeconomic status (-5.84 
[-9.98, -1.71]). It was also found that longer 
duration of disease (0.27 [-0.02, 0.55)] and 
higher fatigue severity (0.16 [0.08, 0.23]) were 
associated with higher depression scores.

Discussion

The current study found a negative relationship 
between fatigue severity and MED diet 

intervention. Moreover, a statistically significant 
relationship was found between lower depression 
scores and traditional diet intervention.

The body of research on the relationship 
between diet intervention and MS progression 
and improvement symptoms such as fatigue 
score is conflicting.13, 14 While a meta-
analysis found that a MED diet reduced the 
risk of noncommunicable diseases, such 
as cardiovascular disease, diabetes, and 
neurodegenerative diseases, another meta-
analysis reported a lack of strong, consistent 
evidence for dietary interventions in individuals 
with MS disease progression and symptoms.13, 14  

Table 6: Associated factors of final depression score using a generalized linear model
Variables Crude mean 

difference (95% CI)
P valuea Adjusted mean 

difference (95% CI)
P valueb

Age -0.11 (-0.25, 0.02) 0.11 -0.21 (-0.33, -0.08) 0.002
Sex Male Ref - - -

Female -0.51 (-3.83, 2.81) 0.76
Marital status Single Ref - - -

Married -1.45 (-4.03, 1.12) 0.27
Educational level Elementary and high Ref - - -

Academic 0.08 (-2.48, 2.63) 0.95
Socioeconomic 
status

Low Ref - Ref -
Moderate -0.78 (-3.38, 1.81) 0.55 -0.87 (-3.14, 1.39) 0.44
High -5.32 (-10.1, -0.55) 0.02 -5.84 (-9.98, -1.71) 0.006

BMI 0.11 (-0.13, 0.35) 0.35 0.17 (-0.03, 0.38) 0.13
Dietary 
intervention

Control Ref - Ref -
Mediterranean diet 0.6 (-2.31, 3.51) 0.68 1.50 (-1.12, 4.13) 0.22
Traditional diet -4.35 (-7.25, -1.44) 0.003 -2.89 (-5.59, -0.19) 0.03

Daily physical 
activity

Less than 30 minutes Ref - - -
30 minutes -0.07 (-3.40, 3.26) 0.96
More than 30 minutes -1.22 (-4.11, 1.66) 0.41

Physical activity 
intensity

Low Ref - - -
Moderate -1.77 (-4.51, 0.96) 0.20
Vigorous 0.94 (-5.25, 7.14) 0.76

The first symptom 
of multiple 
sclerosis

Blurred vision Ref - - -
Diplopia -1.19 (-4.18, 1.79) 0.43
Numbness  0.66 (-4.08, 5.42) 0.78
Weakness -4.30 (-9.31, -0.71) 0.09
Balance disorder -1.92 (-6.15, 2.29) 0.37

Duration of disease 0.12 (-0.18, 0.43) 0.43 0.27 (-0.02, 0.55) 0.05
Family history of 
multiple sclerosis

Yes  Ref - - -
No 0.48 (-0.32, 1.29) 0.23

Fatigue score 0.17 (0.09, 0.25) ≤0.001 0.16 (0.08, 0.23) ≤0.001
Comorbidity Yes  Ref - - -

No -0.85 (-3.74, 2.03) 0.56
Tobacco smoking Yes  Ref - - -

No 0.06 (-3.44, 3.56) 0.97
Alcohol Yes  Ref - - -

No -0.74 (-4.24, 2.76) 0.67
Opium addiction Yes Ref - - -

No 2.54 (-9.57, 14.66) 0.68
Data are presented as crude and adjusted mean differences and 95% confidence intervals (95%CI). aP values are obtained 
from the generalized linear model. bP values are obtained from the generalized linear model, adjusted for sex, marital status, 
educational level, physical activity duration, and intensity, the first symptom of multiple sclerosis, family history of multiple 
sclerosis, comorbidity, tobacco smoking, drinking alcohol and opium addiction. P≤0.05 was considered statistically significant. 
BMI: Body mass index 
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The participants with progressive MS were 
more likely to experience fatigue. More physical, 
cognitive, and psychological impairment was 
associated with higher levels of fatigue severity 
and impact.27 People with MS frequently 
experience a lower quality of life due to fatigue, 
regardless of depression or disability. Fatigue 
is a significant socioeconomic consequence 
for patients with MS, with up to 75% reporting 
it, which can lead to lost work hours.3-5 Despite 
the continuous expansion of research efforts to 
identify the pathophysiological causes of fatigue 
in MS, the exact underlying cause remains 
unknown.3-5 Converging lines of evidence 
provide support to the theory of structural 
disconnection and dysfunctional thalamo-
striato-cortical circuits as potential substrates.3, 4 
In the present study, MED diet intervention was 
associated with lower fatigue severity. However, 
there was no association between fatigue 
severity and TP diet intervention. These findings 
were similar to those reported by Yasemin Ertaş 
and others, who found that a MED diet could 
reduce fatigue severity. Thus, patients should 
be encouraged to increase their adherence to 
the MED diet.28 The study by Moravejolahkami 
and others and Bohlouli and others found that 
adherence to MD for 6 months resulted in a 
reduction in fatigue score.10, 20 Certain MED 
diet components, such as consuming less red 
meat, saturated fats, sweets, and more fish, 
might show promise in reducing the severity of 
MS symptoms or fatigue.28 After controlling for 
other variables, the present study found that 
there was no association between the fatigue 
severity score and the TP diet intervention 
after adjustment. Bohlouli and others reported 
similar results, indicating that the TP diet had 

no positive impact effects on fatigue score.20 
This could be a productive area for additional 
work. Since the pathophysiological causes 
of fatigue in people with MS are unknown, a 
more comprehensive study of the relationship 
between diet intervention and MS progression 
and symptom improvement is recommended.

Researchers and clinicians are focusing more 
on diet intervention as a complementary medicine 
for reducing depression, which is significant 
due to the relationship between diet and mental 
health. Previous research found that a diet rich 
in fruits, vegetables, whole grains, fish, olive oil, 
low-fat dairy, and antioxidants, as well as low in 
animal foods was associated with a lower risk of 
depression.29 Furthermore, high consumption of 
red and/or processed meat, refined grains, sugar, 
high-fat dairy products, butter, potatoes, and 
high-fat gravy, combined with low consumption 
of fruits and vegetables was associated with an 
increased risk of depression.29 The present study 
found that there was no association between 
depression scores and MED diet intervention 
after adjustment, while there was a statistically 
significant relationship between lower depression 
scores and traditional diet intervention. According 
to a study conducted by Felice, a traditional diet 
consisting of vegetables, fruit, meat, fish, and 
whole grains was associated with a lower risk 
of major depression.30 The explanation for the 
relationship between TP diet and depression 
severity score is difficult due to a lack of research 
in this area.31 A possible explanation is that a hot-
natured food is high in carbohydrates and vitamin 
B6.17 According to a meta-analysis study, a high 
selenium diet  could improve depression scores, 
and a higher vitamin B6 intake was associated 
with lower depression.32 Furthermore, previous 

Figure 3: Associated factors of final depression score used generalized linear model adjusted for sex, marital status, 
educational level, physical activity duration, and intensity, the first symptom of multiple sclerosis, family history of multiple 
sclerosis, comorbidity, tobacco smoking, drinking alcohol, and opium addiction.
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research indicated that hot-natured food could 
improve clinical scores of MS and depression by 
increasing cytokines such as interleukin 4.18, 33  
These findings are somewhat astonishing, 
given that previous studies showed that foods 
high in vitamin B12 and folate can help with 
depression.34, 35 However, Xie conducted a study 
and found that cold-natured foods are high in 
vitamin B12 and folate.16 Thus, these findings 
should be interpreted with caution. Furthermore, 
a lack of association between depression scores 
and MED diet intervention was an unexpected 
finding. Previous research found an inverse 
significant association between adherence to 
the MED diet and depression in cross-sectional 
and intervention studies; while, no significant 
association was found in cohort studies.36, 37 
This discrepancy could be attributed to the 
small sample size of the trials and the short 
intervention duration. 

The present study found a statistically 
significant relationship between increasing 
fatigue severity and higher depression scores. 
This finding was consistent with that of a 
previous study which reported that fatigue and 
depression were highly correlated in people 
with MS.38 Furthermore, Lee’s study found that 
depression and fatigue were associated with 
increased immune system activation, which 
might be an important target for treatment.39

To the best of our knowledge, this is the 
first clinical trial that aimed to determine the 
impact of a TP diet (hot and cold pattern of 
food) on fatigue and the severity of depression 
in patients with MS. As a result, this topic could 
direct researchers’ attention toward specific 
research areas. Additionally, the findings of 
this study can help healthcare providers and 
specialists to guide the questions of MS patients 
regarding the relationship between TD and 
MD diet in relieving the symptoms of fatigue 
and depression. Although this study provided 
some preliminary insight into the potential role 
of TP dietary interventions in the management 
of depression and fatigue in patients with MS, it 
had several limitations. The energy and macro/
micronutrient intakes, phase of MS, use of 
medications, and nature of the entire diet were 
some of the limitations of the present study. 
The primary focus of this study was on people 
with MS. Thus, more research is required to 
determine the long-term safety and the safety of 
TP diet intervention among patients with other 
autoimmune diseases. 

Conclusion

The findings of the present study indicated that 

adhering to the MED diet for 2 months could 
reduce fatigue scores in people with MS while 
having no effect on the depression score. In 
contrast, adhering to the TP diet recommendation 
could reduce depression scores without affecting 
fatigue scores in patients with MS. Since the 
underlying causes of fatigue and depression 
in MS patients are unknown, a more thorough 
investigation of the relationship between dietary 
intervention and MS progression and symptom 
improvement is recommended. 
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