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Abstract

Background: A growing number of clinical trials have
investigated the role of diet in multiple sclerosis (MS)
patients. We systematically reviewed the literature for
clinical trials to assess the impact of different kinds of
diets on MS-related outcomes.

Methods: We searched MEDLINE, EMBASE, and Web
of Science for relevant studies published before July
2019. The clinical trials included a defined dietary
intervention and MS outcomes, including fatigue,
relapse rate (RR), quality of life (QOL), and disability.
Results: In the present review, 15 trials on 669 MS
patients were included. The 2 plant-based diet trials,
1 was low-fat and the other was low-calorie, included
in the review showed a large effect (ES: 0.6 to 0.7) on
fatigue compared to the regular diet. The other
plant-based diet was a low-protein diet and showed
moderate to large effects on disability and RR
compared to the Western diet. Moreover, 2 studies
showed the clinically meaningful effects of the
ketogenic diet (KD) on QOL and disability compared

to the regular diet. In addition, 2 studies compared fish
oil (FO) to placebo and found a small effect on
disability (ES: 0.1 to 0.3). There were 2 studies that
evaluated evening primrose oil and hemp seed oil and
showed medium to large effect (ES: 0.7 to 1.5) on RR
compared to olive ail. Finally, we found 2 studies that
showed high flavonoid cocoa had a moderate effect
(ES: 0.4) on fatigue and a small effect (ES: 0.04) on QOL
compared to low flavonoid cocoa.

Conclusion: Plant-based diet is a backbone for dietary
recommendations in MS patients although low-fat,
low-calorie, and KD diets with the addition of fish oil,
vegetable oil, and flavonoids could be helpful.

Introduction

Multiple sclerosis (MS) is an immune-mediated,
chronic inflammatory, and neurodegenerative
disorder of the central nervous system (CNS) that
results in physical and psychological disabilities.!3
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These disabilities in young people with MS
negatively impact the socio-economic condition of
either the affected person or their families.4>

Scientists emphasize that dietary
recommendations are a principal part of the
multifaceted therapy as the best choices for the
treatment of MS because the available medicines
alone have not been able to control MS progression
and outcomes.®® There are two considerable
aspects in dietary recommendations that can
reduce the disease progression trend in MS
patients, one results in nutritional deficiency
prevention, and the other results in following some
specific diets that help MS treatment.?10

In this way, some studies have shown that
specific diets characterized by low fat, low calories,
low protein, or rich in vegetables might
regulate the immune system function and
modulate the disease activity in MS patients.’12 In
this study, we have systematically searched and
reviewed the literature only for clinical trials that
have assessed the effects of diets specific to the
management of disease-related outcomes;
however, we did not find enough evidence for
definite recommendations.

Materials and Methods

Literature search: The authors provided a search
strategy and searched MEDLINE (PubMed
interface), EMBASE (OVID interface), and Web of
Science using MeSH terms and keywords related to
MS and diet according to supplementary file 1. Our
search was limited to full articles and human studies
in English without time limitations. Finally, the
results were categorized using EndNote. The
present study protocol is available in PROSPERO
with the identifier code CRD42019144969.

Selection criteria: Only full English articles of
clinical trials in patients with all types of MS were
included in the present review. The control groups
in the included studies could have received any
type of placebo or diet.

Interventions included the following food
components and dietary patterns:

Carbohydrates such as grains, beans, legumes,
cereals, etc./Proteins such as egg, fish, red meat,
etc./Fats such as olive oil, nuts, and fish oils, plant
oils, etc./Fibers such as fruits and vegetables,
etc./Beverages such as alcohol, coffee, tea,
etc./Dairy  products/and Dietary patterns
(a composition of food groups), e.g. Ketogenic and
plant-based diets, etc.

In addition, animal studies, reviews, letters or
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abstracts from conferences, observational studies,
case reports, and articles focusing on children,
pregnant, or lactating women were excluded.
Moreover, studies with micronutrients or chemical
product supplementation (e.g., vitamin D, iron,
omega-3, and probiotics) were excluded. The
eligible articles were determined by 2 independent
authors (SB and EK) according to the mentioned
inclusion and exclusion criteria, with a hierarchical
strategy based on the screening of titles and
abstracts in the first step and the screening of full
texts in the second step (figure 1). All review articles
were retained to avoid doing repetitious work.
Data extraction: Data, including general
characteristics of included studies and disease-
related outcomes, were extracted by 2 independent
authors. General characteristics of studies included
first author, year, country, size of samples at
baseline and the end of the study, gender and age
of patients, intervention duration, types of dietary
interventions, and details of methods. The
measured outcomes included disability, relapse
rate, fatigue, and quality of life (QOL). The
outcomes were possibly evaluated by the
calculation of effect size (mean and 95% Cl.) using
Cohen’s d test; d =0.2, 0.5, and 0.8 are indicative of
small, medium, and large effects, respectively.

Results

Search results: We found 4,073 articles on PubMed,
971 articles on Web of Science, and 418 articles on
EMBASE, from among these, 906 articles were
eliminated because of duplicated findings. After
screening of titles and abstracts, 33 out of 4,556
publications were considered as eligible studies
and 19 were excluded due to lack of a proper
design (n = 9), lack of required data (n = 3), and
lack of defined interventions (n = 7) (figure 1).
Finally, we found 1 more article through hand
searching of references in eligible studies. The
general characteristics of the 15 included studies
and 669 enrolled patients are presented in table 1.
Moreover, the effects of dietary interventions on
patients were extracted and are presented in table 2.

Plant-based diet: We detected 3 studies that
assessed the effect of plant-based diets on MS
patients (Table 1).1315 Yadav et al. investigated the
effect of a low-fat, plant-based diet for 12 months
characterized by consuming a high amount of
fruits and vegetables, especially starchy vegetables
(beans, potatoes, rice, pasta, and corn), and
restricting animal products (eggs, dairy, fish, and
meat) and vegetable oils.
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Figure 1: The flow diagram of the study

This diet meets the mean energy percentage of
10, 14, and 76 from fat, protein, and carbohydrate,
respectively. It improved fatigue with medium to
large effect size (P = 0.040, ES: -0.6 to -0.7) in MS
patients compared to the usual diet in the control
group. This dietary pattern could not significantly
change disability, QOL, and physical function.’

The intervention in the study by Riccio et al.
included a calorie-restricted and semi-vegetarian
diet for 7 months characterized by a calorie intake of
1700-1800 kcal including 50% carbohydrate, 30% fat
(mainly fish, olive, and vegetable oils), and 20%
protein per day in comparison to a regular diet in
the control group.’* The diet included a high
consumption of vegetables, fruits, nuts, fish, oysters,
unrefined bread and pasta, soy, low-fat dairy
products, olive oil, tea, and coffee. Alternately, there
was low consumption of salt, sugar, animal fat, and
red meat (once or twice a week), fried or processed
foods (once every 2 weeks), cakes (once a week),
alcohol (once a week), and no consumption of
processed sweetened drinks and snacks. The diet
showed no significant p-value for the variations in
fatigue, QOL, and disability, but we calculated a
medium to large effect in fatigue (ES: -0.78) and
QOL (ES: -3.06) in MS patients.’* Saresella et al.
evaluated a 12-month diet described as high-
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vegetable and low-protein.'> This was rich in fruits,
vegetables, legumes, nuts, whole grains, and olive
oil while it was poor in animal proteins including
fish (twice a week), poultry (once a week), eggs
(4 times a week), and dairy products (once a week).
Patients limited the intake of refined grains, sugar,
salt, fried foods, red meat, and saturated fats, while
the control group followed a Western diet rich in red
meats, refined grains, sweet or salty foods, and
omega-6 or saturated fatty acids. The results
showed a large effect on disability (P < 0.001,
ES: -7.89), and relapse rate (RR) (P = 0.030, ES: 9.23)
was reduced (Table 2).15

Ketogenic and fasting diets: Two articles that
evaluated the efficacy of ketogenic and fasting
diets in MS patients are available in table 1.1617
Choi et al. examined the effects of 2 dietary
interventions, including the ketogenic diet (KD)
and the fasting-mimic diet (FMD) in comparison
with the German diet (GD) as the control group
over a 6-month period in MS patients.’® The KD
group had a daily consumption of less than 50
grams of carbohydrates, less than 100 grams of
proteins, and more than 160 grams of fats. Another
group with the FMD diet followed a
Mediterranean diet for 6 months after experiencing
a 7-day fasting.’
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Table 1. General characteristics of included studies and diet interventions

Author, Study Disease Number of Mean age Number of Disease Interventions & placebo Mean
Country design course at participants in (SD): men/women duration, mean duration of
enrollment the: intervention intervention in the (SD) or range: intervention
& control groups & control intervention intervention & (months)
at start/end groups (year) & control control groups
of study groups (year)
Yadav et al., P RRMS* 32/29 & 26/27 40.8 (8.86) & 31/1 & 26/3 5333.63) & Intervention: Low-fat, plant-based diet + at 12
USAB SB* 40.9 (8.48) 5.30 (3.86) least 30 min of moderate intensity activity on
RCT" at least 5 days per week
Control: Usual diet + at least 30 min of
moderate intensity activity on at least 5 days
per week
Riccio et al., P RRMS 11/10 & 11/10 NR* 10/1 & 8/2 NR Intervention: 7
Italy'* RCT PPMS* Calorie-restricted and semi-vegetarian diet
Control: Regular diet
Saresella et al., P RRMS 10/10 & 10/10 423344 & 82 &7/3 92(9.4) Intervention: High-vegetable, low-protein 12
Italy's CT" 48.6 (6.02) & 11.5(11.6) diet
Control: Western diet
Choi et al., P RRMS 20/20 & 18/12 444 (11.1) 15/13 & 9/3 11(77) & Intervention: FMD" for 7 days followed by 6
USA! RCT & 9.9(9.2) MD" for 6 months
50.5(10.4) Control: Regular diet of the German
population
Choi et al., P RRMS 20/20 & 18/12 41382) & 14/4 & 9/3 6.3 (4.3) Intervention: KD 6
USA'® RCT 50.5 (10.4) &9.9(9.2) Control: Regular diet of the German
population
Bock et al., P RRMS 18/18/12 & 444(11.DH & 153 & 1177 & Intervention 1: PF* 6
Germany'!’ RCT 18/18/12 41382 & 14/4 & 63(43)& Intervention 2: KD
50.5(10.4) 9/3 9.9(9.2) Control: CD*
Irish et al., P RRMS 17/17 & 8/9 345057 & 7/1 & 8/1 NR Intervention: MPDI* 3
USA™® RCT 37.1(3.7) Control: Usual diet
Ramirez- P MS 25/25 & 20/19 35.1(7.6) & 4/21 & 4/21 7.14 (4.79) Intervention: FO* capsules (4 g/day) 12
Ramirez et al., PC” 347 (7.8) & containing 0.8 g EPA, 1.6 g DHA and
Mexico" DB* 6.68 (5.69) excipient containing glycerin, purified water,
RCT tocopherol, sunflower oil, and titanium
dioxide).
Control: 4 g/day placebo containing glycerin,
purified water, tocopherol, sunflower oil, and
titanium dioxide
Torres-Sanchez P RRMS 23/23 & 23/23 35.1(7.6) NR 7.1 Intervention 1: FO capsules (4 g/day) 12
et al., Mexico® DB (For all) (For all) containing 0.8 g EPA™ and 1.6 g DHA"
RCT Intervention 2: OO capsules containing 1 g
oleic acid
Curr ] Neurol, Vol. 21, No. 1 (2022) 55
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Table 1. General characteristics of included studies and diet interventions (continue)

Author, Study Disease Number of Mean age Number of Disease Interventions & placebo Mean
Country design course at participants in (SD): men/women duration, mean duration of
enrollment the: intervention intervention in the (SD) or range: intervention
& control groups & control intervention intervention & (months)
at start/end groups (year) & control control groups
of study groups (year)
Weinstock- PC RRMS 15/16 & 13/14 39.9 (10) 122 & 1172 4.6 (3.5) Intervention 1: Low fat diet (15% fat) + FO 11(2.9)
Guttman et al., P & & (6 capsules per day; 1g" total)
USA?! DB 45.1(7.7) 6.9 (5.9) Intervention 2: Low cholesterol diet (< 30%
RCT fat and < 10 % saturated fat) + OO (6
capsules per day; 1 g total)
Zandi-Esfahan P RRMS 25/25 & 21/20 35.19(9.97) 13/12 & 16/9 NR Intervention: One capsule per day containing 12
et al., Iran?? PC & 1 gr FO
DB 31.40 (8.41) Control: Placebo capsule
RCT
Rezapour- P RRMS 34/33/33 342(75) & 16/7 & 6.29(3.9) & Intervention 1: 18-21 g/day of HSO* + EPO* 6
Firouzi et al., DB & 359(7.8) & 11/11 & 7.55(5.08) & + Hot-nature diet
Iran? RCT 23/22/20 33.7(7.8) 15/5 6.60 (4) Intervention 2: 18-21 g/day of OO
Intervention 3: 18-21 g/day of HSO +EPO
Majdinasab P RRMS 26/26 & 26/26 20-55 y/o 20/6 & 18/8 1-5&1-5 Intervention: capsule containing 1 gr/day 3
etal., [ran** PC & EPO
DB RCT 20-55 y/o Control: Placebo capsule
Adalat et al., P MS 26/26 & 26/20 36.8(74)& 20/6 & 16/4 7.1(5.8) & 12 Intervention: Herbal extract syrup of saffron, 1
Iran? PC 3509) (5.6) cinnamon, St John's wort, and grapes
DB Control: Herbal extract syrup of St John's
RCT wort and grape
Coe et al., UK?* CO* RRMS 12/12 & 12/12 54 (10.56) 10/2 15.21 (8.57) Intervention: Cocoa with high flavonoid 1 day
SB SPMS* (For all) (For all) (For all) containing 350 mg gallic acid/g
RCT PPMS Control: Cocoa with low flavonoid
containing 120 mg gallic acid/g
Coe et al., UK? P RRMS 19/21 & 19/19 41 (11) 14/5 & 16/5 <10 year Intervention: High flavonoid cocoa powder 14
PC & diagnosis of MS mixed with heated rice
DB, 46 (8) (For all) Control: Low flavonoid cocoa powder mixed
RCT with heated rice

G: group; NS: Not Significant; EDSS: Expanded Disability Status Scale; MSFC: Multiple Sclerosis Functional Composite; RR: Relapse Rate; MFIS: Modified Fatigue Impact Scale; QOL: Quality of
life; SF-36: Short Form 36 Health Survey Questionnaire; MHI: Mental Health Inventory; FSS: Fatigue Severity Scale; Neuro-QOL: Neurology Quality-of-Life; 6MWT: 6 Min Walk Test; VAS: Visual
Analog Scale; MS-54: Multiple Sclerosis Quality of Life 54; FMD: Fasting Mimicking Diet; KD: Ketogenic Diet; CD: Control Diet; T25FW: The Timed 25 Foot Walk; 9HPT: 9-Hole PEG Test;
PASAT: Paced Audio Serial Addition Test; WD: Western Diet; HV/LP: High vegetable/ Low protein; PF: Prolonged Fasting diet; MHI: Mental Health Inventory; PCS: Physical Component Scale;
Im: Immeasurable according to reported data
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Table 2. Disease related outcomes and main conclusions

Author, Country Outcome P, effect size, and conclusion
measures used
Yadav et al., 1) Fatigue: a) FSS®  FSS: Intervention G: decreased by 0.06 points per month/ Control G: increased by 0.18 points per month/ P-value of differences
USA®B b) MFIS* between the two groups: 0.06/ ES: -0.66: medium to large
2) Relapse: RR” MFIS: Intervention G: decreased by 0.23 points per month/ Control G: increased by 0.43 points per month/ P-value of differences
3) Disability: between the two groups: 0.04/ ES: -0.70: medium to large
a) EDSS* RR*: Change in intervention G: 0.37/ Change in control G: 0.47/ P-value of differences between the two groups: 0.56/
b) MSFC* ES: 0.16: Small

Riccio et al., Italy'

Saresella et al.,
Italy'®

Choi et al., USA'®

Choi et al., USA!6

Bock et al.,
Germany'’

4) QOL": SF-36

1) Disability:
EDSS
2) Fatigue: FSS
3) QOL: FS-36

1) Disability:
EDSS
2) Relapse: RR

1) QOL: MS-54
2) Disability:
EDSS

1) QOL: MS-54
2) Disability:
EDSS

QOL: MS-54

MSEFC: P-value of differences between the two groups: NS/ ES: Im
EDSS: P-value of differences between the two groups: NS/ ES: Im
SF-36, Mental: P-value of differences between the two groups: NS/ ES: Im
SF-36, Physical: P-value of differences between the two groups: NS/ ES: Im
Conclusion: This diet resulted in moderate improvement in fatigue in MS patients.
EDSS: Intervention G: baseline: 1.91 (1.44 to 2.38) / after: 1.91 (1.44 to 2.38)/ Control G: baseline: 1.8 (1.29 to 2.31)/
after: 1.8 (1.29 to 2.31)/ P: NS/ ES: 0
FSS: Intervention G: baseline: 30.09 (3.79 to 56.4)/ after: 29.91 (22.6 to 37.2)/ Control G: baseline: 23.4 (14.1 to 32.7) /
after: 25.9 (15.5 to 36.3)/ P < 0.050/ ES: -0.78: medium to large
FS-36: Intervention G: baseline: 100.18 (93.6 to 107) / after: 98.73 (93 to 104)/ Control G: baseline: 103 (99 to 107) /
after: 105.1 (101 to 109)/ P: NS/ ES: -3.06: large
Conclusion: Although, EDSS, FSS, and QOL did not change significantly after the intervention in the present study, the diet
showed a medium to large effect on fatigue and QOL in MS patients.
EDSS: Intervention G: baseline: 1.7 (1.33 to 2.07) / after: 1 (1 to 1), (P = 0.060)/ Control G: baseline: 2.16 (1.47 to 2.85)/ after:
2.53 (2.05 to 3.01), (P = 0.310)/ P-value of differences between the two groups: (P =0.001)/ ES: -7.89: large
RR: Intervention G: baseline: 0.66 (0.127 to 1.19) / after: 0.33 (-0.203 to 0.863), (P = 0.600)/ Control G: baseline: 0.46
(0.193 to 0.727)/ after: 1 (1 to 1), (P = 0.040)/ P-value of differences between the two groups: (P = 0.030)/
ES: -9.23: large
Conclusions: This diet improved clinical parameters including disability and relapse in MS patients with a large ES.
QOL: P-value of differences between the two groups after 6 months: < 0.005/ Increase of > 5 points are considered as clinically
important at month 3/ showed clinically meaningful improvement on MS-54 scores, after 3 months: ES: 0.4 to 0.5: medium to large
EDSS: P-value of differences between the two groups after 6 months: < 0.05/ ES: -0.63: medium to large
Conclusion: This study detected a medium to large reduction in EDSS in the FMD and KD groups compared to the German
diet (measured on Day 7 for FMD and Day 30 for KD) in MS patients.
QOL: P-value of differences between the two groups after 3 and 6 months: < 0.005/ After 6 months: ES: 0.3 to 0.5: medium to large
EDSS: P-value of differences between the two groups after 6 months: < 0.01/ ES: -0.39: medium
Conclusion: A medium reduction was observed in EDSS in the FMD and KD groups (measured on Day 7 for FMD and
Day 30 for KD) in MS patients.
QOL: threshold is thought to be a clinically meaningful gain (> 5 points) in MS-54 outcome:
In PF compared to control at month 3: ES: 0.8: medium to large
In KD compared to control at month 6: ES: 0.7: medium to large
Conclusion: This study showed that PF and KD induce a medium to large effect on QOL in MS patients.

Curr ] Neurol, Vol. 21, No. 1 (2022) 57

http://cjn.tums.ac.ir 05 January



Diet and multiple sclerosis

Table 2. Disease related outcomes and main conclusions (continue)

Author, Country

Outcome
measures used

P, effect size, and conclusion

Irish et al., USA'®

Ramirez-Ramirez
et al., Mexico!’

Torres-Sanchez
et al., Mexico?
Weinstock-
Guttman et al.,
USA?!

Zandi-Esfahan
et al., Iran?

Rezapour-Firouzi
et al., Iran®

1) Fatigue: FSS
2) Disability:
MFSC
a) Upper motor
function: 9HPT"
b) Lower motor
function: T25FW*
¢) Cognitive
function: PASAT"
3) QOL: MS-54
a) QOL-mental
b) QOL-physical

1) Disability:
EDSS
2) Relapse: RR

Disability: EDSS

1) Disability: a)
EDSS
b) MSFC
2) Relapse: RR
3) Fatigue: MFIS"
4) QOL" (SF-36"):
a) MHI"
b) PCS"
Disability: EDSS

1) Disability:
EDSS
2) Relapse: RR

FSS: Change in intervention G: decreased by 1.4 points/ Change in control G: increased by 0.2 points, P-value
between changes of two groups: 0.03/ ES: Im
9HPT: Change in intervention G: decreased by 15.1% and 18.2% for the dominant and non-dominant hand, respectably/ Change in
control G: decreased by 3% and 7.4% for the dominant and non-dominant hand, respectably. P-value of differences between the two
groups in the dominant hand: 0.02 and non-dominant hand: 0.05/ ES: Im
T25FW time: Change in intervention G: improved by 11.6%/ Change in control G: improved by 3%/ P-value between
changes of two groups: 0.09/ ES: Im
PASAT: Change in intervention G: improved by 10.9%/ Change in control G: improved by 5.5%/ P-value between
changes of two groups: 0.17: NS/ ES: Im
QOL-m: Change in intervention G: improved by 16.2%/ Change in control G: decreased by 1.5%/ P-value between
changes of two groups: 0.02/ ES: Im
QOL-p: P-value of differences between the two groups: 0.03/ ES: Im
Conclusion: A Paleolithic diet may be useful in the treatment and management of MS through reducing fatigue, and
increasing mental and physical QOL.
EDSS: Change in intervention G: 0.1 (0.3)/ Change in control G: 0.2 (0.26)/ P-value between changes of
two groups: 0.66/ ES: -0.36: medium
RR: Intervention G: after: 0.84 (0.9)/ Control G: after: 1 (1)/ P-value of differences between the two groups: 0.79/ ES: Im
Conclusion: Fish oil could be effective on EDSS with a medium ES; however; a significant p-value was
not achieved in MS patients.
EDSS: P-value of differences between the two groups: NS/ ES: Im
Conclusion: Fish oil was not significantly effective on EDSS in MS patients.
EDSS: Change in FO: decreased by 0.07/ Change in OO: increased or worsening by 0.35/ ES: Im
RR: Change in FO: -0.79(-1.4 to -0.181): (P = 0.020) / Change in OO: -0.69 (-1.29 to -0.087): (P = 0.040)/
ES: -0.09: small
MFIS: P-value of differences between the two groups after 6 months: 0.03 and after 12 months: 0.05 (Favoring OO)/ ES: Im
MHI: P-value of differences between the two groups after 6 months (increased in FO): 0.05: NS/ ES: Im
PCS: P-value of differences between the two groups after 6 months (increased in FO): 0.05: NS/ ES: Im
Conclusion: This study suggested that a low-fat diet supplemented with fish oil could have a moderate effect in MS patients.

EDSS: Intervention G: baseline: 3.10 (2.55 to 3.65), after: 2.30 (1.92 to 2.68)/ Control G: baseline: 2.55 (1.94 to 3.15),
after: 1.68 (1.17 to 2.19)/ P-value of differences between the two groups: (P = 0.080)/ ES: -0.10: small
Conclusion: There was no statistically significant difference in EDSS between the groups in MS patients.
EDSS: Intervention G 1: baseline: 2.76 (2.19 to 3.33)/ after: 1.77 (1.08 to 2.46): P =0.001
Intervention G 2: baseline: 3.54 (2.95 to 4.13)/ after: 1.41 (-0.2 to 3.02): P = 0.005
Intervention G 3: baseline: 3.25 (2.4 to 4.1)/ after: 1.83 (0.54 to 3.12): P =0.002
ES between G1&G2: 1.51: large
ES between G3&G2: 0.74: medium to large
RR: Intervention G 1: baseline: 0.31 (0.22 to 0.39)/ after: 0.04 (-0.04 to 0.12): P=0.001
Intervention G 2: baseline: 0.38 (0.17 to 0.58)/ after: 0.18 (0.01 to 0.34): P = 0.050
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Table 2. Disease related outcomes and main conclusions (continue)

Author, Country Outcome P, Effect size, and Conclusion

measures used
Rezapour-Firouzi 1) Disability: Intervention G 3: baseline: 0.43 (0.255 to 0.605)/ after: 0.05 (-0.0464 to 0.146): (P =0.002)
et al., [ran? EDSS ES between G1&G2: -0.70: medium to large

2) Relapse: RR ES between G3&@G2: -1.55: large

Conclusion: In MS patients, the combination of HSO and EPO as a dietary supplement in a daily dose of 18-21 g/day over a
period of 6 months showed immune-modulating effects in significant improvements of the relapse rate compared to a control
group receiving 18-21 g olive oil per day.

Note: The calculated ES for EDSS in our study did not match the article conclusion because we found that all of the interventions
could reduce EDSS significantly, but OO could improve that with medium to large ES in comparison to HSO and EPO, but this
study conclusion was reported inversely.

Majdinasab et al., 1) QOL: Overall life satisfaction: Intervention G: baseline: 67.11, after: 75.94- Control G: baseline: 65.24, after: 66.52/ P-value of
Iran?* a) Cognitive differences between the two groups: <0.001/ ES: Im
function Cognitive function: Intervention G: baseline: 53.08, after: 69.42, Control G: baseline: 62.11, after: 62.5/ P-value of differences
b) Overall life between the two groups: <0.001/ ES: Im
satisfaction MFIS: Intervention G: baseline: 32.08, after: 11.96/ Control G: baseline: 24.42, after: 20.69/ P-value of differences between the
2) Fatigue: MFIS two groups: <0.001/ ES: Im

Conclusion: This study indicated that EPO consumption had no impact on the QOL in general; however, it had a significant
effect on several aspects of QOL such as the cognitive function and overall life satisfaction. In addition, it had a significant
effect on fatigue in MS patients.

Adalat et al., Iran? 1) Fatigue: FSS: Change in intervention G: -19.8/ Change in control G: -4.6/ P <0.001/ ES: -1.57: large
a) FSS MFIS: Change in intervention G: -19.7/ Change in control G: -3.5/ P < 0.001)/ ES: -2.27: large
b) MFIS Conclusion: The present study suggests that herbal extract may improve fatigue symptoms with a large ES in MS patients.
Coe et al., UK?¢ 1) Fatigue: VAS VAS*: ES: 0.32: medium
2) Physical activity Physical activity: ES: 0.47: medium
Conclusion: A moderate effect was observed on fatigue throughout the day in favor of the high flavonoid group in MS patients.
Coe et al., UK?’ Fatigue: Neuro- Neuro-QoL: ES: 0.04: small
QoL Conclusion: High flavonoid intake demonstrates a small potential to improve fatigue in MS patients in this study.

G: group; NS: Not Significant; EDSS: Expanded Disability Status Scale; MSFC: Multiple Sclerosis Functional Composite; RR: Relapse Rate; MFIS: Modified Fatigue Impact Scale; QOL: Quality of
life; SF-36: Short Form 36 Health Survey Questionnaire; MHI: Mental Health Inventory; FSS: Fatigue Severity Scale; Neuro-QOL: Neurology Quality-of-Life; 6 MWT: 6 Min Walk Test; VAS: Visual
Analog Scale; MS-54: Multiple Sclerosis Quality of Life 54; FMD: Fasting Mimicking Diet; KD: Ketogenic Diet; CD: Control Diet; T25FW: The Timed 25 Foot Walk; 9HPT: 9-Hole PEG Test;
PASAT: Paced Audio Serial Addition Test; WD: Western Diet; HV/LP: High vegetable/ Low protein; PF: Prolonged Fasting diet; MHI: Mental Health Inventory; PCS: Physical Component Scale;
Im: Immeasurable according to reported data
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The GD is characterized by a lower intake of
vegetables, and higher consumption of meats,
cereals, fruits, beer, dairy products, and fats.?
Finally, the study showed the beneficial effect of
the KD on QOL after 3 and 6 months (P < 0.005,
ES: 0.3-0.5). Disability decreased in both KD
(P < 0.010) and FMD groups in comparison to the
control group with moderate to large effect size
(P <0.050, ES: -0.3 to -0.6).16

Bock et al. compared the impact of prolonged
fasting (PF) or KD in MS patients with the usual
diet as the control group.” There were several
stages of the PF diet, including a 2-day low-calorie
vegetarian diet, 7-day intensive fasting (vegetable
with 200-350 kcal), a 3-day low-calorie vegetarian
diet, and one, every day, week-long, 14-hour per
day fast for the remaining study period. The PF
and KD meaningfully affected QOL with large ES
(ES: 0.7 to 0.8) (Table 2).77

Modified Paleolithic diet: We found one study
that investigated the modified Paleolithic diet
(MPD) in MS patients (Tables 1 and 2).1° The MPD
is a diet rich in vegetables and fruits (9 cups per
day) and nuts while it is poor in legumes, dairy
products, sugar, processed foods, oils, and foods
containing gluten such as grains, and includes a
moderate intake of meats. Irish et al. compared the
effects of MPD with the usual American diet
(UAD) as the control group.’® The UAD consists of
low intake of fruits, vegetables, dairy, oils, and
high saturated fats, sugar, and sodium. This diet
pattern meets or exceeds the recommended intake
of grains and protein foods.?” The study revealed
that adherence to MPD, compared to UAD,
improved fatigue (P = 0.030), mental QOL
(P = 0.020), physical QOL (P = 0.030), and upper
motor function as a subset of disability test
(P for the dominant hand = 0.02 and P for the
non-dominant hand = 0.05) (Table 2).18

Fish oil: We found 4 studies that determined
the effects of fish oil (FO) in MS patients (Table
1).1922 The study by Ramirez-Ramirez et al
showed that a 12-month intervention with 4 grams
of FO per day [containing 1.6 g Docosahexaenoic
acid (DHA) and 0.8 g Eicosapentaenoic acid (EPA)]
could not significantly change disability (P = 0.600)
and RR (P = 0.700) in MS patients, 1 but it has a
medium effect size on disability. Torres-Sanchez
et al. compared the effects of 4 grams of FO
(containing 1.6 g DHA and 0.8 g EPA) and 4 grams
of olive oil (OO) for 12 months in MS patients and
reported no significant changes.?0

Weinstock-Guttman et al. compared the effects
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of a 12-month FO intervention with OO in MS
patients. One group received FO (1.32 g DHA and
198 g EPA) accompanied by a low-fat and
low-saturated fatty asids (low-SFAs) dietary
pattern (calorie intake from lipids < 15%), and
another group received OO (1 g oleic acid)
accompanied by a dietary pattern based on
guidelines of the American Heart Association
(AHA). The AHA guideline recommends a
low-cholesterol dietary pattern with less than
10% calorie intake from SFA and about 30% from
total fat.?! The study showed that physical QOL
and mental health had improved in the FO group
in comparison to the OO group (P = 0.050 for both)
after 6 months, but this trend was close to that in
the OO group after 12 months. In addition, RR was
reduced in response to both the OO (P = 0.040) and
FO (P =0.020), but FO had a small effect compared
to OO. However, fatigue had reduced in the OO
group (P = 0.050) compared to the FO group, and
disability had insignificantly decreased in the FO
group (Table 2).2! Zandi-Esfahan et al. reported
that 1 gram of fish oil (containing 120 mg DHA and
180 mg EPA) caused no significant improvement
in disability (P = 0.080, ES: 0.1) (Table 2).22

Vegetable oils: Four studies have shown the
effects of vegetable oils including OO, evening
primrose oil (EPO), and hemp seed oil (HSO) on
MS outcomes 20212324 2 of which have been
described in the previous section (Table 1).2021

Rezapour-Firouzi et al. designed a trial
including 3 groups of MS patients to investigate
the impact of HSO and EPO.2 The first group
received a diet rich in hot-natured foods
supplemented with combined HSO and EPO
(18-21 g) every day, the second group received OO
(18-21 g) every day, and the third group received
combined HSO and EPO (18-21 g) every day for
6 months. Disability and RR reduced in the first
(P =0.001 for both) and third groups (P = 0.002 for
both) after the intervention compared to before the
intervention. In addition, in the OO group, RR and
disability significantly reduced (P = 0.005),2 but
HSO and EPO induced a larger effect on RR
compared to OO (ES: 0.7-1.5).

Majdinasab et al. showed that 3-month
supplementation with EPO (1 gram per day) could
improve fatigue and QOL (P < 0.001 for all)
compared to the placebo group (Table 2).2* The
study showed that HSO and EPO decreased
inflammatory cytokines and increased anti-
inflammatory cytokines in MS patients.? The
sterols and tocopherols present in both HSO and
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EPO may prevent oxidation and help alleviate MS
outcomes. Gamma-linolenic acid (GLA) is Omega-6
fatty acid.®0%! Di-homo-gamma-linolenic acid
(DGLA) derives from GLA and is known as a
protective factor against inflammation due to its
prostaglandin E2 reducing effect.3

Furthermore, monounsaturated fatty acids
such as oleic acid and polyphenols existing in OO
can prevent lipid peroxidation and ATP-
synthesize enzyme oxidation, induce greater
fluidity in the membrane, and higher performance
of the mitochondria, and thus, may regulate the
immune system function, and consequently,
reduce RR and fatigue in MS patients.33-36

Studies have shown the beneficial effects of
EPO in the treatment of diseases such as diabetes
and rheumatoid arthritis.3”40 EPO is an excellent
source of 3 terpene ester derivatives that scavenge
free radicals, and prevent cyclooxygenase and
neutrophil elastase activities, and thereby,
improve inflammation status.#!

Traditional diet: Traditional therapies classify
all foods into cold-natured and hot-natured, and
recommend a balanced eating for the maintenance
of health.#> Moreover, people have a dominant
basic temper called Mizaj, which is thought to
influence mental and physical functions.*

The hot-natured diet is a dietary pattern
characterized by high intake of hot-natured foods
and low intake of cold-natured foods. Hot-natured
foods include wheat and soy products, eggs,
domestic poultry and turkey, garlic, onion, and
carrots, cantaloupe, grape, coconut and banana,
olive oil, sesame oil, honey, nuts, and spices such
as turmeric, mustard, and cinnamon. Furthermore,
cold-natured foods include rice, potato, corn, junk
foods, beef, fish, solid fats, vegetables such as
cucumber and spinach, fruits such as watermelon
and citrus, carbonated soft drinks, and beer.2
Scientists believe that there is a strong association
between a hot-natured diet and regulation of the
immune system function.#

The herbal syrup used in the study by Adalat
et al.”% included saffron that is a well-known herb
and includes crocin, picrocrocin, and safranal,
which have antioxidant, anti-inflammatory, and
neuroprotective  properties  through  their
inhibiting effects on cyclooxygenase activity and
leukocytes filtration.#48 St John's wort has
hyperforin, which  possesses  antioxidant,
anti-inflammatory, and anti-depressant properties
due to its elevation of serotonin and noradrenaline
in the brain.#->2
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Turmeric extract has demonstrated a promoting
effect on sodium benzoate formation in the liver.
Due to the effect of sodium benzoate on the
modulation of the immune system function,
maintenance of blood-brain barrier integration, and
myelin production, turmeric might prevent the
progression of MS 5% Many researches have shown
that the components presented in grape contain
proanthocyanidins, anthocyanins, and resveratrol,
which have anti-inflammatory properties.56-60

Flavonoids: Flavonoids can diminish oxidative
stress, and increase glucose availability and blood
flow to the brain, which improve fatigue and
physical activity.®1¢3 Finally, we recommend fruits
and vegetables rich in flavonoids such as onions,
kale, grapes, and berries for MS patients.

Conclusion

Clinical evidence has shown that following a
suitable diet as a complementary therapy is
necessary in MS patients. Our review showed that
plant-based diets could be a central core for dietary
recommendations. On the other hand, following
low-fat, low-calorie, and low-protein plant-based
diets for a long time induce nutritional deficiencies
due to the limitations in the intake of some kinds
of food groups such as dairy and grains. Thus, we
recommend that MS patients correct plant-based
diets with moderate intakes of some foods such as
fish, poultry, and low-fat dairy to prevent the side
effects of these diets. FMD and KD are useful in
MS, but hard to tolerate for a long time because of
their side effects such as disturbing the lipid profile
and inducing some nutritional deficiencies. There
is not enough evidence for a conclusion to be made
about traditional dietary factors and a hot-natured
diet on MS. We believe that further studies are
required to identify the effects and side effects of
these diets in MS.

Limitations: Because of the large heterogeneity of
the entered studies including type of MS, type and
duration of diets as interventions, etc., we could
not pool the data and perform a meta-analysis in
this study.

Conflict of Interests

The authors declare no conflict of interest in this
study.

Acknowledgments

Tehran University of Medical Sciences and Health
Services has supported the present research. A
portion of this work was conducted by Sama

Curr ] Neurol, Vol. 21, No. 1 (2022) 61

05 January



Diet and multiple sclerosis

Bitarafan while at Djavad Mowafaghian Centre for
Brain Health, University of British Columbia. We
would like to thank Professor Helen Tremlett for

References

1.

2.

1.

12.

13.

15.

62

. Farinotti

Compston A, Coles A. Multiple sclerosis.
Lancet 2008; 372(9648): 1502-17.
Confavreux C, Vukusic S. Natural history
of multiple sclerosis: a unifying concept.
Brain 2006; 129(Pt 3): 606-16.
Goldenberg MM. Multiple
review. P T 2012; 37(3): 175-84.
Jennum P, Wanscher B, Frederiksen J,
Kjellberg J. The socioeconomic
consequences of multiple sclerosis: A
controlled national study. Eur
Neuropsychopharmacol 2012; 22(1): 36-43.
Rzepinski L, Zawadka-Kunikowska M,
Kucharczuk J, Newton J, Zalewski P. New
insights into the socio-economic aspects of
multiple sclerosis in a cohort of Polish
patients. Ann Agric Environ Med 2021;
28(1): 99-106.

Bridel C, Lalive PH. Update on multiple
sclerosis treatments. Swiss Med Wkly
2014; 144: w14012.

Filippini G, Del GC, Vacchi L, D'Amico R,
Di PC, Beecher D, et al.
Immunomodulators and
immunosuppressants for multiple sclerosis:
A network meta-analysis. Cochrane
Database Syst Rev 2013; (6): CD008933.
Loleit V, Biberacher V, Hemmer B.
Current and future therapies targeting the
immune system in multiple sclerosis. Curr
Pharm Biotechnol 2014; 15(3): 276-96.
Bowman GL, Silbert LC, Howieson D,
Dodge HH, Traber MG, Frei B, et al.
Nutrient biomarker patterns, cognitive
function, and MRI measures of brain
aging. Neurology 2012; 78(4): 241-9.

M, Vacchi L, Simi S, Di
Pietrantonj C, Brait L, Filippini G. Dietary
interventions for multiple sclerosis.
Cochrane Database Syst Rev 2012; 12:
CD004192.

Swank RL. Multiple sclerosis: Twenty
years on low fat diet. Arch Neurol 1970;
23(5): 460-74.

Jahromi SR, Toghae M, Jahromi MJ,
Aloosh M. Dietary pattern and risk of
multiple sclerosis. Iran J Neurol 2012;
11(2): 47-53.

Yadav V, Marracci G, Kim E, Spain R,
Cameron M, Overs S, et al. Low-fat, plant-
based diet in multiple sclerosis: A
randomized controlled trial. Mult Scler
Relat Disord 2016; 9: 80-90.

sclerosis

. Riccio P, Rossano R, Larocca M, Trotta V,

Mennella I, Vitaglione P, et al. Anti-
inflammatory nutritional intervention in
patients with relapsing-remitting and
primary-progressive multiple sclerosis: A
pilot study. Exp Biol Med (Maywood)
2016; 241(6): 620-35.

Saresella M, Mendozzi L, Rossi V,
Mazzali F, Piancone F, LaRosa F, et al.
Immunological and clinical effect of diet
modulation of the gut microbiome in
multiple sclerosis patients: A pilot study.

Curr ] Neurol, Vol. 21, No. 1 (2022)

17.

18.

19.

20.

21.

22.

23.

24.

Front Immunol 2017; 8: 1391.

. ChoilY, Piccio L, Childress P, Bollman B,

Ghosh A, Brandhorst S, et al. A diet
mimicking fasting promotes regeneration
and reduces autoimmunity and multiple
sclerosis symptoms. Cell Rep 2016;
15(10): 2136-46.

Bock M, Michalsen A, Paul F. Ketogenic
diet and prolonged fasting improve health-
related quality of life and lipid profiles in

multiple  sclerosis- A randomized
controlled  trial.  Multiple sclerosis
(Houndmills, Basingstoke, England)

2015; 23(11): 794-795

Irish AK, Erickson CM, Wahls TL,
Snetselaar LG, Darling WG. Randomized
control trial evaluation of a modified
Paleolithic dietary intervention in the
treatment of relapsing-remitting multiple
sclerosis: A pilot study. Degener Neurol
Neuromuscul Dis 2017; 7: 1-18.
Ramirez-Ramirez V, Macias-Islas MA,
Ortiz GG, Pacheco-Moises F, Torres-
Sanchez ED, Sorto-Gomez TE, et al.
Efficacy of fish oil on serum of TNF alpha,
IL-1 beta, and IL-6 oxidative stress
markers in multiple sclerosis treated with
interferon beta-1b. Oxid Med Cell Longev
2013;2013: 709493.

Torres-Sanchez ED, Pacheco-Moises FP,
Macias-Islas MA, Morales-Sanchez EW,
Ramirez-Ramirez V, Celis de la Rosa AJ,
et al. Effect of fish and olive oil on
mitochondrial ATPase activity and
membrane fluidity in patients with
relapsing-remitting  multiple  sclerosis
treated with interferon beta 1-b. Nutr Hosp
2018; 35(1): 162-8.

Weinstock-Guttman B, Baier M, Park Y,
Feichter J, Lee-Kwen P, Gallagher E, et al.
Low fat dietary intervention with omega-3
fatty acid supplementation in multiple
sclerosis patients. Prostaglandins Leukot
Essent Fatty Acids 2005; 73(5): 397-404.
Zandi-Esfahan S, Fazeli M, Shaygannejad
V, Hasheminia J, Badihian S,
Aghayerashti M, et al. Evaluating the
effect of adding Fish oil to Fingolimod on
TNF-alpha, IL1beta, IL6, and IFN-gamma
in patients with relapsing-remitting
multiple  sclerosis: A double-blind
randomized placebo-controlled trial. Clin
Neurol Neurosurg 2017; 163: 173-8.
Rezapour-Firouzi S, Arefhosseini SR,
Mehdi F, Mehrangiz EM, Baradaran B,
Sadeghihokmabad E, et al.
Immunomodulatory and  therapeutic
effects of Hot-nature diet and co-
supplemented hemp seed, evening
primrose oils intervention in multiple
sclerosis patients. Complement Ther Med
2013; 21(5): 473-80.

Majdinasab N, Namjoyan F, Taghizadeh
M, Saki H. The effect of evening primrose
oil on fatigue and quality of life in patients

http://cjn.tums.ac.ir 05 January

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

the helpful discussions surrounding the study
question, study design, and data extraction and the
feedback provided on the manuscript.

with multiple sclerosis. Neuropsychiatr
Dis Treat 2018; 14: 1505-12.

Adalat M, Khalili M, Ayromlou H,
Haririan S, Rezaeizadeh H, Akbar A, et al.
Anti-fatigue and hypnotic effects of a
traditional herbal extract on multiple
sclerosis patients: A  double blind
randomized clinical trial. World Family
Medicine 2018; 16(8): 22-31.

Coe S, Axelsson E, Murphy V, Santos M,
Collett J, Clegg M, et al. Flavonoid rich
dark cocoa may improve fatigue in people
with multiple sclerosis, yet has no effect
on glycaemic response: An exploratory
trial. Clin Nutr ESPEN 2017; 21: 20-5.
Coe S, Cossington J, Collett J, Soundy A,
Izadi H, Ovington M, et al. A randomised
double-blind placebo-controlled feasibility
trial of flavonoid-rich cocoa for fatigue in
people with relapsing and remitting
multiple sclerosis. J Neurol Neurosurg
Psychiatry 2019; 90(5): 507-13.

Heuer T, Krems C, Moon K, Brombach C,
Hoffmann I. Food consumption of adults
in Germany: Results of the German
National Nutrition Survey II based on diet
history interviews. Br J Nutr 2015;
113(10): 1603-14.

DeSalvo KB. Public Health 3.0: Applying
the 2015-2020 Dietary Guidelines for
Americans. Public Health Rep 2016;
131(4): 518-21.

Christie WW. The analysis of evening
primrose oil. Industrial Crops and
Products 1999; 10(2): 73-83.

Oomah BD, Busson M, Godfrey David V,
Drover John CG. Characteristics of hemp
(Cannabis sativa L.) seed oil. Food
Chemistry 2002; 76(1): 33-43.

Wang X, Lin H, Gu Y. Multiple roles of
dihomo-gamma-linolenic acid against
proliferation diseases. Lipids Health Dis
2012; 11: 25.

Yaqoob P. Monounsaturated fatty acids
and immune function. Eur J Clin Nutr
2002; 56 Suppl 3: S9-S13.

Wiseman SA, Tijburg LB, van de Put FH.
Olive oil phenolics protect LDL and spare
vitamin E in the hamster. Lipids 2002;
37(11): 1053-7.

Song JH, Fujimoto K, Miyazawa T.
Polyunsaturated  (n-3) fatty  acids
susceptible to peroxidation are increased
in plasma and tissue lipids of rats fed
docosahexaenoic acid-containing  oils.
J Nutr 2000; 130(12): 3028-33.

Lopez S, Bermudez B, Montserrat-de la
Paz S, Jaramillo S, Varela LM, Ortega-
Gomez A, et al. Membrane composition
and dynamics: A target of bioactive virgin
olive oil constituents. Biochim Biophys
Acta 2014; 1838(6): 1638-56.

Abdulridha M, Hussain M, Khudhair M.
Study effect of evening primrose oil
supplement on type 2 diabetes mellitus -



38.

39.

40.

41.

42.

43.

44,

45.

46.

UK
and

associated metabolic parameters.
Journal of  Pharmaceutical
Biosciences 2017; 5(2): 25-31.
Brzeski M, Madhok R, Capell HA.
Evening primrose oil in patients with
rheumatoid arthritis and side-effects of
non-steroidal anti-inflammatory drugs. Br
J Rheumatol 1991; 30(5): 370-2.

Kiss A K, Derwinska M, Granica S.
Quantitative analysis of biologicaly active
polyphenols in  evening  primrose
(Oenothera paradoxa) Seeds aqueous
extracts. Polish J Food Nutr Sci 2011;
61(2): 109-13.

Mahboubi M.  Evening  primrose
(Oenothera biennis) oil in management of
female ailments. J Menopausal Med 2019;
25(2): 74-82.

Puri BK. The clinical advantages of cold-
pressed non-raffinated evening primrose
oil over refined preparations. Medical
Hypotheses 2004; 62(1): 116-8.

Parvinroo S, Zahediasl S, Sabetkasaei M,
Kamalinejad M, Naghibi F. The effects of
selected hot and cold temperament herbs
based on Iranian traditional medicine on
some metabolic parameters in normal rats.
Iran J Pharm Res 2014; 13(Suppl): 177-84.
Miraj S, Alesaeidi S, Kiani S. A systematic
review of the relationship between
dystemprament (sue Mizaj) and treatments
and management of diseases (Ilaj and
Eslah-e-Mizaj). Electron Physician 2016;
8(12): 3378-84.

Shahabi S, Hassan ZM, Mahdavi M,
Dezfouli M, Rahvar MT, Naseri M, et al.
Hot and cold natures and some parameters
of neuroendocrine and immune systems in
traditional Iranian medicine: A
preliminary study. J Altern Complement
Med 2008; 14(2): 147-56.

Tamaddonfard E, Farshid AA, Eghdami
K, Samadi F, Erfanparast A. Comparison
of the effects of crocin, safranal and
diclofenac on local inflammation and
inflammatory pain responses induced by
carrageenan in rats. Pharmacol Rep 2013;
65(5): 1272-80.

Ghazavi A, Mosayebi G, Salehi H, Abtahi

47.

48.

49.

50.

51,

52.

53.

54.

H. Effect of ethanol extract of saffron
(Crocus sativus L.) on the inhibition of
experimental autoimmune
encephalomyelitis in C57bl/6 mice. Pak
J Biol Sci 2009; 12(9): 690-5.
Hosseinzadeh H, Noraei NB. Anxiolytic
and hypnotic effect of Crocus sativus
aqueous extract and its constituents, crocin
and safranal, in mice. Phytother Res 2009;
23(6): 768-74.

Poma A, Fontecchio G, Carlucci G,
Chichiricco G. Anti-inflammatory
properties of drugs from saffron crocus.
Antiinflamm  Antiallergy Agents Med
Chem 2012; 11(1): 37-51.

Nosratabadi R, Rastin M, Sankian M,
Haghmorad D, Tabasi N, Zamani S, et al.
St. John's wort and its component
hyperforin alleviate experimental
autoimmune encephalomyelitis through
expansion  of  regulatory  T-cells.
J Immunotoxicol 2016; 13(3): 364-74.
Cabrelle A, Dell'Aica I, Melchiori L,
Carraro S, Brunetta E, Niero R, et al.
Hyperforin ~ down-regulates  effector
function of activated T lymphocytes and
shows efficacy against Th1-triggered CNS
inflammatory-demyelinating disease.
J Leukoc Biol 2008; 83(1): 212-9.

Lin Y, Zhang JC, Fu J, Chen F, Wang J,
Wu ZL, et al. Hyperforin attenuates brain
damage induced by transient middle
cerebral artery occlusion (MCAO) in rats
via inhibition of TRPC6 channels
degradation. J Cereb Blood Flow Metab
2013;33(2): 253-62.

Sharpley AL, McGavin CL, Whale R, Cowen
PJ. Antidepressant-like effect of Hypericum
perforatum (St John's wort) on the sleep
polysomnogram. Psychopharmacology (Berl)
1998; 139(3): 286-7.

Brahmachari S, Jana A, Pahan K. Sodium
benzoate, a metabolite of cinnamon and a
food additive, reduces microglial and
astroglial inflammatory responses.
J Immunol 2009; 183(9): 5917-27.

Pahan K. Immunomodulation of
experimental allergic encephalomyelitis
by cinnamon metabolite sodium benzoate.

http://cjn.tums.ac.ir 05 January

55.

56.

57.

58.

59.

60.

61.

62.

63.

MH. Harirchian, et al.

Immunopharmacol Immunotoxicol 2011;
33(4): 586-93.

Pahan K. Prospects of Cinnamon in
Multiple Sclerosis. J Mult Scler (Foster
City) 2015; 2(3): 1000149.

Waggas A. Grape seed extract
(Vitisvinifera) alleviate neurotoxicity and
hepatotoxicity induced by lead acetate in
male albino rats. Behav Brain Sci 2012;
2(2): 176-84.

Edwards AM, Blackburn L, Christie S,
Townsend S, David J. Food supplements
in the treatment of primary fibromyalgia: a
double-blind, crossover trial of
anthocyanidins and placebo. J Nutr
Environ Med 2000; 10(3): 189-99.
Fonseca-Kelly Z, Nassrallah M, Uribe J,
Khan RS, Dine K, Dutt M, et al.
Resveratrol neuroprotection in a chronic
mouse model of multiple sclerosis. Front
Neurol 2012; 3: 84.

Singh NP, Hegde VL, Hofseth LJ,
Nagarkatti M, Nagarkatti P. Resveratrol
(trans-3,5,4'-trihydroxystilbene)
ameliorates experimental allergic
encephalomyelitis, primarily via induction
of apoptosis in T cells involving activation
of aryl hydrocarbon receptor and estrogen
receptor. Mol Pharmacol 2007; 72(6):
1508-21.

Wu RE, Huang WC, Liao CC, Chang YK,
Kan NW, Huang CC. Resveratrol protects
against physical fatigue and improves
exercise performance in mice. Molecules
2013; 18(4): 4689-702.

Coe SA, Clegg M, Armengol M, Ryan L.
The polyphenol-rich  baobab  fruit
(Adansonia digitata L.) reduces starch
digestion and glycemic response in
humans. Nutr Res 2013; 33(11): 888-96.
Huyut Z, Beydemir S, Gulcin L
Antioxidant and antiradical properties of
selected  flavonoids and  phenolic
compounds. Biochem Res Int 2017; 2017:
7616791.

Katz DL, Doughty K, Ali A. Cocoa and
chocolate in human health and disease.
Antioxid Redox Signal 2011; 15(10):
2779-811.

Curr ] Neurol, Vol. 21, No. 1 (2022) 63



