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Abstract: Multiple sclerosis (MS) is a chronic inflammatory and neurodegenerative disease of the
central nervous system characterized by broad inter- and intraindividual heterogeneity and different
prognoses. Multisystem comorbidities are frequent features in people with MS (PwMS) and can affect
treatment choices, quality of life, disability and mortality. In this scenario, autoimmune comorbidities
play a cardinal role for several reasons, such as the implication on MS pathogenesis, diagnostic delay,
disease activity, disability progression, brain atrophy, and treatment choice. However, the impact of
an autoimmune comorbid condition on MS is not fully elucidated. This review aims to summarize
the currently available data on the incidence and prevalence of autoimmune diseases in PwMS, the
possible effect of this association on clinical and neuroradiological MS course and its impact on
treatment choice.
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1. Introduction

Multiple sclerosis (MS) is a chronic, inflammatory and degenerative demyelinating
disease of the central nervous system (CNS), of unknown etiology, affecting individuals
in early adulthood [1]. The disease is characterized by broad inter- and intraindivid-
ual heterogeneity with various clinical presentations, different subtypes and prognoses
and consequently variable responses to treatments [1]. MS treatment guidelines have
changed significantly over the past decades due to the growing number of approved
disease-modifying therapies (DMTs), which can influence the disease course by preventing
relapses and disability progression in people with MS (PwMS) [2].

Although the etiology and pathogenesis of MS remain unclear, it is believed to be an
immune-mediated disease. The pathophysiology of MS seems to be characterized by an
aberrant immune activation [3]. This immune dysregulation leads to neuroinflammation in
which both immune cells from the periphery and resident cells of the CNS (e.g., microglia
and astrocytes) are involved [3].

MS may share similar underlying pathogenesis with certain comorbidities, particularly
autoimmune pathologies, which may arise from genetic susceptibility to autoimmunity
and overlapping pathogenetic mechanisms [4].

Comorbidity is defined as the co-existence of multiple diseases or medical conditions
in a patient, which may share similar overlapping pathophysiology and affect the course of
the disease itself [5].

Multisystem comorbidities are frequent features in PwMS, particularly neurological
disturbance, other comorbidity autoimmune conditions, psychiatric comorbidities, cardio-
vascular diseases, chronic lung diseases and metabolic disorders. Among neurological
disturbances, epilepsy, migraine and restless leg syndrome are more frequent in patients
with MS compared with the general population [6].

Psychiatric comorbidities (i.e., depression, anxiety, and bipolar disorder) have been
associated with poor quality of life (QoL), reduced adherence to DMTs and fatigue [7].
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Cardiovascular comorbidities such as abnormalities in blood pressure, heart rate, heart
rhythm, and left ventricular systolic function are common in PwMS, and a diagnosis of MS
increases the risk of myocardial infarction, stroke and heart failure [8,9].

Many comorbidities are present before or at MS symptom onset, but it seems that the
prevalence increases over time [10]. For example, some comorbidities such as depression
and anxiety may represent preclinical symptoms of MS resulting from immunological and
inflammatory changes in the CNS [7].

Over the last decades, the average age of the MS population has increased correlating
with increasing general life expectancy, advances in DMTs, the adoption and subsequent
widespread use of magnetic resonance imaging (MRI) and improved health and social care
for these patients. Further, MS has become a lifelong condition. The risk of multi-morbidity
increases with age and in patients with a chronic disease such as MS [11]. However, over
time, the accrual of comorbidities can be explained by several other factors such as physical
invalidity, a background of common risk factors and the use of DMTs [4].

Several studies have shown that the presence of comorbidities can delay diagnosis.
Furthermore, comorbidities can affect treatment choices, QoL, disability and mortality [12].

Marrie et al., using the North American Research Committee on Multiple Sclerosis
Registry, evaluated the association between comorbidities and both the diagnostic delay
and severity of the disability at MS diagnosis. They found that the presence of comorbidities
was associated with greater diagnostic delays and increased disability at diagnosis [13].
The presence of comorbid conditions increases the complexity of patient management and
bears important clinical and socioeconomic implications for PwMS [12].

This review aims to describe the current evidence regarding the range of comorbidities
in PwMS, focusing on autoimmune comorbidities, and widen the current knowledge about
the influence of these comorbidities on the clinical features and therapeutic choices in MS.

2. Neurological Comorbidities and MS

Several studies have suggested that comorbid neurological conditions such as epilepsy
and migraine are more frequent in PwMS [6].

2.1. Epilepsy

Epileptic seizures are more common in PwMS than in the general population. A
systematic review found that the incidence of seizure disorders (18 studies) ranged from
0.6% to 6% after MS onset, and the prevalence (24 studies) ranged from 0.9% to 8%, both
higher than reported in the general population. However, heterogeneity among these
studies was substantial [14].

Seizures may occur at any point during the course of MS and have also been described
as the presenting symptom of MS [15–17]. Seizures have been observed in patients with
relapsing-remitting MS (RRMS) as well as in progressive forms [15,18].

Several studies suggested that focal onset seizures are more common than generalized
seizures and secondary generalization of focal seizures is also frequent [19,20].

A systematic review demonstrated that patients with MS who had seizures are more
likely to have a younger age of onset compared to MS patients without seizures, and
there was also a trend demonstrating higher disability scores in patients with epilepsy [18].
A longitudinal study by Calabrese et al. showed an association between the severity of
cortical pathology, namely the number and volume of cortical lesions evaluated by double-
inversion recovery (DIR) imaging, and the occurrence of epilepsy in PwMS. Moreover, in
patients with RRMS and epilepsy, cognitive dysfunction was four-times higher than in the
RRMS group without epilepsy [21].

In a study by Martinez-Lapiscina et al., MS patients with seizures had a higher mean
number of cortico-juxtacortical lesions on T2-weighted/fluid attenuation inversion recovery
magnetic resonance imaging as compared to MS controls [22].
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The pathologic substrate of epilepsy in MS is not fully elucidated. Still, the involvement
of grey matter, along with brain inflammation, are presumably the reasons behind the
increased incidence of epilepsy [23].

2.2. Migraine

Migraine affects up to 50% of PwMS with a significantly higher prevalence than in the
general population [24].

PwMS are more than twice as likely to report migraine than controls, with a significant
association for migraine without aura [25]. Migraine can precede MS onset, be associated
with relapses, or manifest during the disease course [26,27]. However, the prevalence of
comorbid migraine seems to be higher in patients with RRMS compared to those with
progressive forms [28].

The mechanism explaining the association between MS and migraine remains to be
clarified, but several hypotheses have been postulated. The inflammatory demyelinating
MS lesions may induce migraine by disrupting the pathways involved in the pathogenesis
of migraine, deputed to pain stimuli processing. It was observed that lesions within the
midbrain, especially in the periaqueductal grey matter, were frequently associated with
comorbid migraine in PwMS [29,30].

Furthermore, a study on rodent models of autoimmune-induced cortical demyelina-
tion showed that cortical demyelination was associated with accelerated cortical spreading
depression (CSD), which has been implicated in migraine pathophysiology, both with and
without aura [31,32].

Only a few pieces of evidence support the hypothesis that CSD may lead to a subtle
increase in permeability of the blood–brain-barrier and neuroinflammation, thereby ex-
posing antigens in the CNS to circulating T cells [33]. Graziano et al. found an increased
frequency of contrast-enhancing lesions in MS patients with migraine, specifically within
the RRMS disease subtype, and postulated that having migraine comorbidity may increase
the level of blood–brain-barrier disruption in these patients [27].

Regarding the overall impact on MS severity, some studies have found no significant
correlation between the level of disability and the presence of migraine [28], while the
presence of comorbid migraine negatively affects some aspects of QoL in these patients [34].

3. Autoimmune Comorbidities and MS

The coexistence of autoimmune/inflammatory comorbidities has recently engendered
significant interest in the MS research field. First, MS and specific comorbidities may have
underlying pathogenesis. Second, the association between autoimmune comorbidities and
MS may reveal common genetic and environmental risk factors [4].

For example, smokers with multiple sclerosis had an increased risk of developing
comorbid autoimmune disease after MS onset [35].

Several articles describe the association between autoimmune/inflammatory condi-
tions and MS, but the results are still inconsistent. A population-based case-control study
on autoimmune comorbidities and MS showed that before MS diagnosis, uveitis occurred
3-fold more often, and inflammatory bowel disease (IBD) occurred 1.7-fold more often in
patients with MS [36]. A nationwide cohort study in Denmark found that PwMS were at
an increased risk of developing ulcerative colitis and pemphigoid [37]. Nevertheless, other
studies, including a recent multicentric population-based study, did not find any increased
risk of autoimmune diseases among MS patients [38].

A systematic review of the incidence and prevalence of autoimmune disease in PwMS
found that psoriasis and thyroid disease were the most prevalent autoimmune comorbidi-
ties. The findings also supported an increased risk of IBD, uveitis, and pemphigoid [39].
However, the authors stated that they could not draw conclusions because the study was
mainly heterogeneous with respect to the populations studied, methods of ascertaining
comorbidities, and reporting of findings [39].
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A systematic review and meta-analysis on the overall risk of other autoimmune
diseases in PwMS and their first-degree relatives showed that the OR of thyroid disease was
increased in both PwMS (OR 1.66) and their relatives (OR 2.38). A comparable association
was observed between MS and IBD (OR 1.56) and psoriasis (OR 1.31; p < 0.0001), though
not in relatives [40].

Table 1 lists relevant studies on MS and concomitant autoimmune conditions.

3.1. Type 1 Diabetes Mellitus

The co-occurrence of type 1 diabetes mellitus (DM) and MS is supported by several
studies. A population-based cohort study found that patients with type 1 DM were at
3-fold greater risk for developing MS. Furthermore, the risk for type 1 DM in first-degree
relatives of patients with MS was increased by about 40% [41]. The authors suggested
that similarities in immunological features between type 1 DM and MS and/or unknown
environmental factors might contribute significantly to the co-occurrence of these two
diseases [41]. Similarly, a Sardinian study observed a 5-fold and 2-fold higher prevalence of
type 1 DM in patients with MS and their first-degree relatives compared with the general
population. It concluded that common genes might contribute to susceptibility to both
diseases [42].

Furthermore, Bechtold et al. conducted a cohort study on a pediatric and adoles-
cent population affected by type 1 DM in Germany and Austria. They demonstrated a
considerably higher risk of MS co-occurrence in the diabetic population [43].

3.2. Autoimmune Thyroid Disease

Autoimmune thyroid disease seems to affect PwMS and their first-degree relatives
more than the general population, regardless of treatment with IFN-β and alemtuzumab,
but the results are variable. A controlled prospective study found that thyroid disorders
were at least three-times more common in women with MS than in female controls [44].
Another study on 353 patients not treated with IFN-β found a statistically significant higher
prevalence of autoimmune thyroiditis in male MS patients compared with male controls
but not in female patients [45]. In a study on a Spanish cohort of 93 untreated PwMS,
MS patients had a higher prevalence of antithyroid antibodies compared with the general
population [46].

3.3. Inflammatory Bowel Disease

Previous studies have established an association between MS and IBD, including
Crohn’s disease and ulcerative colitis (UC) [47,48]. A systematic review and meta-analysis
showed that IBD and PwMS seem to be associated with a 50% increased risk of MS or
IBD comorbidity, respectively, with no apparent differences between patients with Crohn’s
disease or ulcerative colitis [49].

3.4. Psoriasis

An association between MS and psoriasis has not been clarified, and several studies
have tried to determine whether an association exists. Marrie et al. found that the risk
of incident psoriasis was 54% higher in PwMS (HR 1.54; 95%CI: 1.07–2.24) [50]. One
case-control study investigating whether patients with a diagnosis of MS had higher
rates of concomitant psoriasis found a higher-than-expected frequency of psoriasis among
PwMS [51]. In contrast, other studies did not corroborate the association between psoriasis
and MS [52]. In a study on 658 consecutive patients, the prevalence of psoriasis in MS
patients compared to the general population did not differ significantly [48]. Similarly, a
large multicenter study on autoimmune disease risk in MS patients found that the frequency
of psoriasis in MS patients did not differ from spousal controls (5.8% of the MS population
and 5.4% of controls) [38]. The association between the two conditions may reflect shared
genetic, environmental factors and immune pathways, and the effectiveness of fumarates
in both conditions may yield etiologic insights into MS [53].
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Table 1. Relevant studies on the co-occurrence of MS and autoimmune diseases.

Author (Date)
[Reference] Concomitant AID Study Population Main Findings

Nielsen (2006)
[41] Type 1 DM 11,862 PwMS, 6078 type 1 DM cases RR for MS in type 1 DM patients: 3.26

(95% CI: 41.30–7.97)

Marrosu (2002)
[42] Type 1 DM 1090 PwMS, 2180 parents, 3300 siblings

Type 1 DM prevalence in MS is 3-fold
greater than in healthy siblings and 5-fold

the general population

Bechtold (2014)
[43] Type 1 DM 19 PwMS, 56,653 type 1 DM cases RR of MS in type 1 DM patients: 3.35 (95%

CI: 1.56–7.21) to 4.79 (2.01–11.39)

Edwards (2005)
[48] Type 1 DM 658 PwMS Type 1 DM prevalence of 0.9%; OR 18.14

(95% CI: 6.40–2.17)

Ramagopalan
(2007)
[38]

UC 5032 PwMS, 2707 controls No difference between PwMS and controls

Roshanisefat (2012)
[47] UC 20,276 PwMS, 203,951 controls Increased risk in PwMS: HR 1.49 (95% CI:

1.22–1.82)

Roshanisefat (2012)
[47] CD 20,276 PwMS, 203,951 controls Increased risk in PwMS: HR 1.45 (95% CI:

1.17–1.81)

Edwards (2005)
[48] IBD 658 PwMS IBD prevalence of 1.2%; OR 3.17 (95% CI:

6.40–2.17)

Farez (2014)
[52] CD 211 PwMS, 211 controls No difference between PwMS and controls

Ramagopalan
(2007)
[38]

Psoriasis 5032 PwMS, 2707 controls No difference between PwMS and controls

Roshanisefat (2012)
[47] Psoriasis 20,276 PwMS, 203,951 controls Increased risk in PwMS: HR 1.73 (95% CI:

1.42–2.10)

Edwards (2005)
[48] Psoriasis 658 PwMS No higher prevalence compared

to controls

Marrie (2017)
[50] Psoriasis 4911 PwMS, 23,274 controls Risk of psoriasis was 54% higher in PwMS

(HR 1.54; 95%CI: 1.07–2.24).

Fellner (2014)
[51] Psoriasis 214 PwMS, 192 controls Psoriasis prevalence of 4.21%; OR: 8.39

(95% CI: 1.05–66.81)

Farez (2014)
[52] Psoriasis 211 PwMS, 211 controls No difference between PwMS and controls

Niederwieser
(2003)
[45]

AITD 353 PwMS, 308 controls
Higher prevalence of AITD in male MS

patients (9.4%) than in male controls (1.9%;
p = 0.03)

Edwards (2005)
[48] AITD 658 PwMS AITD prevalence of 3.2%; OR 1.80 (95% CI:

3.02–1.07)

AID, autoimmune disease; AITD, autoimmune thyroid disease; CD, Crohn’s disease; CI, confidence interval;
DM, diabetes mellitus; HR, hazard ratio; IBD, inflammatory bowel disease; OR, odds ratio; PwMS, people with
multiple sclerosis; RR, relative risk; UC, ulcerative colitis.

3.5. Drug-Related Autoimmune Disorders

The possibility of comorbid autoimmune disorders developing secondary to DMTs has
also been a concern. Autoimmunity following alemtuzumab therapy is a well-recognized
adverse effect of alemtuzumab, with thyroid disease being the most common in more
than a third of patients. Other antibody-mediated autoimmune disorders are associated
with alemtuzumab, including idiopathic thrombocytopenic purpura and anti-glomerular
basement membrane disease [54]. IFN-β might be associated with an increased risk of
thyroid autoimmunity and dysfunction, particularly within the first year of treatment [55].

4. Effects of Autoimmune Comorbidities on the Clinical and Neuroradiological
Course of MS

Several studies investigated the effect of different autoimmune conditions on the
clinical course of MS. Patients with MS, and a concurrent autoimmune disorder seem to
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have lesser disabilities compared to those with isolated MS after an average of 5.91 years. It
has been suggested that the concurrent autoimmune disorder may increase body tolerance
against autoantigens [56]. A study performed by Fanouriakis et al. on 9 patients with both
systemic lupus erythematosus and MS showed that the coexistence of the two diseases
does not seem to be associated with a severe phenotype for either entity. In particular,
systemic lupus erythematosus remained quiescent in all patients while on standard im-
munomodulatory MS therapy [57]. A study on 66 patients with concomitant MS and IBD
showed that these patients have a milder course of the disease than patients with MS alone,
after a median of 12 years of disease duration [58].

Regarding the effects of comorbid autoimmune diseases on the radiological outcome,
Zivadinov et al. analyzed magnetic resonance (MR) imaging findings in MS patients with
autoimmune comorbidities. They found that comorbidities in patients with MS were asso-
ciated with more severe MR imaging outcomes of demyelination and neurodegeneration,
evidenced by several nonconventional MR imaging measures, including brain atrophy,
magnetization transfer imaging, and diffusivity. The findings were significant for psoriasis,
type 2 DM, and thyroid disease [59]. However, the study included 40 patients with type 2
DM, which is considered more a metabolic-acquired disease rather than an autoimmune
condition, and only 3 patients with type 1 DM.

Lorefice et al. performed a case-control MRI study on 286 PwMS, of which 30 subjects
had DM type 1, 53 patients had autoimmune thyroiditis, and 4 had celiac disease. Multiple
regression analysis found an association between type 1 DM and lower grey matter and
cortical grey matter volumes, independent from MS clinical features and related to type 1
DM duration [60].

The correlation between brain atrophy and autoimmune comorbidities may have
significance in the progression of disability, as several reports have shown that brain and
spinal atrophy may represent reliable biomarkers of neurodegeneration that correlate with
physical and cognitive impairment in PwMS [61,62].

5. Effect of Autoimmune Comorbidities on Treatment Choices

The treatment choice in PwMS and concomitant autoimmune comorbidities that share
common immunological interfaces is still challenging. Numerous therapeutic strategies are
either approved for different autoimmune disorders or may be repurposed for several dis-
eases, with the possibility of using a drug that can be effective in both conditions. Contrarily,
other medications may exacerbate pre-existing autoimmune disorders or trigger their onset.
For example, tumor necrosis factor-alpha (TNFα) blockers, established as effective agents in
the treatment of several autoimmune conditions such as rheumatoid arthritis, psoriasis and
IBD, can induce or worsen demyelinating diseases and are contraindicated in the treatment
of MS [63].

Similarly, interferons can unmask silent autoimmune processes or induce de novo
autoimmune diseases, and their use in MS with concomitant autoimmune diseases is not
recommended [64–66].

Alemtuzumab is not recommended in the case of MS and autoimmune comorbidi-
ties for its association with autoimmunity. The cause of autoimmunity is not entirely
understood and is likely related to the pattern of T- and B-cell repopulation after their
depletion [67].

Natalizumab, a monoclonal anti-α4 antibody, inhibits the trafficking of lymphocytes
from the blood into CNS. There have been several cases of patients with MS treated with
natalizumab who developed rheumatoid arthritis or experienced an onset or exacerbation of
psoriasis [68,69]. Natalizumab modifies the composition of lymphocyte subpopulations and
alters the migration of leukocytes across the blood–brain-barrier, shifting the inflammatory
response from the CNS towards other tissues [70]. Furthermore, natalizumab has been
demonstrated to be an effective drug for the induction and maintenance of remission
in patients with Crohn’s disease [71,72]. Therefore, natalizumab may be an alternative
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treatment option for patients with MS and Crohn’s disease but should be used cautiously
in patients with comorbid psoriasis or rheumatoid arthritis.

Anti-CD20 antibodies used for MS include rituximab, ocrelizumab and ofatumumab.
Ocrelizumab has been demonstrated to be an effective and safe treatment option for
rheumatoid arthritis [73]. In contrast, ocrelizumab and rituximab were associated with an
increased risk of developing psoriasis and IBD. Therefore, it should be avoided in patients
with MS plus psoriasis or IBD [74–76].

The sphingosine-1-phosphate receptor modulators (fingolimod, siponimod, ozanimod)
are potentially useful in IBD, rheumatoid arthritis and psoriasis, as demonstrated in animal
models and few reports [77–79]; however, further applications in clinical trials are still
needed to ascertain the effectiveness in these pathologies. Ozanimod has been proven safe
and effective in patients with moderate to severe ulcerative colitis and may represent an
option for patients with concomitant highly active MS and ulcerative colitis [80].

Among first-line therapies, dimethyl fumarate enhances the nuclear factor erythroid 2
related factor 2 (Nrf2) transcriptional pathway. It is approved for both relapsing-remitting
mild/moderate MS and moderate/severe psoriasis and represents the treatment of choice
in case of co-occurrence of these pathologies [81,82].

The DMTs approved for multiple sclerosis and other common autoimmune conditions
are synthesized in Table 2. A pragmatic treatment approach to MS and autoimmune
disorders should foresee first a check for contraindications, second, an evaluation of
the disease/severity of the concomitant conditions, to tailor therapies for the individual
patient [83].

Table 2. DMTs approved for MS and their use in other autoimmune disorders.

DMTs MS IBD PsO RA

INF + − − −
DMF + − * −
TER + − − *

S1PR
Ozanimod + *

+ (UC) − −

CLAD + − − −
NAT + + − −
ALE + − − −

Anti-CD20 + − − +
+, FDA approved; * used off-label; −, not used; ALE, alemtuzumab; Anti-CD20: CD20 antibodies; AZA, azathio-
prine; CLAD: cladribine; DMF, dimethyl fumarate; FDA, US Food and Drug Administration; IBD, inflammatory
bowel disease; IFN, interferon; MS, multiple sclerosis; MTX, methotrexate; NAT, natalizumab; PsO, psoriasis; RA,
rheumatoid arthritis; S1PR, sphingosin-1-phosphate receptor modulator; SLE, systemic lupus erythematosus; TER
teriflunomide; UC: ulcerative colitis.

6. MS and Autoimmune Comorbidities: Unmet Needs

The association between MS and different comorbidities is of rising interest as a factor
that could explain the heterogeneity of outcomes.

Over the past decades, insufficient attention has been paid to comorbid conditions
in MS, as it was considered mainly a disease of young adults with a limited comorbidity
burden. Recent studies demonstrated the importance of investigating comorbidities in
PwMS, as several comorbid conditions influence the course of the disease, disability pro-
gression, worsened QoL, treatment choices and mortality [84–86]. Another important point
is the diagnostic delay in patients with comorbidities [13]. An explanation could be that the
clinician could erroneously attribute MS symptoms to a preexisting condition, increasing
the time from symptom onset to diagnosis and subsequently disability at diagnosis [13].
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However, studies investigating comorbidities in PwMS have been performed mainly
in small cohorts, and a global view of comorbidity in MS is lacking. A clear understanding
of the risk of developing these pathologies and their prevalence in PwMS is necessary [6].

Furthermore, patients with comorbidities are usually excluded in clinical trials of
disease-modifying therapies in MS. Thus, trial results may not be representative of a
real-world scenario and cannot be applied to a standard clinic population with general
comorbidities [87]. However, comorbidities may influence disease activity, disability
progression and treatment choices [12].

Marrie et al. reviewed the published results of nine placebo-controlled trials of DMTs
for MS. Of the nine trials evaluated, five excluded individuals with different comorbidities,
and the explanation of the exclusions for comorbidities was unclear in four trials. None of
the trials reported the comorbidity status of patients at enrollment [87].

To address this knowledge gap, the International Workshop on Comorbidity in Mul-
tiple Sclerosis produced several recommendations for future clinical trials, indicating
relaxing restrictions on the inclusion of patients with comorbidity. The comorbidities prior-
itized were depression, anxiety, autoimmune disease, diabetes, cancer, hypertension, and
migraine [87].

In this scenario, autoimmune comorbidities play a cardinal role for several reasons.
First, the coexistence of autoimmune disorders may reflect common underlying pathobiol-
ogy. Second, as the treatment landscape continues to expand with the development of new
DMTs, concomitant pathologies may present a unique therapeutic target.

For example, MS and type 1 DM share T-cell-mediated autoimmunity [88]. Type 1 DM
is caused by T lymphocytes’ destruction of the insulin-producing β-cells in pancreatic islets
once activated by particular insulin epitopes on antigen-presenting cells. In vitro, T-cells
from type 1 DM patients reacted to pancreatic islet and CNS antigens [89]. Children with
concomitant CNS demyelination and type 1 DM exhibited heightened T-cell reactivities to
self-antigens, and these responses were not strictly limited to the disease target organs [90].

The presence of shared pathways and the involvement of similar cell types in the
pathogenesis of autoimmune conditions may underlie the risk of both MS and other
autoimmune diseases [91]. Furthermore, genetic loci shared between multiple autoimmune
diseases are involved in a wide range of immune pathways (i.e., T-cell activation, B-cell
activation, cytokine signaling), helping to explain common pathogenic features [92]. Apart
from loci within the major histocompatibility complex (MHC) associated with the greater
risk, multiple non-MHC genes mainly involved in the regulation of immune response may
also explain the susceptibility of multiple autoimmune conditions [92].

However, the impact of an autoimmune comorbid condition on MS remains yet to
be fully elucidated. The coexistence of another autoimmune disease may reduce the
possibility of disability progression due to unknown changes in immunological pathways,
increasing the tolerance against autoantigens. Alternatively, regulatory T-cells can prevent
the inflammatory activity of Th1 and Th17 cells following the secretion of anti-inflammatory
cytokines. The activation of more regulatory T-cells and the production of more anti-
inflammatory cytokines could be another hypothesis for a milder course in patients with
two concomitant autoimmune diseases. Further studies with larger sample sizes are
required to confirm the finding of brain atrophy associated with autoimmune comorbidities.

7. Conclusions

In this comprehensive review, we summarized currently available data on the inci-
dence and prevalence of autoimmune diseases comorbidity in PwMS, the possible effect of
this association on clinical and neuroradiological MS course and its impact on treatment
choice. We also highlighted the unmet needs in this field. The currently available data
make it difficult to draw firm conclusions concerning the extent of coexistence of other
autoimmune diseases in PwMS and all other topics discussed herein. Further studies
in this area are warranted considering the implication on MS pathogenesis, the possible



J. Pers. Med. 2022, 12, 1828 9 of 12

role of autoimmune co-morbidity on MS diagnosis delay, disease activity and disability
progression, brain atrophy, and treatment choice.

Author Contributions: Writing—original draft preparation, V.N. and M.R.; writing—review and
editing, V.N. and M.R.; visualization, V.N.; supervision, V.N.; project administration, V.N. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest related to this manuscript.

References
1. Dobson, R.; Giovannoni, G. Multiple sclerosis—A review. Eur. J. Neurol. 2019, 26, 27–40. [CrossRef]
2. Kalincik, T.; Diouf, I.; Sharmin, S.; Malpas, C.; Spelman, T.; Horakova, D.; Havrdova, E.K.; Trojano, M.; Izquierdo, G.;

Lugaresi, A.; et al. Effect of Disease-Modifying Therapy on Disability in Relapsing-Remitting Multiple Sclerosis over 15 Years.
Neurology 2021, 96, e783–e797. [CrossRef] [PubMed]

3. Naegele, M.; Martin, R. The good and the bad of neuroinflammation in multiple sclerosis. Handb. Clin. Neurol. 2014, 122, 59–87.
[CrossRef] [PubMed]

4. Magyari, M.; Sorensen, P.S. Comorbidity in Multiple Sclerosis. Front. Neurol. 2020, 11, 851. [CrossRef]
5. Valderas, J.M.; Starfield, B.; Sibbald, B.; Salisbury, C.; Roland, M. Defining comorbidity: Implications for understanding health

and health services. Ann. Fam. Med. 2009, 7, 357–363. [CrossRef] [PubMed]
6. Hauer, L.; Perneczky, J.; Sellner, J. A global view of comorbidity in multiple sclerosis: A systematic review with a focus on regional

differences, methodology, and clinical implications. J. Neurol. 2021, 268, 4066–4077. [CrossRef]
7. Marrie, R.A.; Reingold, S.; Cohen, J.; Stuve, O.; Trojano, M.; Sorensen, P.S.; Cutter, G.; Reider, N. The incidence and prevalence of

psychiatric disorders in multiple sclerosis: A systematic review. Mult. Scler. J. 2015, 21, 305–317. [CrossRef] [PubMed]
8. Jadidi, E.; Mohammadi, M.; Moradi, T. High risk of cardiovascular diseases after diagnosis of multiple sclerosis. Mult. Scler. 2013,

19, 1336–1340. [CrossRef]
9. Kaplan, T.B.; Berkowitz, A.L.; Samuels, M.A. Cardiovascular Dysfunction in Multiple Sclerosis. Neurologist 2015, 20, 108–114.

[CrossRef]
10. Lo, L.M.P.; Taylor, B.V.; Winzenberg, T.; Palmer, A.J.; Blizzard, L.; van der Mei, I. Change and onset-type differences in the

prevalence of comorbidities in people with multiple sclerosis. J. Neurol. 2021, 268, 602–612. [CrossRef] [PubMed]
11. Koch-Henriksen, N.; Laursen, B.; Stenager, E.; Magyari, M. Excess mortality among patients with multiple sclerosis in Denmark

has dropped significantly over the past six decades: A population based study. J. Neurol. Neurosurg. Psychiatry 2017, 88, 626–631.
[CrossRef] [PubMed]

12. Marrie, R.A. Comorbidity in multiple sclerosis: Implications for patient care. Nat. Rev. Neurol. 2017, 13, 375–382. [CrossRef]
[PubMed]

13. Marrie, R.A.; Horwitz, R.; Cutter, G.; Tyry, T.; Campagnolo, D.; Vollmer, T. Comorbidity delays diagnosis and increases disability
at diagnosis in MS. Neurology 2009, 72, 117–124. [CrossRef] [PubMed]

14. Marrie, R.A.; Reider, N.; Cohen, J.; Trojano, M.; Sorensen, P.S.; Cutter, G.; Reingold, S.; Stuve, O. A systematic review of the
incidence and prevalence of sleep disorders and seizure disorders in multiple sclerosis. Mult. Scler. 2015, 21, 342–349. [CrossRef]
[PubMed]

15. Koch, M.; Uyttenboogaart, M.; Polman, S.; De Keyser, J. Seizures in multiple sclerosis. Epilepsia 2008, 49, 948–953. [CrossRef]
16. Gambardella, A.; Valentino, P.; Labate, A.; Sibilia, G.; Ruscica, F.; Colosimo, E.; Nisticò, R.; Messina, D.; Zappia, M.; Quattrone, A.

Temporal lobe epilepsy as a unique manifestation of multiple sclerosis. Can. J. Neurol. Sci. 2003, 30, 228–232. [CrossRef]
17. Sokic, D.V.; Stojsavljevic, N.; Drulovic, J.; Dujmovic, I.; Mesaros, S.; Ercegovac, M.; Peric, V.; Dragutinovic, G.; Levic, Z. Seizures in

multiple sclerosis. Epilepsia 2001, 42, 72–79. [CrossRef]
18. Gasparini, S.; Ferlazzo, E.; Ascoli, M.; Sueri, C.; Cianci, V.; Russo, C.; Pisani, L.R.; Striano, P.; Elia, M.; Beghi, E.; et al. Risk factors

for unprovoked epileptic seizures in multiple sclerosis: A systematic review and meta-analysis. Neurol. Sci. 2017, 38, 399–406.
[CrossRef]

19. Kinnunen, E.; Wikström, J. Prevalence and prognosis of epilepsy in patients with multiple sclerosis. Epilepsia 1986, 27, 729–733.
[CrossRef]

20. Nicoletti, A.; Sofia, V.; Biondi, R.; Lo Fermo, S.; Reggio, E.; Patti, F.; Reggio, A. Epilepsy and multiple sclerosis in Sicily:
A population-based study. Epilepsia 2003, 44, 1445–1448. [CrossRef]

http://doi.org/10.1111/ene.13819
http://doi.org/10.1212/WNL.0000000000011242
http://www.ncbi.nlm.nih.gov/pubmed/33372028
http://doi.org/10.1016/b978-0-444-52001-2.00003-0
http://www.ncbi.nlm.nih.gov/pubmed/24507513
http://doi.org/10.3389/fneur.2020.00851
http://doi.org/10.1370/afm.983
http://www.ncbi.nlm.nih.gov/pubmed/19597174
http://doi.org/10.1007/s00415-020-10107-y
http://doi.org/10.1177/1352458514564487
http://www.ncbi.nlm.nih.gov/pubmed/25583845
http://doi.org/10.1177/1352458513475833
http://doi.org/10.1097/NRL.0000000000000064
http://doi.org/10.1007/s00415-020-10194-x
http://www.ncbi.nlm.nih.gov/pubmed/32880720
http://doi.org/10.1136/jnnp-2017-315907
http://www.ncbi.nlm.nih.gov/pubmed/28705951
http://doi.org/10.1038/nrneurol.2017.33
http://www.ncbi.nlm.nih.gov/pubmed/28303911
http://doi.org/10.1212/01.wnl.0000333252.78173.5f
http://www.ncbi.nlm.nih.gov/pubmed/18971448
http://doi.org/10.1177/1352458514564486
http://www.ncbi.nlm.nih.gov/pubmed/25533301
http://doi.org/10.1111/j.1528-1167.2008.01565.x
http://doi.org/10.1017/S031716710000264X
http://doi.org/10.1046/j.1528-1157.2001.48699.x
http://doi.org/10.1007/s10072-016-2803-7
http://doi.org/10.1111/j.1528-1157.1986.tb03602.x
http://doi.org/10.1046/j.1528-1157.2003.09203.x


J. Pers. Med. 2022, 12, 1828 10 of 12

21. Calabrese, M.; Grossi, P.; Favaretto, A.; Romualdi, C.; Atzori, M.; Rinaldi, F.; Perini, P.; Saladini, M.; Gallo, P. Cortical pathology in
multiple sclerosis patients with epilepsy: A 3 year longitudinal study. J. Neurol. Neurosurg. Psychiatry 2012, 83, 49–54. [CrossRef]
[PubMed]

22. Martínez-Lapiscina, E.H.; Ayuso, T.; Lacruz, F.; Gurtubay, I.G.; Soriano, G.; Otano, M.; Bujanda, M.; Bacaicoa, M.C. Cortico-
juxtacortical involvement increases risk of epileptic seizures in multiple sclerosis. Acta Neurol. Scand. 2013, 128, 24–31. [CrossRef]

23. Pack, A. Is There a Relationship Between Multiple Sclerosis and Epilepsy? If So What Does It Tell Us About Epileptogenesis?
Epilepsy. Curr. 2018, 18, 95–96. [CrossRef] [PubMed]

24. Wang, L.; Zhang, J.; Deng, Z.R.; Zu, M.D.; Wang, Y. The epidemiology of primary headaches in patients with multiple sclerosis.
Brain Behav. 2021, 11, e01830. [CrossRef] [PubMed]

25. Applebee, A. The clinical overlap of multiple sclerosis and headache. Headache 2012, 52 (Suppl. S2), 111–116. [CrossRef]
26. Mrabet, S.; Wafa, M.; Giovannoni, G. Multiple sclerosis and migraine: Links, management and implications. Mult. Scler. Relat.

Disord. 2022, 68, 104152. [CrossRef]
27. Graziano, E.; Hagemeier, J.; Weinstock-Guttman, B.; Ramasamy, D.P.; Zivadinov, R. Increased contrast enhancing lesion activity

in relapsing–remitting multiple sclerosis migraine patients. NeuroImage Clin. 2015, 9, 110–116. [CrossRef]
28. D’Amico, D.; La Mantia, L.; Rigamonti, A.; Usai, S.; Mascoli, N.; Milanese, C.; Bussone, G. Prevalence of primary headaches in

people with multiple sclerosis. Cephalalgia 2004, 24, 980–984. [CrossRef]
29. Gee, J.R.; Chang, J.; Dublin, A.B.; Vijayan, N. The association of brainstem lesions with migraine-like headache: An imaging

study of multiple sclerosis. Headache 2005, 45, 670–677. [CrossRef]
30. Tortorella, P.; Rocca, M.A.; Colombo, B.; Annovazzi, P.; Comi, G.; Filippi, M. Assessment of MRI abnormalities of the brainstem

from patients with migraine and multiple sclerosis. J. Neurol. Sci. 2006, 244, 137–141. [CrossRef]
31. Eikermann-Haerter, K.; Ayata, C. Cortical Spreading Depression and Migraine. Curr. Neurol. Neurosci. Rep. 2010, 10, 167–173.

[CrossRef] [PubMed]
32. Merkler, D.; Klinker, F.; Jürgens, T.; Glaser, R.; Paulus, W.; Brinkmann, B.G.; Sereda, M.W.; Stadelmann-Nessler, C.; Guedes, R.C.;

Brück, W.; et al. Propagation of spreading depression inversely correlates with cortical myelin content. Ann. Neurol. 2009, 66,
355–365. [CrossRef] [PubMed]

33. Gursoy-Ozdemir, Y.; Qiu, J.; Matsuoka, N.; Bolay, H.; Bermpohl, D.; Jin, H.; Wang, X.; Rosenberg, G.A.; Lo, E.H.; Moskowitz, M.A.
Cortical spreading depression activates and upregulates MMP-9. J. Clin. Investig. 2004, 113, 1447–1455. [CrossRef] [PubMed]

34. Villani, V.; Prosperini, L.; Pozzilli, C.; Salvetti, M.; Sette, G. Quality of life of multiple sclerosis patients with comorbid migraine.
Neurol. Sci. 2011, 32, 149. [CrossRef] [PubMed]

35. Marrie, R.A.; Horwitz, R.I.; Cutter, G.; Tyry, T.; Vollmer, T. Smokers with multiple sclerosis are more likely to report comorbid
autoimmune diseases. Neuroepidemiology 2011, 36, 85–90. [CrossRef] [PubMed]

36. Langer-Gould, A.; Albers, K.B.; Van Den Eeden, S.K.; Nelson, L.M. Autoimmune diseases prior to the diagnosis of multiple
sclerosis: A population-based case-control study. Mult. Scler. 2010, 16, 855–861. [CrossRef]

37. Nielsen, N.M.; Frisch, M.; Rostgaard, K.; Wohlfahrt, J.; Hjalgrim, H.; Koch-Henriksen, N.; Melbye, M.; Westergaard, T. Autoim-
mune diseases in patients with multiple sclerosis and their first-degree relatives: A nationwide cohort study in Denmark. Mult.
Scler. 2008, 14, 823–829. [CrossRef]

38. Ramagopalan, S.V.; Dyment, D.A.; Valdar, W.; Herrera, B.M.; Criscuoli, M.; Yee, I.M.; Sadovnick, A.D.; Ebers, G.C. Autoimmune
disease in families with multiple sclerosis: A population-based study. Lancet Neurol. 2007, 6, 604–610. [CrossRef]

39. Marrie, R.A.; Reider, N.; Cohen, J.; Stuve, O.; Sorensen, P.S.; Cutter, G.; Reingold, S.C.; Trojano, M. A systematic review of the
incidence and prevalence of autoimmune disease in multiple sclerosis. Mult. Scler. 2015, 21, 282–293. [CrossRef]

40. Dobson, R.; Giovannoni, G. Autoimmune disease in people with multiple sclerosis and their relatives: A systematic review and
meta-analysis. J. Neurol. 2013, 260, 1272–1285. [CrossRef]

41. Nielsen, N.M.; Westergaard, T.; Frisch, M.; Rostgaard, K.; Wohlfahrt, J.; Koch-Henriksen, N.; Melbye, M.; Hjalgrim, H. Type 1
diabetes and multiple sclerosis: A Danish population-based cohort study. Arch. Neurol. 2006, 63, 1001–1004. [CrossRef] [PubMed]

42. Marrosu, M.G.; Cocco, E.; Lai, M.; Spinicci, G.; Pischedda, M.P.; Contu, P. Patients with multiple sclerosis and risk of type 1
diabetes mellitus in Sardinia, Italy: A cohort study. Lancet 2002, 359, 1461–1465. [CrossRef]

43. Bechtold, S.; Blaschek, A.; Raile, K.; Dost, A.; Freiberg, C.; Askenas, M.; Fröhlich-Reiterer, E.; Molz, E.; Holl, R.W. Higher relative
risk for multiple sclerosis in a pediatric and adolescent diabetic population: Analysis from DPV database. Diabetes Care 2014, 37,
96–101. [CrossRef] [PubMed]

44. Karni, A.; Abramsky, O. Association of MS with thyroid disorders. Neurology 1999, 53, 883–885. [CrossRef] [PubMed]
45. Niederwieser, G.; Buchinger, W.; Bonelli, R.M.; Berghold, A.; Reisecker, F.; Költringer, P.; Archelos, J.J. Prevalence of autoimmune

thyroiditis and non-immune thyroid disease in multiple sclerosis. J. Neurol. 2003, 250, 672–675. [CrossRef] [PubMed]
46. Munteis, E.; Cano, J.F.; Flores, J.A.; Martinez-Rodriguez, J.E.; Miret, M.; Roquer, J. Prevalence of autoimmune thyroid disorders in

a Spanish multiple sclerosis cohort. Eur. J. Neurol. 2007, 14, 1048–1052. [CrossRef]
47. Roshanisefat, H.; Bahmanyar, S.; Hillert, J.; Olsson, T.; Montgomery, S. Shared genetic factors may not explain the raised risk of

comorbid inflammatory diseases in multiple sclerosis. Mult. Scler. 2012, 18, 1430–1436. [CrossRef]
48. Edwards, L.J.; Constantinescu, C.S. A prospective study of conditions associated with multiple sclerosis in a cohort of 658 consecutive

outpatients attending a multiple sclerosis clinic. Mult. Scler. J. 2004, 10, 575–581. [CrossRef]

http://doi.org/10.1136/jnnp-2011-300414
http://www.ncbi.nlm.nih.gov/pubmed/21890577
http://doi.org/10.1111/ane.12064
http://doi.org/10.5698/1535-7597.18.2.95
http://www.ncbi.nlm.nih.gov/pubmed/29645004
http://doi.org/10.1002/brb3.1830
http://www.ncbi.nlm.nih.gov/pubmed/33295123
http://doi.org/10.1111/j.1526-4610.2012.02243.x
http://doi.org/10.1016/j.msard.2022.104152
http://doi.org/10.1016/j.nicl.2015.07.013
http://doi.org/10.1111/j.1468-2982.2004.00790.x
http://doi.org/10.1111/j.1526-4610.2005.05136.x
http://doi.org/10.1016/j.jns.2006.01.015
http://doi.org/10.1007/s11910-010-0099-1
http://www.ncbi.nlm.nih.gov/pubmed/20425031
http://doi.org/10.1002/ana.21746
http://www.ncbi.nlm.nih.gov/pubmed/19798729
http://doi.org/10.1172/JCI200421227
http://www.ncbi.nlm.nih.gov/pubmed/15146242
http://doi.org/10.1007/s10072-011-0519-2
http://www.ncbi.nlm.nih.gov/pubmed/21533733
http://doi.org/10.1159/000323948
http://www.ncbi.nlm.nih.gov/pubmed/21282965
http://doi.org/10.1177/1352458510369146
http://doi.org/10.1177/1352458508088936
http://doi.org/10.1016/S1474-4422(07)70132-1
http://doi.org/10.1177/1352458514564490
http://doi.org/10.1007/s00415-012-6790-1
http://doi.org/10.1001/archneur.63.7.1001
http://www.ncbi.nlm.nih.gov/pubmed/16831970
http://doi.org/10.1016/S0140-6736(02)08431-3
http://doi.org/10.2337/dc13-1414
http://www.ncbi.nlm.nih.gov/pubmed/23990514
http://doi.org/10.1212/WNL.53.4.883
http://www.ncbi.nlm.nih.gov/pubmed/10489063
http://doi.org/10.1007/s00415-003-1053-9
http://www.ncbi.nlm.nih.gov/pubmed/12796827
http://doi.org/10.1111/j.1468-1331.2007.01882.x
http://doi.org/10.1177/1352458512438240
http://doi.org/10.1191/1352458504ms1087oa


J. Pers. Med. 2022, 12, 1828 11 of 12

49. Kosmidou, M.; Katsanos, A.H.; Katsanos, K.H.; Kyritsis, A.P.; Tsivgoulis, G.; Christodoulou, D.; Giannopoulos, S. Multiple
sclerosis and inflammatory bowel diseases: A systematic review and meta-analysis. J. Neurol. 2017, 264, 254–259. [CrossRef]

50. Marrie, R.A.; Patten, S.B.; Tremlett, H.; Wolfson, C.; Leung, S.; Fisk, J.D. Increased incidence and prevalence of psoriasis in
multiple sclerosis. Mult. Scler. Relat. Disord. 2017, 13, 81–86. [CrossRef]

51. Fellner, A.; Dano, M.; Regev, K.; Mosek, A.; Karni, A. Multiple sclerosis is associated with psoriasis. A case-control study.
J. Neurol. Sci. 2014, 338, 226–228. [CrossRef] [PubMed]

52. Farez, M.F.; Balbuena Aguirre, M.E.; Varela, F.; Köhler, A.A.; Correale, J. Autoimmune Disease Prevalence in a Multiple Sclerosis
Cohort in Argentina. Mult. Scler. Int. 2014, 2014, 828162. [CrossRef] [PubMed]

53. Silfvast-Kaiser, A.S.; Homan, K.B.; Mansouri, B. A narrative review of psoriasis and multiple sclerosis: Links and risks. Psoriasis
2019, 9, 81–90. [CrossRef]

54. Costelloe, L.; Jones, J.; Coles, A. Secondary autoimmune diseases following alemtuzumab therapy for multiple sclerosis. Expert
Rev. Neurother. 2012, 12, 335–341. [CrossRef]

55. Caraccio, N.; Dardano, A.; Manfredonia, F.; Manca, L.; Pasquali, L.; Iudice, A.; Murri, L.; Ferrannini, E.; Monzani, F. Long-term
follow-up of 106 multiple sclerosis patients undergoing interferon-beta 1a or 1b therapy: Predictive factors of thyroid disease
development and duration. J. Clin. Endocrinol. Metab. 2005, 90, 4133–4137. [CrossRef] [PubMed]

56. Sahraian, M.A.; Owji, M.; Naser Moghadasi, A. Concomitant multiple sclerosis and another autoimmune disease: Does the
clinical course change? Clin. Neurol. Neurosurg. 2016, 150, 92–95. [CrossRef]

57. Fanouriakis, A.; Mastorodemos, V.; Pamfil, C.; Papadaki, E.; Sidiropoulos, P.; Plaitakis, A.; Amoiridis, G.; Bertsias, G.;
Boumpas, D.T. Coexistence of systemic lupus erythematosus and multiple sclerosis: Prevalence, clinical characteristics, and
natural history. Semin. Arthritis Rheum. 2014, 43, 751–758. [CrossRef]

58. Zéphir, H.; Gower-Rousseau, C.; Salleron, J.; Simon, O.; Debouverie, M.; Le Page, E.; Bouhnik, Y.; Lebrun-Frenay, C.; Papeix, C.;
Vigneron, B.; et al. Milder multiple sclerosis course in patients with concomitant inflammatory bowel disease. Mult. Scler. 2014,
20, 1135–1139. [CrossRef]

59. Zivadinov, R.; Raj, B.; Ramanathan, M.; Teter, B.; Durfee, J.; Dwyer, M.G.; Bergsland, N.; Kolb, C.; Hojnacki, D.; Benedict, R.H.; et al.
Autoimmune Comorbidities Are Associated with Brain Injury in Multiple Sclerosis. AJNR Am. J. Neuroradiol. 2016, 37, 1010–1016.
[CrossRef]

60. Lorefice, L.; Fenu, G.; Pitzalis, R.; Scalas, G.; Frau, J.; Coghe, G.; Musu, L.; Sechi, V.; Barracciu, M.A.; Marrosu, M.G.; et al.
Autoimmune comorbidities in multiple sclerosis: What is the influence on brain volumes? A case-control MRI study. J. Neurol.
2018, 265, 1096–1101. [CrossRef]

61. Barnett, M.; Bergsland, N.; Weinstock-Guttman, B.; Butzkueven, H.; Kalincik, T.; Desmond, P.; Gaillard, F.; van Pesch, V.;
Ozakbas, S.; Rojas, J.I.; et al. Brain atrophy and lesion burden are associated with disability progression in a multiple sclerosis
real-world dataset using only T2-FLAIR: The NeuroSTREAM MSBase study. Neuroimage Clin. 2021, 32, 102802. [CrossRef]
[PubMed]

62. Losseff, N.A.; Webb, S.L.; O’Riordan, J.I.; Page, R.; Wang, L.; Barker, G.J.; Tofts, P.S.; McDonald, W.I.; Miller, D.H.; Thompson, A.J.
Spinal cord atrophy and disability in multiple sclerosis. A new reproducible and sensitive MRI method with potential to monitor
disease progression. Brain 1996, 119, 701–708. [CrossRef] [PubMed]

63. Kunchok, A.; Aksamit, A.J., Jr.; Davis, J.M., 3rd; Kantarci, O.H.; Keegan, B.M.; Pittock, S.J.; Weinshenker, B.G.; McKeon, A.
Association Between Tumor Necrosis Factor Inhibitor Exposure and Inflammatory Central Nervous System Events. JAMA Neurol.
2020, 77, 937–946. [CrossRef] [PubMed]

64. La Mantia, L.; Capsoni, F. Psoriasis during interferon beta treatment for multiple sclerosis. Neurol. Sci. 2010, 31, 337–339.
[CrossRef] [PubMed]

65. Hojjati, S.M.; Heidari, B.; Babaei, M. Development of rheumatoid arthritis during treatment of multiple sclerosis with interferon
beta 1-a. Coincidence of two conditions or a complication of treatment: A case report. J. Adv. Res. 2016, 7, 611–613. [CrossRef]
[PubMed]

66. Schott, E.; Paul, F.; Wuerfel, J.T.; Zipp, F.; Rudolph, B.; Wiedenmann, B.; Baumgart, D.C. Development of ulcerative colitis in a
patient with multiple sclerosis following treatment with interferon beta 1a. World J. Gastroenterol. 2007, 13, 3638–3640. [CrossRef]
[PubMed]

67. Killestein, J.; van Oosten, B. Emerging safety issues in alemtuzumab-treated MS patients. Mult. Scler. 2019, 25, 1206–1208.
[CrossRef]

68. Lambrianides, S.; Kinnis, E.; Leonidou, E.; Pantzaris, M. Does Natalizumab Induce or Aggravate Psoriasis? A Case Study and
Review of the Literature. Case Rep. Neurol. 2018, 10, 286–291. [CrossRef]

69. Su, E.; Novic, J.; Han, M.H. Emergence of rheumatoid arthritis following exposure to natalizumab. Mult. Scler. Relat. Disord. 2020,
40, 101936. [CrossRef]

70. Khoy, K.; Mariotte, D.; Defer, G.; Petit, G.; Toutirais, O.; Le Mauff, B. Natalizumab in Multiple Sclerosis Treatment: From Biological
Effects to Immune Monitoring. Front. Immunol. 2020, 11, 549842. [CrossRef]

71. MacDonald, J.K.; McDonald, J.W. Natalizumab for induction of remission in Crohn’s disease. Cochrane Database Syst. Rev.
2007, CD006097. [CrossRef] [PubMed]

http://doi.org/10.1007/s00415-016-8340-8
http://doi.org/10.1016/j.msard.2017.02.012
http://doi.org/10.1016/j.jns.2014.01.003
http://www.ncbi.nlm.nih.gov/pubmed/24439200
http://doi.org/10.1155/2014/828162
http://www.ncbi.nlm.nih.gov/pubmed/25170425
http://doi.org/10.2147/PTT.S186637
http://doi.org/10.1586/ern.12.5
http://doi.org/10.1210/jc.2004-2326
http://www.ncbi.nlm.nih.gov/pubmed/15811929
http://doi.org/10.1016/j.clineuro.2016.09.003
http://doi.org/10.1016/j.semarthrit.2013.11.007
http://doi.org/10.1177/1352458513515081
http://doi.org/10.3174/ajnr.A4681
http://doi.org/10.1007/s00415-018-8811-1
http://doi.org/10.1016/j.nicl.2021.102802
http://www.ncbi.nlm.nih.gov/pubmed/34469848
http://doi.org/10.1093/brain/119.3.701
http://www.ncbi.nlm.nih.gov/pubmed/8673483
http://doi.org/10.1001/jamaneurol.2020.1162
http://www.ncbi.nlm.nih.gov/pubmed/32421186
http://doi.org/10.1007/s10072-009-0184-x
http://www.ncbi.nlm.nih.gov/pubmed/19924503
http://doi.org/10.1016/j.jare.2016.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27489727
http://doi.org/10.3748/wjg.v13.i26.3638
http://www.ncbi.nlm.nih.gov/pubmed/17659718
http://doi.org/10.1177/1352458519851219
http://doi.org/10.1159/000492891
http://doi.org/10.1016/j.msard.2020.101936
http://doi.org/10.3389/fimmu.2020.549842
http://doi.org/10.1002/14651858.CD006097.pub2
http://www.ncbi.nlm.nih.gov/pubmed/17253580


J. Pers. Med. 2022, 12, 1828 12 of 12

72. Targan, S.R.; Feagan, B.G.; Fedorak, R.N.; Lashner, B.A.; Panaccione, R.; Present, D.H.; Spehlmann, M.E.; Rutgeerts, P.J.;
Tulassay, Z.; Volfova, M.; et al. Natalizumab for the treatment of active Crohn’s disease: Results of the ENCORE Trial.
Gastroenterology 2007, 132, 1672–1683. [CrossRef] [PubMed]

73. Abushouk, A.I.; Ahmed, H.; Ismail, A.; Elmaraezy, A.; Badr, A.S.; Gadelkarim, M.; Elnenny, M. Safety and efficacy of ocrelizumab
in rheumatoid arthritis patients with an inadequate response to methotrexate or tumor necrosis factor inhibitors: A systematic
review and meta-analysis. Rheumatol. Int. 2017, 37, 1053–1064. [CrossRef] [PubMed]

74. Kristjánsson, V.B.; Lund, S.H.; Gröndal, G.; Sveinsdóttir, S.V.; Agnarsson, H.R.; Jónasson, J.G.; Björnsson, E.S. Increased risk of
inflammatory bowel disease among patients treated with rituximab in Iceland from 2001 to 2018. Scand. J. Gastroenterol. 2021, 56,
46–52. [CrossRef] [PubMed]

75. Darwin, E.; Romanelli, P.; Lev-Tov, H. Ocrelizumab-induced psoriasiform dermatitis in a patient with multiple sclerosis. Dermatol.
Online J. 2018, 24. [CrossRef]

76. Sunjaya, D.B.; Taborda, C.; Obeng, R.; Dhere, T. First Case of Refractory Colitis Caused by Ocrelizumab. Inflamm. Bowel. Dis. 2020,
26, e49. [CrossRef]

77. Schaper, K.; Dickhaut, J.; Japtok, L.; Kietzmann, M.; Mischke, R.; Kleuser, B.; Bäumer, W. Sphingosine-1-phosphate exhibits
anti-proliferative and anti-inflammatory effects in mouse models of psoriasis. J. Dermatol. Sci. 2013, 71, 29–36. [CrossRef]

78. Deguchi, Y.; Andoh, A.; Yagi, Y.; Bamba, S.; Inatomi, O.; Tsujikawa, T.; Fujiyama, Y. The S1P receptor modulator FTY720 prevents
the development of experimental colitis in mice. Oncol. Rep. 2006, 16, 699–703. [CrossRef]

79. Ladrón Abia, P.; Alcalá Vicente, C.; Martínez Delgado, S.; Bastida Paz, G. Fingolimod-induced remission in a patient with
ulcerative colitis and multiple sclerosis. Gastroenterol. Hepatol. 2021, 44, 156–157. [CrossRef]

80. Sandborn, W.J.; Feagan, B.G. Ozanimod Treatment for Ulcerative Colitis. N. Engl. J. Med. 2016, 375, e17. [CrossRef]
81. Altmeyer, P.J.; Matthes, U.; Pawlak, F.; Hoffmann, K.; Frosch, P.J.; Ruppert, P.; Wassilew, S.W.; Horn, T.; Kreysel, H.W.;

Lutz, G.; et al. Antipsoriatic effect of fumaric acid derivatives. Results of a multicenter double-blind study in 100 patients.
J. Am. Acad. Dermatol. 1994, 30, 977–981. [CrossRef]

82. Ghoreschi, K.; Brück, J.; Kellerer, C.; Deng, C.; Peng, H.; Rothfuss, O.; Hussain, R.Z.; Gocke, A.R.; Respa, A.; Glocova, I.; et al.
Fumarates improve psoriasis and multiple sclerosis by inducing type II dendritic cells. J. Exp. Med. 2011, 208, 2291–2303.
[CrossRef] [PubMed]

83. Brummer, T.; Ruck, T.; Meuth, S.G.; Zipp, F.; Bittner, S. Treatment approaches to patients with multiple sclerosis and coexisting
autoimmune disorders. Ther. Adv. Neurol. Disord. 2021, 14, 17562864211035542. [CrossRef] [PubMed]

84. Berrigan, L.I.; Fisk, J.D.; Patten, S.B.; Tremlett, H.; Wolfson, C.; Warren, S.; Fiest, K.M.; McKay, K.A.; Marrie, R.A. Health-related
quality of life in multiple sclerosis: Direct and indirect effects of comorbidity. Neurology 2016, 86, 1417–1424. [CrossRef]

85. Salter, A.; Tyry, T.; Wang, G.; Fox, R.J.; Cutter, G.; Marrie, R.A. Examining the joint effect of disability, health behaviors, and
comorbidity on mortality in MS. Neurol. Clin. Pract. 2016, 6, 397–408. [CrossRef]

86. Newland, P.K.; Lorenz, R.; Budhathoki, C.; Jensen, M.P. The Presence of Symptoms With Comorbid Conditions in Individuals
With Multiple Sclerosis (MS). Clin. Nurs. Res. 2016, 25, 532–548. [CrossRef]

87. Marrie, R.A.; Miller, A.; Sormani, M.P.; Thompson, A.; Waubant, E.; Trojano, M.; O’Connor, P.; Reingold, S.; Cohen, J.A. The
challenge of comorbidity in clinical trials for multiple sclerosis. Neurology 2016, 86, 1437–1445. [CrossRef]

88. Handel, A.E.; Handunnetthi, L.; Ebers, G.C.; Ramagopalan, S.V. Type 1 diabetes mellitus and multiple sclerosis: Common
etiological features. Nat. Rev. Endocrinol. 2009, 5, 655–664. [CrossRef]

89. Winer, S.; Astsaturov, I.; Cheung, R.; Gunaratnam, L.; Kubiak, V.; Cortez, M.A.; Moscarello, M.; O’Connor, P.W.; McKerlie, C.;
Becker, D.J.; et al. Type I diabetes and multiple sclerosis patients target islet plus central nervous system autoantigens; nonimmu-
nized nonobese diabetic mice can develop autoimmune encephalitis. J. Immunol. 2001, 166, 2831–2841. [CrossRef]

90. Banwell, B.; Bar-Or, A.; Cheung, R.; Kennedy, J.; Krupp, L.B.; Becker, D.J.; Dosch, H.M. Abnormal T-cell reactivities in childhood
inflammatory demyelinating disease and type 1 diabetes. Ann. Neurol. 2008, 63, 98–111. [CrossRef]

91. Baranzini, S.E. The genetics of autoimmune diseases: A networked perspective. Curr. Opin. Immunol. 2009, 21, 596–605.
[CrossRef] [PubMed]

92. Richard-Miceli, C.; Criswell, L.A. Emerging patterns of genetic overlap across autoimmune disorders. Genome Med. 2012, 4, 6.
[CrossRef] [PubMed]

http://doi.org/10.1053/j.gastro.2007.03.024
http://www.ncbi.nlm.nih.gov/pubmed/17484865
http://doi.org/10.1007/s00296-017-3675-8
http://www.ncbi.nlm.nih.gov/pubmed/28236221
http://doi.org/10.1080/00365521.2020.1854847
http://www.ncbi.nlm.nih.gov/pubmed/33280485
http://doi.org/10.5070/D3247040917
http://doi.org/10.1093/ibd/izaa057
http://doi.org/10.1016/j.jdermsci.2013.03.006
http://doi.org/10.3892/or.16.4.699
http://doi.org/10.1016/j.gastrohep.2020.07.020
http://doi.org/10.1056/NEJMc1607287
http://doi.org/10.1016/S0190-9622(94)70121-0
http://doi.org/10.1084/jem.20100977
http://www.ncbi.nlm.nih.gov/pubmed/21987655
http://doi.org/10.1177/17562864211035542
http://www.ncbi.nlm.nih.gov/pubmed/34457039
http://doi.org/10.1212/WNL.0000000000002564
http://doi.org/10.1212/CPJ.0000000000000269
http://doi.org/10.1177/1054773815592817
http://doi.org/10.1212/WNL.0000000000002471
http://doi.org/10.1038/nrendo.2009.216
http://doi.org/10.4049/jimmunol.166.4.2831
http://doi.org/10.1002/ana.21244
http://doi.org/10.1016/j.coi.2009.09.014
http://www.ncbi.nlm.nih.gov/pubmed/19896815
http://doi.org/10.1186/gm305
http://www.ncbi.nlm.nih.gov/pubmed/22284131

	Introduction 
	Neurological Comorbidities and MS 
	Epilepsy 
	Migraine 

	Autoimmune Comorbidities and MS 
	Type 1 Diabetes Mellitus 
	Autoimmune Thyroid Disease 
	Inflammatory Bowel Disease 
	Psoriasis 
	Drug-Related Autoimmune Disorders 

	Effects of Autoimmune Comorbidities on the Clinical and Neuroradiological Course of MS 
	Effect of Autoimmune Comorbidities on Treatment Choices 
	MS and Autoimmune Comorbidities: Unmet Needs 
	Conclusions 
	References

