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Abstract 4 

Background:  5 

The role of diet in modulating inflammation has garnered attention, particularly regarding 6 

anti-inflammatory dietary interventions rooted in complementary medicine. The present study 7 

examined the clinical manifestations through which anti-inflammatory diets may influence 8 

MS, providing insights for clinician researchers.  9 

Methods:  10 

A thorough search was performed in Scopus, MEDLINE (PubMed), ScienceDirect, 11 

EMBASE, Google Scholar, Central Cochrane Library, and the Web of Science, covering trials 12 

published until April 2025. Random effect models were used to analyze the quantitative data 13 

through STATA14. 14 

Results:  15 

After analyzing 246 entries, we found 10 Randomized Controlled Trials (RCTs) with a 16 

total of 332 participants, who had an average disease duration of 8.7 years. The combined effect 17 

size revealed a decrease in fatigue severity (Weighted Mean Difference [WMD]= -7.10; 95% 18 

Confidence Interval [CI] = -13.61, -0.59; P=0.032) and an increase in physical health score 19 

(WMD= 2.59; 95% CI= 0.17, 5.00; P=0.036). 20 

Conclusion:  21 
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Anti-inflammatory diets may improve MS clinical manifestations especially fatigue and 22 

disability, therefore, more researches are needed to confirm the present findings. 23 

MeSH Keywords:  24 
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analysis; Systematic review   26 
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1. Introduction 27 

Multiple Sclerosis (MS) is a chronic autoimmune disorder characterized by 28 

neuroinflammation and demyelination of nerve fibers in the central nervous system [1]. MS 29 

presents significant challenges not only in the management but also in understanding its 30 

complex pathophysiology [2].  31 

The pursuit of holistic treatment options has led to a growing interest in dietary 32 

modifications aimed at reducing systemic inflammation. Anti-inflammatory diets encompass 33 

various nutritional strategies believed to exert beneficial effects on immune function, mitigate 34 

oxidative stress, and promote gut health [3]. While disease-modifying therapies remain the 35 

cornerstone of MS treatment, anti-inflammatory diets may serve as a complementary approach 36 

[4]. Clinician researchers should investigate patient adherence to dietary changes and their 37 

correlation with clinical outcomes.  38 

Anti-inflammatory diets typically emphasize foods rich in specific nutrients known to 39 

modulate inflammatory processes. These include omega-3 fatty acids, found abundantly in fatty 40 

fish and flaxseeds, which are crucial for producing bioactive lipids such as resolvins [5]. These 41 

metabolites not only promote the resolution of inflammation but also encourage the production 42 

of anti-inflammatory cytokines like Interleukin-4 (IL-4) while inhibiting pro-inflammatory 43 

cytokines such as Tumor Necrosis Factor-alpha (TNF-α), IL-17, and high-sensitivity C-44 

Reactive Protein (hs-CRP) [6, 7]. 45 

A meta-analysis by Guerrero Aznar et al. [8] showed that dietary intervention is associated 46 

with a trend of reduction in fatigue in MS. Another meta-analysis by Snetselaar et al. [9] 47 

reported that several dietary interventions may improve physical and mental Quality of Life 48 

(QoL) in MS patients. The current review specifically focused on anti-inflammatory diets in 49 

the context of complementary and alternative medicine, to create a detailed insight into the 50 
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efficacy of dietary intervention in MS. Therefore, we conducted a comprehensive reanalysis of 51 

relevant RCTs to determine the effectiveness of the anti-inflammatory diets in MS patients, 52 

specifically concerning anthropometric indices, quality of life, and serum inflammation. 53 

 54 

2. Materials & Methods 55 

2.1. Protocol  56 

The research protocol was developed in accordance with the guidelines outlined in the 57 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement 58 

[10], as detailed in Supplementary Table 1. Additionally, this systematic review was formally 59 

registered in the International Prospective Register of Systematic Reviews (PROSPERO) 60 

database under registration number CRD42022368118 on October 30, 2022. 61 

 62 

2.2. Literature Search  63 

Two independent researchers conducted a systematic search of electronic databases up to 64 

April 2025, with details provided in Supplementary Table 2. The databases included ISI Web 65 

of Science, Embase, MEDLINE (PubMed), Cochrane Central Register of Controlled Trials 66 

(CENTRAL), Google Scholar, ScienceDirect, and Scopus. 67 

The search strategy incorporated both Medical Subject Headings (MeSH) and non-MeSH 68 

keywords to ensure comprehensive coverage: (("Anti-inflammatory Diet" OR " 69 

Complementary and Alternative Medicine" OR "Integrative Medicine" OR "CAM" OR "Diet" 70 

OR "Plant-based Diet" OR "Healthy Diet") AND ("Relapsing-Remitting Multiple Sclerosis" 71 

OR "Multiple Sclerosis" OR "RRMS" OR "MS") AND ("Intervention" OR "Intervention 72 

Study" OR "Intervention Studies" OR "Controlled trial" OR "Randomised" OR "Randomized 73 

controlled trial" OR "Randomized clinical trial" OR "Randomized clinical trial" OR "RCT" 74 
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OR "Non-Randomized Controlled Trials" OR "Clinical Trials" OR "Clinical Trial" OR "Trial" 75 

OR "Trials" OR "Non-Randomized Controlled Trials" OR "Cross-Over study" OR "Cross-76 

Over trial" OR "Cross Over trial" OR "Cross Over study" OR "Double-Blind Method" OR 77 

"Double-Blind" OR "Double-Blind trial" OR "Double-Blind study")). Reference lists of 78 

included trials were also thoroughly examined to identify additional relevant studies. 79 

 80 

2.3. Selection criteria 81 

Inclusion was restricted to trials published in English. Eligible studies comprised those 82 

with single-, double-, or triple-blind designs, employing either parallel or crossover 83 

methodologies, and featuring at least two arms. These studies evaluated the effects of the anti-84 

inflammatory diets based on complementary and alternative medicine on anthropometric 85 

indices (Body Weight [BW], Body Mass Index [BMI], Wrist Circumference [WC]), Expanded 86 

Disability Status Scale (EDSS), Modified Fatigue Impact Scale (MFIS), Physical Health 87 

Composite Score (PHCS), Mental Health Composite Score (MHCS), inflammatory markers 88 

(hs-CRP, IL-4, IL-17), and liver enzymes (Serum Glutamic-Oxaloacetic Transaminase 89 

[SGOT], Serum Glutamic Pyruvic Transaminase [SGPT]) in MS patients aged 18-60 years, 90 

with corresponding control groups. One author initially screened articles and abstracts for 91 

relevance. Subsequently, two authors independently reviewed the full texts of non-duplicate 92 

articles, with discrepancies resolved by a third independent reviewer. 93 

 94 

2.4. Data Extraction 95 

Data extraction was performed by a single author. Extracted variables included:  96 

• First author of the study,  97 

• Year of publication and study location,  98 
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• Study design and duration,  99 

• Baseline participant characteristics (age, gender, disease duration, and Expanded 100 

Disability Status Scale (EDSS)),  101 

• Details of intervention and control groups, and  102 

• Primary outcome measures, such as body mass index (BMI) and Modified Fatigue 103 

Impact Scale (MFIS). 104 

When data were incomplete or unclear, corresponding authors were contacted via email 105 

for clarification. 106 

 107 

2.5. Risk of Bias (Quality Assessment) 108 

The quality of included trials was assessed by two researchers using the Cochrane Risk-of-109 

Bias (RoB) tool (version 5.0) [11]. Discrepancies were resolved by a third reviewer. Evaluated 110 

domains included: 111 

a. Allocation concealment (selection bias), 112 

b. Random sequence generation (selection bias), 113 

c. Blinding of participants and personnel (performance bias), 114 

d. Blinding of outcome assessment (detection bias), 115 

e. Incomplete outcome data (attrition bias), and 116 

f. Selective reporting (reporting bias). 117 

Each domain was classified as “low risk,” “high risk,” or “some concerns” of bias. 118 

 119 

2.6. Statistical analysis 120 

Meta-analysis was conducted using STATA software version 14 (StataCorp LP, College 121 

Station, TX, USA). Data were entered as mean differences with standard deviations (m ± SD). 122 

A random-effects model was employed to calculate Weighted Mean Differences (WMDs) with 123 
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95% Confidence Intervals (CIs). When only Standard Error of the Mean (SEM) was reported, 124 

Standard Deviation (SD) was derived using the formula: 125 

SD = SEM × √n (where n = number of subjects) [12]. 126 

For trials reporting median and Interquartile Range (IQR) or 95% CI, mean and SD were 127 

estimated per Hozo et al. [13]. Between-study heterogeneity was assessed using the I² test. 128 

Sensitivity analyses evaluated the impact of excluding individual studies. Publication bias was 129 

examined using Begg’s rank correlation and Egger’s weighted regression tests, with statistical 130 

significance set at P < 0.05. 131 

 132 

3. Results 133 

3.1. Search Details 134 

The initial literature search identified 246 records. After excluding 74 records (92 135 

duplicates, 6 animal studies, and 3 cell-based studies), 97 additional papers were excluded 136 

following title and abstract screening, and 38 articles were removed after full-text review. 137 

Ultimately, 10 RCTs involving 332 patient records, published between 2013 and 2024, were 138 

included for quantitative analysis (Figure 1) [6, 14-22]. 139 

 140 

3.2. Study Characteristics 141 

Key characteristics of the included RCTs are summarized in Table 1 [6, 14-22]. A total of 142 

332 participants (167 intervention, 165 control) with a mean age of 37.9 years and mean disease 143 

duration of 8.7 years were enrolled. Due to an 8.7% average dropout rate, data from 303 144 

participants were analyzed. All RCTs utilized a two-arm parallel design and included both 145 

genders (female-to-male ratio: 3.2). Five researches were conducted on RRMS patients [6, 18-146 
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21], four researches on progressive forms [14-17], and one study selected a mixed population 147 

[22]. Follow-up durations ranged from 8 to 24 weeks. 148 

 149 

3.3. Risk of Bias (Quality) Assessment 150 

Eight RCTs were classified as low risk of bias [14-21], while two raised concerns [6, 22]. 151 

Random sequence generation and allocation concealment showed low risk, minimizing 152 

selection bias. The Higher rate of risk was noted for performance bias [6, 14-17, 22], and 153 

detection bias [6, 22], however, some concerns were identified in terms of reporting bias [6, 154 

14-16, 18-21]. Details are provided in Figure 2. 155 

 156 

3.4. Results of Meta-analysis  157 

3.4.1. Anthropometric Indices 158 

Within the pooled analysis encompassing four studies involving 265 participants 159 

(intervention: 133; control: 132) [6, 15, 17, 22], effect of anti-inflammatory diets on BW 160 

(WMD= -0.22 kg; 95% CI= -2.42, 1.99; P= 0.846) and BMI (WMD= 0.01 kg/m2; 95% CI= -161 

0.84, 0.85; P= 0.990) were not statistically significant with no heterogeneity in both (I2= 0.0 162 

%; P= 0.999, P= 0.978, respectively) (Figure 3A-B).  163 

Moreover, the pooled effects of three RCTs investigating the impact of anti-inflammatory 164 

diets on WC in 161 MS patients (intervention, 81; control, 80) was not significant (P= 0.364) 165 

[15, 17, 22](Figure 3C). 166 

 167 

3.4.2. EDSS 168 

Pooled analysis of four studies (228 participants: 115 intervention, 113 control) did not 169 

show any significant effect (WMD = -0.14; 95% CI: -0.42, 0.14; P = 0.321), and heterogeneity 170 

(I² = 0.0%; P = 0.709) [16-18, 22](Figure 4A). 171 
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 172 

3.4.3. MFIS 173 

Across three RCTs (244 participants), a significant downward trend for MFIS was 174 

observed (WMD = -7.10; 95% CI: -13.61, -0.59; P = 0.032) [6, 14, 17]. Significant 175 

heterogeneity was present (I² = 79.9%; P = 0.007) (Figure 4B). 176 

 177 

3.4.4. PHCS & MHCS 178 

Although the pooled estimate did not demonstrate a significant rising in MHCS (WMD = 179 

0.89; 95% CI = -1.01, 2.79, P =0.358), PHCS showed considerable improvement [6, 16, 180 

17](WMD = 2.59; 95% CI = 0.17, 5.00, P =0.036) (Figure 4D-C). Moreover, no study 181 

heterogeneity was found (I2 = 0.0%, P = 0.549 for MHCS, P = 0.667 for PHCS).  182 

 183 

3.4.5. Serum Inflammation 184 

The pooled estimate analysis did not detect any significant trend for hs-CRP (WMD = -185 

0.12; 95% CI = -0.29, 0.05, P =0.162) [6, 17], IL-4 (WMD = -0.02; 95% CI = -0.48, 0.44, P 186 

=0.942) [6, 20], and IL-17 (WMD = -0.06; 95% CI = -0.13, 0.01, P =0.85) [6, 21] (Figure 5A-187 

C). Test of heterogeneity did not yield a statistically significant result for hs-CRP (I2 = 10.3%, 188 

P = 0.291), IL-4 (I2 = 0.0%, P = 0.699), and IL-17 (I2 = 0.0%, P = 0.822). 189 

 190 

3.4.6. Liver Enzymes 191 

While a decreasing trend in SGOT (WMD= -2.93; 95% CI = -7.79, 1.92; P= 0.239) and 192 

SGPT (WMD= -0.51; 95% CI = -13.76, 12.74; P= 0.939) was observed (Figure 5D-E), the 193 

pooled estimate did not indicate a significant enhancement across two RCTs involving 88 194 

participants [19, 22]. Furthermore, there was identified study heterogeneity for SGPT (I2 = 195 

80.2%, P=0.025), as depicted in Figure 5D. 196 

 197 
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3.5. Sensitivity Analysis and Publication Bias 198 

Sensitivity analyses showed no significant changes in outcomes. No publication bias was 199 

detected for BW (Begg’s: P = 0.734; Egger’s: P = 0.562), BMI (Begg’s: P = 0.734; Egger’s: P 200 

= 0.403), WC (Begg’s: P = 1.000; Egger’s: P = 0.910), EDSS (Begg’s: P = 0.308; Egger’s: P 201 

= 0.307), MFIS (Begg’s: P = 1.000; Egger’s: P = 0.442), PHCS (Begg’s: P = 1.000; Egger’s: 202 

P = 0.937), MHCS (Begg’s: P = 1.000; Egger’s: P = 0.693), hs-CRP (Begg’s: P = 1.000; 203 

Egger’s: -), IL-4 (Begg’s: P = 1.000; Egger’s: -), IL-17 (Begg’s: P = 1.000; Egger’s: -), SGOT 204 

(Begg’s: P = 1.000; Egger’s: -), or SGPT (Begg’s: P = 1.000; Egger’s: P = -). 205 

 206 

4. Discussion 207 

In the current systematic review and meta-analysis comprising 10 RCTs, adherence to the 208 

anti-inflammatory diets shown to be effective in fatigue reduction and physical health 209 

improvement.  210 

The quest for adjunctive therapies in the management of MS has led to increasing interest 211 

in the potential of dietary modifications. Anti-inflammatory diets are believed to have 212 

beneficial effects by modulating immune responses, reducing oxidative stress, and improving 213 

gut health [23]. This paper examined the pooled effects of anti-inflammatory diets and their 214 

potential roles in influencing the cellular and immunological landscape in individuals with MS. 215 

Anti-inflammatory diets, often inspired by complementary and alternative medicine, focus 216 

on foods like fish, fruits, vegetables, and whole grains while cutting back on processed foods 217 

and red meat [24]. For people with MS, a condition where the immune system attacks the 218 

nervous system, these diets might help reduce fatigue and improve physical health by lowering 219 

inflammation in the body [25]. Research suggests they work by calming down the immune 220 

response and supporting overall health, but the exact benefits can vary from person to person 221 

[26]. It seems likely that these diets reduce inflammation through molecular pathways, such as 222 
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lowering proinflammatory cytokines like IL-17, IL-1β and IL-6, which are linked to fatigue in 223 

MS [27]. Foods rich in omega-3 fatty acids, like fish, may also help by promoting regulatory 224 

T cells, which calm the immune system [28]. Fiber from fruits and vegetables supports gut 225 

bacteria, producing substances that might protect nerve cells [29]. While these mechanisms are 226 

promising, more research is needed to confirm how well they work for everyone. 227 

There are various molecular and biological mechanisms by which anti-inflammatory diets, 228 

based on complementary and alternative medicine, may improve fatigue and physical health in 229 

MS. Anti-inflammatory diets, such as the Mediterranean diet and DASH diet, are hypothesized 230 

to mitigate these effects by modulating immune responses and reducing oxidative stress [30]. 231 

Anti-inflammatory diets influence MS through several molecular pathways, primarily targeting 232 

inflammation and immune regulation. PUFAs, particularly omega-3 fatty acids, are 233 

metabolized into anti-inflammatory prostaglandins (e.g., PGE1, PGE2), which modulate 234 

cytokine production and leukocyte migration [31]. Studies indicate that PUFAs induce 235 

Peroxisome Proliferator-Activated Receptors (PPAR) in CNS-infiltrating T cells, reducing 236 

inflammation [32]. Preclinical models, like the cuprizone-induced demyelination model, show 237 

that EPA pretreatment reduces weight loss and increases cerebroside content, suggesting 238 

neuroprotection and remyelination [33]. 239 

Fruits, vegetables, and whole grains impact gut microbiota, fermenting fiber into Short-240 

Chain Fatty Acids (SCFAs) like butyrate [34, 35]. SCFAs promote Treg differentiation and 241 

reduce pro-inflammatory cytokines via GPCR activation (e.g., GPR43) and HDAC inhibition 242 

[36-38]. Tryptophan metabolites from cruciferous vegetables activate the Aryl hydrocarbon 243 

Receptor (AhR), inducing FoxP3+ Tregs and IL-10-producing Tr1 cells, inhibiting Th17 244 

differentiation, and crossing the blood-brain barrier to affect astrocytes [39]. Flavonoids, AhR 245 

agonists found in fruits and vegetables, show anti-inflammatory effects, neuroprotection, and 246 

remyelination in EAE models [40]. Specific diets like the Mediterranean diet [41], McDougall 247 
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diet (very low-fat, plant-based) and Paleolithic diet (lean meats, vegetables, no dairy/grains) 248 

may reduce proinflammatory effects through low saturated fat and high fiber, though evidence 249 

is preliminary [42, 43]. 250 

Genetic factors influence MS susceptibility and response to dietary interventions. 251 

Research highlights interactions between diet and polymorphisms in fatty acid biosynthesis 252 

genes, particularly FADS2 [44]. Researchers found that FADS2 SNPs rs174611 and rs174618 253 

are associated with lower MS risk, linked to omega-3 PUFA metabolism. Genetic factors might 254 

play a role in how well these diets work for MS [45]. For example, certain gene variants, like 255 

those in the FADS2 gene related to omega-3 metabolism, could influence MS risk and how 256 

someone responds to diet [44]. Foods like seafood, vegetables, and supplements (e.g., vitamin 257 

D, folic acid) are often highlighted, but the best mix is still debated. 258 

Anti-inflammatory food agents also include magnesium, niacin, and vitamins D, A, E, 259 

found in fruits, vegetables, whole grains, fish, nuts, and dairy [46]. Studies link higher intake 260 

of calcium, iron, folic acid, vitamin B12, and C to lower primary progressive MS incidence 261 

[47]. Proinflammatory agents include carbohydrates, cholesterol, total fat, saturated fat, trans 262 

fat, and red meat, associated with increased MS risk [48]. Researchers found higher 263 

fruit/vegetable intake reduces disease activity and disability, with MS studies showing almost 264 

50% decreased relapse risk per cup-equivalent vegetable increase [49]. 265 

The Dietary Inflammatory Index (DII) helps measure how inflammatory a diet is, with 266 

lower scores linked to better MS outcomes, but individual responses can differ [50]. There’s 267 

some controversy over which foods are best for MS, with debates about dairy and other items. 268 

Lower DII diets, rich in anti-inflammatory foods, may reduce fatigue and improve physical 269 

health by mitigating systemic inflammation [51, 52]. While early studies are encouraging, we 270 

need more long-term research to be sure these diets are safe and effective for everyone. 271 
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Personalized approaches are also exciting, but they’re still in early stages, and not all findings 272 

apply to every population. 273 

 274 

Limitations 275 

The current meta-analysis presents several limitations that warrant attention. The most 276 

significant limitation of this systematic review and meta-analysis is the limited number of 277 

studies available. Certain variables were reported in only two studies, which adversely 278 

impacted the pooled effect analysis. Additionally, a considerable degree of heterogeneity was 279 

noted in certain outcomes, and the sources of heterogeneity could not be explored through 280 

subgroup analysis. Finally, further RCTs with larger sample sizes would be require for 281 

confirming the present results. 282 

 283 

5. Conclusion 284 

This systematic review and meta-analysis suggest the anti-inflammatory diets may 285 

effectively normalize physical health as a QoL indicator in MS patients. A slight reduction in 286 

fatigue severity was also observed, however, additional trials assessing serological, functional, 287 

and physical outcomes are warranted to fully evaluate anti-inflammatory diets efficacy in MS 288 

management. 289 
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Figure Legends: 301 

Figure 1. PRISMA flow diagram of the selected studies 302 

Figure 2. Risk of bias assessment 303 

Figure 3. Pooled effect sizes describing the efficacy of anti-inflammatory diets based on complementary and 304 

alternative medicine on anthropometric indices “BW (A)(P= 0.846), BMI (B) (P= 0.990), and WC (C) (P= 0.364). 305 

BW, body weight; BMI, body mass index; WC, waist circumference. 306 

Figure 4. Pooled effect sizes describing the efficacy of anti-inflammatory diets based on complementary and 307 

alternative medicine on EDSS (A)(P= 0.321), MFIS (B) (P= 0.032), PHCS (C) (P= 0.036), and MHCS (D) (P= 308 

0.358). EDSS, expanded disability status scale; MFIS, modified fatigue impact scale; PHCS, physical health 309 

composite score; MHCS, mental health composite score. PHCS and MHCS are two main final scores of Multiple 310 

Sclerosis Quality of Life-54 items (MSQOL) questionnaire. 311 

Figure 5. Pooled effect sizes describing the efficacy of anti-inflammatory diets based on complementary and 312 

alternative medicine on hs-CRP (A)(P= 0.162), IL-4 (B)(P= 0.942), IL-17 (C)(P= 0.085), SGOT (D)(P= 0.236), 313 

and SGPT (E)(P= 0.939). hs-CRP, high sensitive C-reactive protein; IL interleukin; SGOT, serum glutamic 314 

oxaloacetic transaminase; SGPT, serum glutamic-pyruvic transaminase. 315 

 316 
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