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Migraine in multiple sclerosis and other chronic inflammatory diseases. 

 

Abstract 

Migraine is a very prevalent disease worldwide and is a major cause of disability. As known 

for a long time, migraine is associated with neurogenic inflammation. Epidemiological studies 

have shown that migraine is comorbid with several chronic inflammatory diseases, including 

multiple sclerosis (MS), chronic inflammatory rheumatic diseases (CIRDs) and inflammatory 

bowel diseases (IBDs). This brief narrative review highlights some recent data supporting a 

link between migraine and these three chronic inflammatory diseases. Studies found that 

migraine prevalence is approximately two-fold higher in these diseases compared to the 

general population. The causal link between migraine and these chronic inflammatory 

diseases has not been identified yet. Here, we suggest that systemic mediators (such as 

cytokines) and gut microbiome make migraine worse or add significant risks. Systemic 

inflammation biomarkers and gut microbiome modification are certainly avenues worth 

exploring.   
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Abbreviations 

95% CI: 95% confidence interval 

CCL20: C-C chemokine ligand 20 

CD: Crohn’s disease  

CGRP: calcitonin gene related peptide 

CIRD: chronic inflammatory rheumatic disease 

CSF: cerebrospinal fluid 

IBD: inflammatory bowel disease 

IL: interleukin 

MS: multiple sclerosis 

OR: odds ratio 

PsA: psoriatic arthritis  

RA: rheumatoid arthritis 

SP: substance P 

SpA: spondyloarthritis 

UC: ulcerative colitis 

 

1. Introduction 

Migraine is currently the sixth most prevalent disease worldwide with a prevalence around 

15% and is a major cause of disability [1]. It is well-known for decades that non-steroidal 

anti-inflammatory drugs (NSAIDs) are effective in the treatment of migraine attacks [2]. A 

large volume of work has also suggested an important role for inflammation, in particular 

neurogenic inflammation, in migraine pathophysiology (for review, see [3]). Several major 

cytokines, including tumor necrosis factor (TNF), IL-1β and IL-6, have been linked to 

migraine pathophysiology, as their levels are altered in individuals with this condition [4]. In 

addition, an inflammatory soup is frequently used in preclinical models to mimic migraine 

headaches and related trigeminal sensitization [5,6]. Indeed, neurogenic inflammation is 

characterized by the release of neuropeptides including substance P (SP) and calcitonin gene 

related peptide (CGRP) from the trigeminal innervation. This release leads to vasodilation, 

plasma extravasation secondary to capillary leakage, edema, and mast cell degranulation 

leading in turn to increased neuronal activation in the trigeminovascular system.  

Thus, if inflammation is directly involved in the pathophysiology of migraine appearance or 

chronicization, another cause of chronic inflammation that would increase inflammatory 

mediators selectively in the brain or more globally would be able to increase migraine 
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prevalence and/or severity. Based on such observation, several epidemiological studies have 

been performed in chronic inflammatory diseases such as multiple sclerosis (MS), chronic 

inflammatory rheumatic diseases (CIRDs) and inflammatory bowel diseases (IBD). This brief 

review highlights some recent data on such association between migraine and some chronic 

inflammatory diseases. Speculation concerning the potential inflammatory mediators 

implicated in all these diseases will be provided.  

  

2. Comorbid conditions in migraine  

2. 1. Migraine and multiple sclerosis 

MS is the most frequent chronic disease generating neurologic disability in young adults [7]. 

It continues to be a challenging and disabling condition but there is now greater understanding 

of the underlying genetic and environmental factors that drive this condition and many 

treatments are available [8]. The median age at disease onset is around 30 and 70% of patients 

are women. Overall, 85% of the patients begin with a relapsing-remitting disease, each 

relapse corresponding to an episode of inflammation. Thus, both sex ratio and age present 

similarities with migraine epidemiology. Several well-conducted studies have shown an 

increased prevalence of migraine in MS [9–12]. Conversely, it has also been suggested that 

being a migraineur was increasing the risk to present with MS [13]. Indeed, in a cohort of 

more than  100,000 female nurses, the relative risk of developing MS in migraineurs was 1.39 

times higher than in non-migraineurs (95% CI 1.10-1.77, p = 0.008). Nonetheless, the 

absolute risk of developing MS in women migraineurs over a 15-year follow-up was still low 

(0.47%).  According to a recent systematic review and meta-analysis, the overall migraine 

prevalence among MS patients was 31% [95%CI = 22 to 40], i.e. around two times more than 

in the general population [14].  

As stated above, the link between migraine and MS could be bidirectional [13]. A 

bidirectional link between pain and MS has also been suggested by data obtained in animal 

models [15]. Indeed, Arima and collaborators demonstrated that a pain-mediated neural signal 

can be transformed into an inflammation reaction at specific vessels to induce disease relapse, 

thus making this signal a potential therapeutic target. Although pain relief should already be 

sought for patients’ quality of life, if headache pain had also a direct role in the risk of relapse, 

it would need even more care for the treatment of this symptom. However, conflicting results 

have been published, with either a decrease MS activity among migraineurs [16] or a clear 

increase in the relapse rate among MS migraineurs [17]. Of note, these two studies were made 

by the same research group and were well-conducted. Thus, the link between MS activity and 
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migraine is still an open question. Presence of small cortical lesions or lesions within the 

midbrain could also make a link between the two conditions. Indeed, direct meningeal 

inflammation, dysregulation of areas implicated in pain control or facilitated cortical 

spreading depression could explain the increased occurrence of migraine in MS. It could be of 

interest to look at the temporal relationship between MS and migraine appearance, migraine 

frequency, migraine treatment and impact of the disease modifying treatment used for MS. 

Indeed, multiple interactions between these factors could exist and have not been taken into 

account in the studies published to date. 

Interestingly, it has also been shown that migraine headache were frequent at the time of 

diagnosis [18]. 

A postal survey conducted in France to assess the prevalence of pain in a cohort of 1,300 

patients with MS, 46% of the respondents (n = 673) had migraine [9]. Migraine was mostly 

episodic, but headaches were occurring on ≥15 days per month in 15% of those with 

migraine. Migraine was associated with younger age, disease duration, relapsing-remitting 

course, and interferon-beta treatment. Such association has been reported in other well-

conducted studies [19,20] and could be in favor of a role of the inflammasome activation in 

migraine development [21]. Another link between MS, migraine and inflammation has been 

suggested in one study showing that high-sensitivity C-reactive protein (CRP) levels where 

higher in MS patients with migraine compared to patients without migraine [22]. Although 

such an inflammation marker is of low specificity, it is one indicator of the importance of 

inflammation in the coexistence of these two diseases. 

 

2.2. Migraine in chronic inflammatory rheumatic diseases  

Chronic inflammatory rheumatic diseases (CIRDs), is a class of rheumatic diseases that is 

represented by rheumatoid arthritis (RA), spondyloarthritis (SpA), and psoriatic arthritis 

(PsA). The common feature of these three diseases is that they include chronic inflammation, 

causing inflammatory pain, which leads to functional disability. The current therapeutic 

objective is to achieve clinical remission, that is, the absence of pain, joint swelling, spinal 

stiffness, and biological inflammatory syndrome. In a cross-sectional study, we assessed the 

prevalence of migraine in 499 patients with CIRDs, including 238 patients with RA, 188 with 

SpA and 72 with PsA [23]. Migraine was diagnosed according to IHS migraine diagnostic 

criteria [24]. The prevalence of migraine was 34%. Compared to the French general 

population, these patients had a significantly higher prevalence of migraine (two-fold). Risk 

factors for migraine were a high level of anxiety, female sex, young age, and TNF-alpha 
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inhibitor treatment (OR = 1.90 (1.13-3.25)). Besides, high disease activity was a risk factor in 

SpA. Blood CRP level was not significantly associated with migraine, but was low overall in 

those clinically well-controlled patients. This study showed that migraine frequently occurred 

in patients with rheumatic diseases. Therefore, upon reporting residual pain, we suggest that 

these patients should be checked for the presence of migraine, despite adequate clinical 

control of rheumatic disease. 

In a population-based, propensity score-matched cohort study, it has been shown that 

compared to the non-migraine group, the multivariable-adjusted hazard ratio of RA for the 

migraine group was 1.91 (95% CI 1.58-2.31, p < 0.001) [25]. Although this study had a major 

limit as only 60,000 migraineurs were identified among more than 20 million inhabitants, 

leading to a migraine prevalence around 0.3%, the matching was made properly and the result 

clearly suggest an association between migraine and RA.   

Beside CIRDs, an even more frequent rheumatologic disease is arthritis. A study has shown, 

after adjusting for several potential confounders, that there was a significant association 

between arthritis and migraine (OR = 1.83, 95% CI = 1.20-2.81) [26]. The association was 

more significant in women aged <45. The mechanism for the coexistence of migraine and 

arthritis has not been explored, but it is well-known that the inflammasome is involved in 

arthritis inflammation and such inflammation could make a link between these two entities 

[27]. 

 

2.3. Migraine in inflammatory bowel diseases  

Inflammatory bowel diseases (IBDs), including ulcerative colitis (UC) and Crohn’s disease 

(CD), are systemic, chronic inflammatory conditions that predominately affect the 

gastrointestinal tract but are also characterized by numerous extra-intestinal manifestations 

(articular, cutaneous, ocular). As brain-gut interactions are known to be bidirectional [28] and 

as many IBD patients complain about headaches in daily practice, we included 203 

consecutive tertiary-care center patients to assess the prevalence of migraine in IBD patients 

[29]. In our cohort, migraine prevalence was two-fold higher in IBD patients compared to the 

general population (41% vs. 21.3%, p < 0.001). Migraine was associated with younger age, 

female gender and higher depression scores. Among unexpected observations, one study [30] 

found that migraine, typically classified as a disease of the central nervous system, appears to 

be genetically most similar to irritable bowel syndrome and environmentally most similar to 

cystitis and urethritis, all of which are inflammatory diseases. Although migraine impact was 

very important for 30% of the patients, specific acute therapeutics were prescribed in only 
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22% of cases. Although further studies are needed to confirm whether migraine should be 

classified as IBD extra-intestinal manifestations, such association has been reported by other 

authors [31,32]. However, systematic screening is not recommended to date, as migraine is 

not considered as an extra-intestinal manifestation so far, although this co-occurrent symptom 

is far more frequent than joint involvement, which is considered to be the most frequent extra-

intestinal manifestation [33]. We suggest adding systematic screening for migraine in the 

monitoring of IBD patients to provide appropriate treatment. 

 

3. Putative pathophysiological mechanisms 

3.1. Systemic inflammation 

Several authors have tried to find better biomarkers for inflammation in MS. In both plasma 

and cerebrospinal fluid (CSF), several biomarkers have been suggested but are not used in 

routine clinical practice [34]. C-C chemokine ligand 20 (CCL20) is a cytokine responsible for 

the chemoattraction of immature dendritic cells and its level seems associated with MS 

severity. It has also been suggested that CCL20 could be involved in RA [35] or IBD [36] 

pathogenesis. It is also known that high levels of T helper (Th) lymphocytes and related 

cytokines and chemokines have been found in central nervous system lesions and in CSF of 

MS patients, thus contributing to the breakdown of the blood-brain barrier, the activation of 

resident astrocytes and microglia, and finally the outcome of neuroinflammation [37]. To 

date, several types of Th cells have been discovered and designated according to the secreted 

lineage-defining cytokines. Thus, Th17 secretes mainly interleukin 17 (IL-17) that is a pro-

inflammatory cytokine, together with other proinflammatory cytokines such as IL-21 or IL-

22. IL-17 and IL-23 have been associated with MS. These two cytokines are also involved in 

other chronic inflammatory diseases such as IBD [38] or RA [39]. Thus, looking for a 

common denominator between chronic inflammatory diseases and a relationship between 

these inflammatory diseases and migraine can be helpful to better understand potential factors 

common to such association. To date, no study has explored the level of CCL20, IL17 or IL23 

in the serum of a large sample of patients with episodic or chronic migraine, compared with 

healthy controls. In addition, the impact of CCL20, IL17 or IL23 injection has not been tested 

in preclinical models to look for an increased sensitivity to migraine in animal models. 

 

3.2. Gut microbiome 

The terminology gut-brain axis points out a bidirectional relationship between the 

gastrointestinal system and the central nervous system [40]. To date, several studies have 
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shown that migraine is associated with some gastrointestinal disorders such as Helicobacter 

pylori infection, irritable bowel syndrome, and celiac disease. However, the mechanisms 

explaining how the gut and the brain may interact in patients with migraine are not entirely 

clear [41]. Studies suggest that this interaction seems to be influenced by multiple factors, 

notably inflammatory mediators (IL-1β, IL-6, IL-8, and TNF-α), gut microbiota profile, stress 

hormones or sexual hormones. Neuropeptides including calcitonin gene-related peptide 

(CGRP), substance P, vasoactive intestinal peptide (VIP), neuropeptide Y (NPY) are thought 

to have antimicrobial impact on a variety of gut bacterial strains and thus speculated to be 

involved in the bidirectional relationship between the gut and the brain.  

Concerning the gut microbiome, it has been shown that fusobacteria phyla are common 

features in IBD and CIRD patients [42]. Gut microbiome modifications have also been 

investigated in MS and various alteration have been described, disease modifying treatment 

also having an impact on the microbiota [43,44]. The link between such modification in the 

microbiome and potential impact on systemic inflammation peptides that could increase 

migraine risk has to be explored. One proposed biomarker is calprotectin, measured in daily 

practice in the feces of IBD patients for their follow-up, and that has been suggested to be 

used as a biomarker to monitor the risk of relapses in CIRDs when measured in the serum 

[45]. Serum calprotectin has also been shown to increase during MS relapses, and is also 

elevated in the cerebrospinal fluid [46,47]. To date, the impact of an increased in calprotectin 

has not been evaluated in preclinical models to look for an increased sensitivity to migraine. 

 

4. Conclusions 

It is clear from the studies reviewed here that migraine disorders are comorbid with various 

chronic inflammatory diseases such as MS, CIRDs or IBD. Nonetheless, the bidirectional 

mechanisms that are likely to underlie this extensive comorbidity between migraine and 

inflammatory diseases are not been found yet. Systemic inflammation biomarkers and gut 

microbiome modification are certainly avenues worth exploring.   

 

Disclosure of interest 

Xavier Moisset reports fees from Allergan, Biogen, Bristol Myers Squibb, Grünenthal, Lilly, 

Merck-Serono, Novartis, Roche, Sanofi-Genzyme, TBWA, and Teva and non-financial 

support from SOS Oxygène, Boehringer, not related to the submitted work. 

Pierric Giraud reports fees from Allergan, Lilly, Teva, Novartis, Biogen, Roche, Sanofi-

Genzyme and Merck-Serono not related to the submitted work. 



 

8 

 

Radhouane Dallel has no conflict of interests. 

  



 

9 

 

5. References 

[1] GBD 2016 Headache Collaborators. Global, regional, and national burden of migraine 

and tension-type headache, 1990-2016: a systematic analysis for the Global Burden of 

Disease Study 2016. Lancet Neurol 2018;17:954–76. https://doi.org/10.1016/S1474-

4422(18)30322-3. 

[2] Ashina M. Migraine. N Engl J Med 2020;383:1866–76. 

https://doi.org/10.1056/NEJMra1915327. 

[3] Edvinsson L, Haanes KA, Warfvinge K. Does inflammation have a role in migraine? Nat 

Rev Neurol 2019;15:483–90. https://doi.org/10.1038/s41582-019-0216-y. 

[4] Perini F, D’Andrea G, Galloni E, Pignatelli F, Billo G, Alba S, et al. Plasma cytokine 

levels in migraineurs and controls. Headache 2005;45:926–31. 

https://doi.org/10.1111/j.1526-4610.2005.05135.x. 

[5] Boyer N, Signoret-Genest J, Artola A, Dallel R, Monconduit L. Propranolol treatment 

prevents chronic central sensitization induced by repeated dural stimulation. Pain 

2017;158:2025–34. https://doi.org/10.1097/j.pain.0000000000001007. 

[6] Boyer N, Dallel R, Artola A, Monconduit L. General trigeminospinal central sensitization 

and impaired descending pain inhibitory controls contribute to migraine progression. Pain 

2014;155:1196–205. https://doi.org/10.1016/j.pain.2014.03.001. 

[7] Reich DS, Lucchinetti CF, Calabresi PA. Multiple Sclerosis. N Engl J Med 

2018;378:169–80. https://doi.org/10.1056/NEJMra1401483. 

[8] Thompson AJ, Baranzini SE, Geurts J, Hemmer B, Ciccarelli O. Multiple sclerosis. 

Lancet 2018;391:1622–36. https://doi.org/10.1016/S0140-6736(18)30481-1. 

[9] Moisset X, Ouchchane L, Guy N, Bayle DJ, Dallel R, Clavelou P. Migraine headaches 

and pain with neuropathic characteristics: comorbid conditions in patients with multiple 

sclerosis. Pain 2013;154:2691–9. https://doi.org/10.1016/j.pain.2013.07.050. 

[10] Pakpoor J, Handel AE, Giovannoni G, Dobson R, Ramagopalan SV. Meta-analysis of 

the relationship between multiple sclerosis and migraine. PLoS ONE 2012;7:e45295. 

https://doi.org/10.1371/journal.pone.0045295. 

[11] Kister I, Caminero AB, Monteith TS, Soliman A, Bacon TE, Bacon JH, et al. Migraine 

is comorbid with multiple sclerosis and associated with a more symptomatic MS course. J 

Headache Pain 2010;11:417–25. https://doi.org/10.1007/s10194-010-0237-9. 

[12] Beckmann Y, Türe S. Headache characteristics in multiple sclerosis. Mult Scler Relat 

Disord 2019;27:112–6. https://doi.org/10.1016/j.msard.2018.09.022. 

[13] Kister I, Munger KL, Herbert J, Ascherio A. Increased risk of multiple sclerosis 

among women with migraine in the Nurses’ Health Study II. Mult Scler 2012;18:90–7. 

https://doi.org/10.1177/1352458511416487. 

[14] Mirmosayyeb O, Barzegar M, Nehzat N, Shaygannejad V, Sahraian MA, Ghajarzadeh 

M. The prevalence of migraine in multiple sclerosis (MS): A systematic review and meta-

analysis. J Clin Neurosci 2020;79:33–8. https://doi.org/10.1016/j.jocn.2020.06.021. 

[15] Arima Y, Kamimura D, Atsumi T, Harada M, Kawamoto T, Nishikawa N, et al. A 

pain-mediated neural signal induces relapse in murine autoimmune encephalomyelitis, a 

multiple sclerosis model. Elife 2015;4. https://doi.org/10.7554/eLife.08733. 

[16] Salter A, Kowalec K, Fitzgerald KC, Cutter G, Marrie RA. Comorbidity is associated 

with disease activity in MS: Findings from the CombiRx trial. Neurology 2020;95:e446–

56. https://doi.org/10.1212/WNL.0000000000010024. 

[17] Kowalec K, McKay KA, Patten SB, Fisk JD, Evans C, Tremlett H, et al. Comorbidity 

increases the risk of relapse in multiple sclerosis: A prospective study. Neurology 

2017;89:2455–61. https://doi.org/10.1212/WNL.0000000000004716. 



 

10 

 

[18] Gebhardt M, Kropp P, Hoffmann F, Zettl UK. Headache at the Time of First Symptom 

Manifestation of Multiple Sclerosis: A Prospective, Longitudinal Study. Eur Neurol 

2018;80:115–20. https://doi.org/10.1159/000494092. 

[19] de Jong HJI, Kingwell E, Shirani A, Cohen Tervaert JW, Hupperts R, Zhao Y, et al. 

Evaluating the safety of β-interferons in MS: A series of nested case-control studies. 

Neurology 2017;88:2310–20. https://doi.org/10.1212/WNL.0000000000004037. 

[20] Villani V, Prosperini L, De Giglio L, Pozzilli C, Salvetti M, Sette G. The impact of 

interferon beta and natalizumab on comorbid migraine in multiple sclerosis. Headache 

2012;52:1130–5. https://doi.org/10.1111/j.1526-4610.2012.02146.x. 

[21] Kopitar-Jerala N. The Role of Interferons in Inflammation and Inflammasome 

Activation. Front Immunol 2017;8. https://doi.org/10.3389/fimmu.2017.00873. 

[22] Hamamcı M, Göcmen AY, Say B, Alpua M, Badem ND, Ergün U, et al. Why do 

multiple sclerosis and migraine coexist? Mult Scler Relat Disord 2020;40:101946. 

https://doi.org/10.1016/j.msard.2020.101946. 

[23] Mathieu S, Couderc M, Pereira B, Dubost J-J, Malochet-Guinamand S, Tournadre A, 

et al. Prevalence of Migraine and Neuropathic Pain in Rheumatic Diseases. J Clin Med 

2020;9. https://doi.org/10.3390/jcm9061890. 

[24] Headache Classification Committee of the International Headache Society (IHS) The 

International Classification of Headache Disorders, 3rd edition. Cephalalgia 2018;38:1–

211. https://doi.org/10.1177/0333102417738202. 

[25] Wang Y-C, Huang Y-P, Wang M-T, Wang H-I, Pan S-L. Increased risk of rheumatoid 

arthritis in patients with migraine: a population-based, propensity score-matched cohort 

study. Rheumatol Int 2017;37:273–9. https://doi.org/10.1007/s00296-016-3604-2. 

[26] Jacob L, Shin JI, López-Sánchez GF, Haro JM, Koyanagi A, Kim JY, et al. 

Association between Arthritis and Migraine: A US Nationally Representative Study 

Including 2649 Adults. J Clin Med 2021;10. https://doi.org/10.3390/jcm10020342. 

[27] Spel L, Martinon F. Inflammasomes contributing to inflammation in arthritis. 

Immunol Rev 2020;294:48–62. https://doi.org/10.1111/imr.12839. 

[28] Koloski NA, Jones M, Kalantar J, Weltman M, Zaguirre J, Talley NJ. The brain--gut 

pathway in functional gastrointestinal disorders is bidirectional: a 12-year prospective 

population-based study. Gut 2012;61:1284–90. https://doi.org/10.1136/gutjnl-2011-

300474. 

[29] Moisset X, Bommelaer G, Boube M, Ouchchane L, Goutte M, Dapoigny M, et al. 

Migraine prevalence in inflammatory bowel disease patients: A tertiary-care centre cross-

sectional study. Eur J Pain 2017. https://doi.org/10.1002/ejp.1056. 

[30] Wang K, Gaitsch H, Poon H, Cox NJ, Rzhetsky A. Classification of common human 

diseases derived from shared genetic and environmental determinants. Nat Genet 

2017;49:1319–25. https://doi.org/10.1038/ng.3931. 

[31] Chehel Cheraghi S, Ebrahimi Daryani N, Ghabaee M. A Survey on Migraine 

Prevalence in Patients with Inflammatory Bowel Disease - A Single Centre Experience. 

Middle East J Dig Dis 2016;8:282–8. https://doi.org/10.15171/mejdd.2016.37. 

[32] Leitão AMF, Ribeiro Junior HL, Araújo DF, Braga LLBC, Souza MHLP, Barbosa 

AMC, et al. Neuropathy and primary headaches affect different subgroups of 

inflammatory bowel disease patients. Neurol Sci 2020. https://doi.org/10.1007/s10072-

020-04596-y. 

[33] Van Assche G, Dignass A, Reinisch W, van der Woude C, Sturm A, De Vos M, et al. 

The second European evidence-based Consensus on the diagnosis and management of 

Crohn’s disease: Special situations. J Crohns Colitis 2010;4:63–101. 



 

11 

 

[34] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients 

infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020;395:497–506. 

https://doi.org/10.1016/S0140-6736(20)30183-5. 

[35] Lee AYS, Körner H. CCR6 and CCL20: emerging players in the pathogenesis of 

rheumatoid arthritis. Immunol Cell Biol 2014;92:354–8. 

https://doi.org/10.1038/icb.2013.97. 

[36] Trivedi PJ, Adams DH. Chemokines and Chemokine Receptors as Therapeutic Targets 

in Inflammatory Bowel Disease; Pitfalls and Promise. J Crohns Colitis 2018;12:S641–52. 

https://doi.org/10.1093/ecco-jcc/jjx145. 

[37] Kunkl M, Frascolla S, Amormino C, Volpe E, Tuosto L. T Helper Cells: The 

Modulators of Inflammation in Multiple Sclerosis. Cells 2020;9. 

https://doi.org/10.3390/cells9020482. 

[38] Moschen AR, Tilg H, Raine T. IL-12, IL-23 and IL-17 in IBD: immunobiology and 

therapeutic targeting. Nat Rev Gastroenterol Hepatol 2019;16:185–96. 

https://doi.org/10.1038/s41575-018-0084-8. 

[39] Lubberts E. The IL-23-IL-17 axis in inflammatory arthritis. Nat Rev Rheumatol 

2015;11:415–29. https://doi.org/10.1038/nrrheum.2015.53. 

[40] Cámara-Lemarroy CR, Rodriguez-Gutierrez R, Monreal-Robles R, Marfil-Rivera A. 

Gastrointestinal disorders associated with migraine: A comprehensive review. World J 

Gastroenterol 2016;22:8149–60. https://doi.org/10.3748/wjg.v22.i36.8149. 

[41] Arzani M, Jahromi SR, Ghorbani Z, Vahabizad F, Martelletti P, Ghaemi A, et al. Gut-

brain Axis and migraine headache: a comprehensive review. J Headache Pain 2020;21:15. 

https://doi.org/10.1186/s10194-020-1078-9. 

[42] Salem F, Kindt N, Marchesi JR, Netter P, Lopez A, Kokten T, et al. Gut microbiome 

in chronic rheumatic and inflammatory bowel diseases: Similarities and differences. 

United European Gastroenterol J 2019;7:1008–32. 

https://doi.org/10.1177/2050640619867555. 

[43] Mirza A, Forbes JD, Zhu F, Bernstein CN, Van Domselaar G, Graham M, et al. The 

multiple sclerosis gut microbiota: A systematic review. Mult Scler Relat Disord 

2020;37:101427. https://doi.org/10.1016/j.msard.2019.101427. 

[44] Camara-Lemarroy CR, Metz L, Meddings JB, Sharkey KA, Wee Yong V. The 

intestinal barrier in multiple sclerosis: implications for pathophysiology and therapeutics. 

Brain 2018;141:1900–16. https://doi.org/10.1093/brain/awy131. 

[45] Romand X, Bernardy C, Nguyen MVC, Courtier A, Trocme C, Clapasson M, et al. 

Systemic calprotectin and chronic inflammatory rheumatic diseases. Joint Bone Spine 

2019;86:691–8. https://doi.org/10.1016/j.jbspin.2019.01.003. 

[46] Berg-Hansen P, Vandvik B, Fagerhol M, Holmøy T. Calprotectin levels in the 

cerebrospinal fluid reflect disease activity in multiple sclerosis. J Neuroimmunol 

2009;216:98–102. https://doi.org/10.1016/j.jneuroim.2009.09.006. 

[47] Olsson A, Gustavsen S, Hasselbalch IC, Langkilde AR, Sellebjerg F, Oturai AB, et al. 

Biomarkers of inflammation and epithelial barrier function in multiple sclerosis. Mult 

Scler Relat Disord 2020;46:102520. https://doi.org/10.1016/j.msard.2020.102520. 

 

 




