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Highlights

o Lower vitamin D levels were detected in the coexistence of MS and migraine.

o Lower antioxidant enzyme levels were detected in the coexistence of MS and migraine.
o Higher oxidative stress was detected in the coexistence of MS and migraine.

o Higher hs-CRP levels were detected in the coexistence of MS and migraine.

e There is a need to better understand the coexistence of MS and migraine.
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Background: Migraine coexistence, which is high in multiple sclerosis (MS), is reported. To better
understand the etiology of the coexistence of MS and migraine and the outcomes of this relationship, the
vitamin D, vitamin D-binding protein (VITDBP), vitamin D receptor (VITDR), high-sensitivity C-reactive
protein (hs-CRP), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px), total
antioxidant status (TAS), total oxidant status (TOS), and Oxidative Stress Index (OSI) values were
examined in patients with the coexistence of relapsing-remitting multiple sclerosis (RRMS) and migraine.

Methods: This study was conducted between January 1, 2019, and July 25, 2019, at the neurology and
biochemistry clinics of two different tertiary hospitals simultaneously. Overall, 50 RRMS patients with
migraine, 50 RRMS patients without migraine, and 50 healthy volunteers were included in the study. The
participants’ vitamin D, VITDBP, VITDR, hs-CRP, SOD, CAT, GSH-Px, TAS, TOS, and OSI values
were measured.

Results: The vitamin D and VITDR values of the RRMS patients with migraine were lower than those
of the RRMS patients without migraine (respectively, p = 0.014, p < 0.001). There was no significant
difference between the RRMS patients with and without migraine in terms of their VITDBP values (p =
0.570). The SOD, CAT, GSH-Px, and TAS values of the RRMS patients with migraine were lower than
those without migraine (all p < 0.001). The hs-CRP and TOS values of the RRMS patients with migraine
were higher than those without migraine (all p < 0.001).

Conclusion: To the best of our knowledge, this is the first study on this topic to date. Based on the
results, our study may shed light on the etiopathogenesis of the coexistence of MS and migraine and new
treatments. However, more studies are needed to better understand the etiology of this relationship and its
negative effects.

Keywords; Comorbidity; Vitamin D; High-sensitivity C-reactive protein; Oxidative stress;

Relationship
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1. Introduction

Multiple sclerosis (MS) is the most common immune-mediated disease of the central nervous system
and affects more than 2 million people worldwide (Diaz et al., 2019). It has well-known characteristic
early symptoms such as loss of strength, loss of sensation, visual disorders, spasticity, and fatigue (Patejdl
and Zettl, 2017). Several recent studies have shown high rates of migraine in MS (Beckmann and Tre,
2019; Gebhardt et al., 2019). This has a particular significance, because headaches were accepted as an
exclusion criterion for MS in the past (Gebhardt et al., 2019). It was shown that MS patients at young ages
and with the relapsing-remitting form are especially more likely to experience headaches at the early
stages of the disease compared to MS patients at advanced ages and in other forms (Mdéhrke et al., 2013).

While migraine affects approximately 11.7% (Lipton et al., 2007) of the general population, studies
have found migraine in 19.8-82% of MS patients, and migraine is also the most commonly observed type
of headache in cases of MS (Nicoletti et al., 2008; Vacca et al., 2007). This coexistence is important
because the rate of relapse was reported to increase in MS patients with migraine (Kowalec et al., 2017),
and this relationship may also have negative effects on patients (Marrie, 2017). A literature review found
that studies that have been conducted in the last decade were usually focused on the prevalence of
migraine in MS patients: (Beckmann and Ture, 2019). A literature examination indicated that this
relationship has been demonstrated by prevalence studies, and new studies are necessary to explain the
causes and effects of this coexistence.

While vitamin D deficiency has been reported as a possible risk factor for MS, sufficient vitamin D
levels have also been reported as a possible protective factor (Pierrot-Deseilligny and Souberbielle, 2017).
One study found a significant relative correlation between vitamin D levels and disability in RRMS
patients (Ibrahim et al., 2019). Another study showed that vitamin D supplementation reduced the number
of attacks in RRMS patients treated with natalizumab (Laursen et al., 2016). High rates of vitamin D
deficiency/insufficiency have been shown in migraine patients (Ghorbani et al., 2019). Another study also

found an association between migraine headache frequency and vitamin D levels (Song et al., 2018).
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While there are many questions that should be asked on the coexistence of MS and migraine, the
following two questions may be important.

1) Is there a common mechanism underlying this coexistence?

2) What kind of changes does this relationship cause to the human body?

To answer these questions, we planned a study that we did not find in the literature. Thus, we examined
the vitamin D, vitamin D-binding protein (VITDBP), vitamin D receptor (VITDR), high-sensitivity C-
reactive protein (hs-CRP), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-
Px), total antioxidant status (TAS), total oxidant status (TOS), and Oxidative Stress Index (OSI) values in
relapsing-remitting multiple sclerosis (RRMS) patients with migraine and compared their results to those
of MS patients without migraine and a healthy control group.

2. Materials and methods
2.1. Topic

This study was conducted between January 1 2019, and July 25, 2019, simultaneously at the neurology
and biochemistry clinics of two different tertiary hospitals. The study was approved by the Ethics
Committee of the Faculty of Medicine at the University (protocol number: 2017-KAEK-
189 2019.03.13_01). The principles of the Declaration of Helsinki were used as a reference throughout
the study, and written informed consent was obtained from all of the participants.

This study assessed volunteers between the ages of 18 and 60. Before starting the study, equal numbers
of participants were included in the groups to provide more statistically significant results. The patients
were included from among those who were admitted to the clinics until 50 MS patients with migraine and
50 MS patients without migraine were reached.

The participants were divided into 3 groups as follows:

Group 1: 50 RRMS patients between the ages of 18-60 with the coexistence of migraine.

Group 2: 50 RRMS patients between the ages of 18-60 without the coexistence of migraine.

Group 3: 50 healthy individuals who were age- and sex-matched and had no neurological pathology.
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MS patients who satisfied the 2017 revised McDonald criteria and received a definite MS diagnosis
were included (Thompson et al., 2018). All patients, regardless of existing migraine diagnoses, were re-
evaluated according to the third edition of the International Classification of Headache Disorders (ICHD-
3) (Arnold, 2018). According to these criteria, patients who met the diagnostic criteria of migraine were
included in the coexistence of migraine and multiple sclerosis. Patients with possible migraine were not
included in the groups. Furthermore, patients with possible migraine without a definite diagnosis were not
included in the calculation of rate of MS and migraine coexistence.

The demographic and clinical characteristics of the cases were recorded including age, sex, disease
duration, Body Mass Index (BMI), and Expanded Disability Status Scale (EDSS) values. A complete
neurological examination was performed, and the disability rates were determined by using the EDSS for
each MS patient. The EDSS is scored between 0 and 10, and higher scores indicate higher degrees of
disability (Kurtzke, 1983).

Multiple sclerosis patients who received steroid treatment one month before blood collection or with a
history of attacks were excluded from the study. Blood samples of patients with migraine were collected
on a headache-free day. Patients with Parkinson’s disease, dementia, vascular diseases, metabolic disease
(diabetes mellitus or hypertension), epilepsy, or psychiatric diseases were excluded from the study. Other
exclusion criteria were congenital anomalies of the brain, history of head trauma in the last year, acute
chronic infection, peripheral neuropathy, diseases of the heart, thyroid, and lungs, collagen tissue diseases,
liver diseases, kidney failure, alcohol consumption, and pregnancy.

A total of 143 RRMS patients were screened to reach 50 MS patients with migraine who satisfied the
inclusion criteria. The coexistence of migraine was found in 54 of the 143 RRMS patients. Four of these
patients were excluded based on the exclusion criteria.

2.2. Blood collection and preparation
Venous blood samples were collected from an antecubital vein of each patient after 12 hours of

overnight fasting, and a 10 ml sample of venous blood was placed into a biochemistry tube. Blood
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samples were withdrawn, and their sera were separated with centrifugation at 3000 rpm for 10 min. All of
the materials were stored at -80°C until analysis.
2.3. Analysis of vitamin D, vitamin D-binding protein (VITDBP), vitamin D
receptor (VITDR), and high-sensitivity C-reactive protein (hs-CRP)

Commercial ELISA kits were used to measure the serum levels of vitamin D, VITDBP, and VITDR
(Elabsciences, Beijing, People’s Republic of China) and hs-CRP (DRG International, Inc., Springfield
Township, NJ, USA). The ELISA measurements were conducted with a microplate reader branded
Multiscan GO (Thermo Fisher Scientific, Waltham, MA, USA).

2.4. Determination of superoxide dismutase (SOD) activity

Total SOD activity was determined according to the manufacturer's instructions using an SOD Activity
Assay kit (Rel Assay Diagnostics kit; Mega Tip, Gaziantep, Turkey).

2.5. Measurement of glutathione peroxidase (GSH-Px)

GSH-Px activities were measured using the modified method of Paglia and Valentine in which GSH-
Px activity was coupled to the oxidation of NADPH by glutathione reductase (Paglia and Valentine,
1967). Oxidation of NADPH was followed spectrophotometrically at 340 nm and 37°C. The reaction
mixture consisted of 50 mM of potassium phosphate buffer (pH = 7), 1 mM of EDTA, 1 mM of NaN3, 0.2
mM of NADPH, 1 mM of glutathione, and 1 U ml-1 of glutathione reductase. The absorbance at 340 nm
was recorded for 5 min. The activity was the slope of the lines expressed as pmol of NADPH oxidized per
min. The results are expressed as U/ml.

2:6. Measurement of catalase (CAT) activity

Catalase (CAT, EC, 1.11.1.6) activities were determined using the modified Aebi method (Aebi, 1974).
The assay principle was based on the determination of the rate constant k (dimension: s-1) of hydrogen
peroxide decomposition. By measuring the absorbance changes per minute, the rate constant of the
enzyme was determined. The activities are expressed as U/ml.

2.7. Determination of total antioxidant status (TAS) and total oxidant status

(TOS)
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Serum TAS and TOS levels were determined with commercial kits (Rel Assay Diagnostics kit; Mega
T1p, Gaziantep, Turkey) developed by Erel, and the Oxidative Stress Index (OSI) values were calculated.

The total antioxidant status (TAS) was measured in the serum by the generation of 2,2’-azino-di-(3-
ethylbenzthiazoline sulfonate) (ATBS) radical cations using a commercial TAS kit according to the
manufacturer’s instructions.

The total oxidant status (TOS) was measured as described by the manufacturer’s protocol. In this
method, the oxidants present in the sample oxidized the ferrous ion-o-dianisidine complex to ferric ions.
Ferric ions produce a colored complex with xylenol orange in an acidic medium. The color intensity,
which can be measured spectrophotometrically, is related to the total amount of the oxidant molecules
present in the sample. The assay was calibrated with hydrogen peroxide, and the results are expressed in
terms of pmol H,O, equivalent/L of serum.

2.8. Calculation of Oxidative Stress Index (OSI)

The TOS:TAS ratio was used as the Oxidative Stress Index (OSI) and calculated as follows: OSI

(arbitrary units) = [(TOS, umol H202/L)/(TAS, mmol Trolox equiv./L)].
2.9. Statistical analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences (version 22.0,
IBM Inc., Chicago, IL, USA) software. The descriptive statistics of the data were calculated, and
Kolmogorov-Smirnov tests were applied to test the normal distribution of the data. The chi-squared test
was used for comparison of groups regarding the categorical variables. ANOVA and post hoc Tukey's
tests were used for comparisons among the three groups in terms of data with normal distribution. The
Mann Whitney-U Test was performed for pairwise comparisons in the presence of significant differences.
Pearson’s correlation test was used for the normally distributed data, and Spearman’s correlation test was
used for the data without a normal distribution. A P-value less than 0.05 was considered statistically

significant.
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3. Results
In this study, migraine was found in 54 of the 143 RRMS patients, and the coexistence rate of RRMS
and migraine was 37.8%. No significant difference was found among the groups in terms of age, sex. and

BMI. Table 1 shows the sociodemographic and clinical characteristics of the groups.

Table 1. Sociodemographic and clinical characteristics of the groups

Group 1 Group 2 Group 3
p
(n=50) (n=50) (n=50)
Age, (mean = standard p=0.389
o 35.26 +7.89 37.58 +8.84 35.82+9.54 F=0.949
deviation) .
Female 40 (80%) 36 (72%) 34 (68%) p=0.385
X?=1.909
Male 10 (20%) 14 (28%) 16 (32%)
_ 27.29 24.94 25.15 p=0092
BMI, (median) . ) i X2=4.777
(min: 17.19, max: 36.73) (min: 17.47, max: 40.57) (min: 18.37, max: 37.04) '
p=0.368
EDSS 3 (min: 0, max: 6) 3 (min: 0, max: 6.5) U =1120.50
13 (26%) Interferon beta-1a
14 (28%) Interferon beta-1a < 11 (22%) Glatiramer acetate
11 (22%) Interferon beta-1b 10 (20%) Interferon beta-1b
10 (20%) Glatiramer acetate 7 (14%) Teriflunomide
MS Disease-Modifying 6 (12%) Teriflunomide 4 (8%) Dimethyl fumarate
Therapies 4 (8%) Dimethyl fumarate 2 (4%) Fingolimod
3(6%) Fingolimod 1(2%) Natalizumab
2 (4%)  No prophylactic 1(2%) Ocrelizumab
treatment 1(2%) No prophylactic
treatment

Patients with existing migraine
diagnosis before MS diagnosis, = 31 (62%)

n (%)

Chronic migraine 3 (6%)
Migraine with aura 9 (18%)
Attack frequency

. 4 (min: 1, max: 18)
(attack/month), (median)

Attack duration (hours) .
. 8 (min: 4, max: 72)
(median)

Group 1: relapsing-remitting multiple sclerosis patients with migraine, Group 2: relapsing-remitting multiple sclerosis patients without migraine,
Group 3: healthy volunteers. BMI: Body Mass Index, EDSS: Expanded Disability Status Scale, MS: Multiple sclerosis,
F: ANOVA, X?: Pearson’s chi-squared test.
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Table 2 presents the vitamin D, VITDBP, VITDR, hs-CRP, SOD, CAT, GSH-Px, TAS, TOS, and OSI

values of the groups and their comparison.

Table 2. Group values and comparisons of Vitamin D, VITDBP, VITDR, hs-CRP, SOD, CAT, GSH-Px, TAS, TOS and OSI

Group 1 Group 2 Group 3
(n=50) (n=50) (n=50) p
VITAMIN D 31.997.06* 36.616.77° 53.76+10.11 r; z ;ggﬁ
VITDBP 42.15+13.52° 45.30£14.93" 73.40+17.89 r; z ;Sizi
VITDR 8.49+2.53* 12.59+2.59* 19.92+2.84 ,:p :;322(:315
hs-CRP 9.94+1.23* 6.59:0.36" 2.65£0.10 Fp:lzi;lo.g;
p=<0.001
SoD 14.21+1.19* 15.82+0.72° 19.070.76 F = 365.057
CAT 24.93+1.97* 27.24+1.29° 32.73+1.62 ,F:) : 2203(:;
GSH-Px 112.79+15.19% 134.41+8.48° 176.83+7.14 ,f ::5(;_01012
TAS 0.88+0.18% 1.010.11° 1.65+0.11 ,f : :6(;_01(:10
TOS 15.44£1.91% 12.18+0.92° 7.6420.42 ,f ::903;_(;(;15
OSl index 1.86+0.56* 1.22+0.20° 0.4740.05 ,f :;&07072

Group 1: relapsing-remitting multiple sclerosis patients with migraine, Group 2: relapsing-remitting multiple sclerosis patients without migraine,

Group 3: healthy volunteers. *Significant difference with Group 3. "Significant difference with Group 2.

Vitamin D-binding protein (VITDBP), vitamin D receptor (VITDR), high-sensitivity C-reactive protein (hs-CRP), superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GSH-Px), total antioxidant status (TAS), total oxidant status (TOS), and Oxidative Stress Index (OSlI).
F: ANOVA. Bold values represent significant findings at p <0.05.

The results of the correlation analyses of Groups 1 and 2 between their EDSS values and values of

vitamin D, VITDBP, VITDR, hs-CRP, SOD, CAT, GSH-Px, TAS, TOS, and OSI are shown in Table 3.
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Table 3. Correlation analysis of the EDSS values of Group 1 and Group 2 and their vitamin D, VITDBP, VITDR, hs-CRP, SOD, CAT,
GSH-Px, TAS, TOS, and OSI values

Group 1 Group 2

(n=50) (n=50)
Vitamin D rp==-%.02573; rpzz-%_zl6641
vITOBP o0 oo
VITVOR o0 "oire
hs-CRP r: : 8;283 pr=:<o?7'g$1
soD f n _%',gzi pr:o(.Jé%%l
CAT f ) _%ggé pr:o(.)z‘s(lgl
GSH-Px ?:_8:;;2 pr:o?é(:sosl
TAS f - _%_2232 rp N .%.(;2173
osl Fr) i é’f?? pr:=<02_;(£1

Group 1: relapsing-remitting multiple sclerosis patients with migraine, Group 2: relapsing-remitting multiple sclerosis patients without migraine,
EDSS: Expanded Disability Status Scale, vitamin D-binding protein (VITDBP), vitamin D receptor (VITDR), high-sensitivity C-reactive protein
(hs-CRP), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px), total antioxidant status (TAS), total oxidant status
(TOS), and Oxidative Stress Index (OSI).

Bold values represent significant findings at p < 0.05. All of the parameters were determined as significant (Spearman's correlation analysis).

4. Discussion
When patients who met migraine criteria who were excluded from the study plan were included in the
analysis, migraine coexistence in RRMS was found as 37.8%. It is known that the prevalence of migraine

in MS patients (19.8-82%) is higher than in the general population (Nicoletti et al., 2008; Vacca et al.,
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2007). This difference in prevalence rates of migraine in MS patients may be explained by the racial
characteristics of the relevant patient populations and the methodological differences among such studies.
A recent study of 754 MS patients reported 202 (39%) cases of migraine (Beckmann and Ture, 2019). The
prevalence of migraine in MS patients in our study seems to be in agreement with other studies.

The vitamin D, VITDBP, and VITDR values of the RRMS patients without migraine were lower than
those of the healthy control group. Additionally, the vitamin D and VITDR values of the RRMS patients
with migraine were significantly lower than those of the RRMS patients without migraine. Especially
studies on animal models showed that vitamin D contributes to neural plasticity, neuroprotective effects,
dopaminergic system physiology, and neural connections (Eyles et al., 2007; Pertile et al., 2016). There is
increasing evidence that vitamin D plays a positive role in the regulation of inflammation and oxidative
stress by reducing tumor necrosis factor a, interleukine-1, nitric acid synthase, and oxidative stress
markers. Vitamin D also decreased neuronal loss by increasing neurotrophic and neuroprotective factors
(Mpandzou et al., 2016). In addition, low vitamin D serum levels were found in patients who were
affected by neurodegenerative, neuroinflammatory, and neuropsychological diseases (Hiller et al., 2018;
Pierrot-Deseilligny and Souberbielle, 2017). It was shown that both vitamin D deficiency and migraine
risks vary based on latitudinal differences (Prakash et al., 2010). Lower vitamin D levels were found in
patients with migraine, and a relationship was demonstrated between the pain severity of migraine and
vitamin D (Song et al., 2018). In addition, one study found that vitamin D combined with a statin
decreased the number of attacks in migraine patients (Buettner et al., 2015). Hypovitaminosis D is
common in countries with temperate climates due to insufficient sunlight and variable lifestyles. Some
epidemiological studies have found high prevalence rates of MS in countries at temperate regions and
theorized a relationship between latitude differences and MS risk, assuming that insufficient sunlight and
vitamin D deficiency may be the cause of the increased risk of MS in these countries; however, this theory
is still under debate (Bezzini and Battaglia, 2017; Pierrot-Deseilligny and Souberbielle, 2017; Zheng et al.,
2018). Low vitamin D levels were found in MS patients (Mazdeh et al., 2013), and it was shown that

vitamin D intake may reduce the risk of MS (Cortese et al., 2015). It was also determined that the risk of
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development of MS in children of mothers with low vitamin D levels in early pregnancy increased by 90%
(Munger et al., 2016). When the results of our study are examined in the light of the information in the
literature, it may be important in terms of indicating the effect of low vitamin D in the association of MS
and migraine. Nevertheless, it remains unclear whether vitamin D deficiency may lead to the coexistence
of multiple sclerosis and migraine or if this relationship may cause vitamin D deficiency.

The hs-CRP values in the RRMS patients without migraine were higher than those in the healthy
control group. Additionally, the hs-CRP values of the RRMS patients with migraine were significantly
higher than those of the RRMS patients without migraine comorbidity. The histopathological analyses of
the brain biopsies of post-mortem MS patients demonstrated the presence of lymphoid follicle-like
structures in the meninges (Howell et al., 2011; Magliozzi et al., 2010). Findings on meningeal
inflammation that contains B-cell and T-cell activation seen in MS patients may explain why the
prevalence of headaches is so high at the onset of the disease (Howell et al., 2011; Moreno et al., 2018).
Cortical spreading depression is currently one of the most widely accepted notions in migraine formation
(Ferrari MD et al., 2015). However, there are still questions that haven’t been completely answered. On
the other hand, one study showed that cortical spreading depression opens pannexin-1 megachannels. The
same study demonstrated that pannexin-1 stimulates parenchymal inflammation through the high mobility
group B1 pathway (Karatas H et al., 2013). C-reactive protein was also reported to increase in migraine
patients (Avci et al., 2015; Guzel et al., 2013). The relapse rate was stated to increase in MS patients with
migraine (Kowalec et al., 2017). Elevated hs-CRP levels could be attributed to the cumulative effects of
migraine and MS' coexistence, or it could be suggested that migraine could aggravate MS, and several
other potential causes could be proposed. Therefore, hs-CRP elevation associated with MS and migraine
coexistence cannot be linked to a cause and effect relationship.

RRMS patients without migraine had lower SOD, CAT, and GSH-Px values than the healthy controls.
Additionally, the SOD, CAT, and GSH-Px values of the RRMS patients with migraine were significantly
lower than those of the RRMS patients without migraine. The body contains a complex antioxidant

defense based on endogenous enzymatic and non-enzymatic antioxidants. There are first-, second-, third-,
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and even fourth-line defense mechanisms against free radicals. In humans, SOD, CAT, and GSH-Px are
the first-line defense mechanisms (Ighodaro and Akinloye, 2018). A study showed higher morbidity and
increased gadolinium involvement in MS patients with the glutathione S-transferase supergene family
polymorphism (Mann et al., 2000). Additionally, individuals with migraine had more SOD and CAT
polymorphisms that provide less antioxidant protection (Saygi et al., 2015). The results of this study may
indicate that disruption in the body’s antioxidant system may be an underlying factor in the coexistence of
MS and migraine.

The RRMS patients without migraine had worse oxidant and antioxidant values than the healthy
controls. Additionally, the oxidant and antioxidant values of the RRMS patients with migraine were
significantly worse than those of the RRMS patients without migraine. Oxidative stress is caused by the
increased production of reactive oxygen species and failure to sufficiently eliminate these by antioxidants
(Yigit et al., 2018). Increased oxidative stress in MS was shown in animal experiments and pathological
samples of those with MS (Haider et al., 2011; Juybari et al., 2018; Waslo et al., 2019; Witte et al., 2009).
Studies have also shown that reactive oxygen species and oxidative stress contribute to the formation and
permanence of MS lesions (Schreibelt et al., 2007; Tasset et al., 2012). Despite considerable data on the
mechanisms of the pathogenesis of MS, it was assumed that oxidative stress is a turning point that plays a
key role at the center of all mechanisms that lead to neuronal injury and neurodegeneration in MS (Seven
et al., 2013). It was reported that acute inflammatory responses caused by oxidative stress may play an
important role in the pathogenesis of pain in migraine attacks (Eren et al., 2015; Geyik et al., 2016).
Moreover, a significant relationship was found between oxidative changes and migraine (Borkum, 2016;
Yigit et al., 2018). Additionally, it was argued that frequent and prolonged migraine attacks will increase
oxidative stress even further, possibly resulting in chronic migraine (Ferroni et al., 2018).

In this study, while the EDSS values of the RRMS patients without migraine were strongly correlated
with their hs-CRP, GSH-Px, and TOS values, they were correlated on a medium level with SOD and CAT
and a weak level with TAS. The EDSS values of the RRMS patients with migraine were only weakly

correlated with hs-CRP, SOD, and CAT. This situation could have been caused by the presence of
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migraine, which was independent of the EDDS scores. Therefore, this finding indicates that correlation
analysis between EDSS and blood parameters cannot be performed without excluding migraine in MS
patients. This finding also indicates that migraine comorbidity causes a higher burden of disease in MS.
Comorbid conditions such as hypertension and diabetes are common in MS and have been reported to be
associated with increased rates of hospitalization (Marrie et al., 2015), greater disability progression
(Marrie et al., 2010), and mortality risk (Marrie et al., 2015) in MS. Comorbid conditions in MS are also
associated with poor quality of life (Berrigan et al., 2016). However, migraine comorbidity in MS
reportedly leads to an increased number of attacks (Kowalec et al., 2017) and contrast-enhancing lesions
(Graziano et al., 2015). When this finding in our study is evaluated in context with the literature, it may
raise many questions including whether or not MS patients with migraine comorbidity should be treated

differently or more aggressively.

5. Conclusion

The results of our study indicate that migraine comorbidity in MS leads to lower vitamin D levels,
increased oxidative stress, and increased hs-CRP levels. Reverse causality cannot be excluded, as these
results may have caused the coexistence of MS and migraine, or these values may have led to MS and
migraine coexistence. It should be kept in mind that this study included few sets of biochemical analyses
that may lead to multiple sclerosis and migraine coexistence, but there may be many more mechanisms
that may cause this association. Raising awareness about the coexistence of MS and migraine will lead to
new studies. In addition, long-term prospective studies are needed to understand the pathophysiology
underlying the coexistence of MS and migraine. If the etiopathogenesis underlying coexistence of MS and
migraine can be better understood, new perspectives for the treatment of diseases can be achieved. Finally,
few pre-clinical and clinical studies showed the benefits of antioxidant treatments for MS (Waslo et al.,
2019). Considering this information and the results of our study, antioxidant treatment may be considered
to be more effective in MS patients with migraine, and it may be concluded that further studies on this

topic are necessary.
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