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Multiple sclerosis (MS) is a complicated, multifaceted autoimmune disorder marked by damage
to the myelin sheath of the central nervous system. The precise etiology of MS remains in-
completely elucidated, though it is thought to arise from an interplay of genetic and environ-
mental influences. Genetic predisposition contributes to the likelihood of acquiring MS, partic-
ularly in persons with a familial history of the illness. Moreover, environmental factors such as
viral infections, vitamin D insufficiency, smoking, specific dietary practices, and exercise lack-
ing have been associated with the initiation of an aberrant immune response that results in in-
flammation and demyelination within the central nervous system. Researchers persist in ex-
amining the complex underpinnings of MS to formulate more effective treatments and inter-

ventions for individuals impacted by this chronic neurological disorder.
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ULTIPLE SCLEROSIS (MS) is a chronic autoim-

mune disease that primarily effects the brain and

spinal cord of the central nervous system (Compston
& Coles, 2008; Eva et al., 2023). It is distinguished by the in-
flammation and injury to the myelin sheath, the protective layer
that envelops nerve fibers (Rolak, 2003). A variety of neurolog-
ical symptoms, including fatigue, muscle weakness, and coordi-
nation and balance issues, are the result of this injury, which
disrupts the communication between the brain and the rest of the
body (Tsutsui & Stys, 2012). Research has provided insight into
the potential factors that contribute to the development of this
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complex disease, despite the fact that the exact cause of MS is
not yet completely understood (Correale et al., 2019; Macleod,
2016).

The development of MS is significantly influenced by
genetics, as individuals who have a family history of the disease
are at a higher risk of developing it themselves. Studies have
identified numerous gene variations that are linked to an elevat-
ed risk of developing MS, indicating that genetic factors may be
involved in the disease’s development (Otaequi et al., 2013;
Pytel et al., 2017). MS is also significantly influenced by envi-
ronmental factors, with certain triggers, including infections,
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smoking, and vitamin D deficiency, being associated with an
elevated risk of developing the disease (Didonna & Oksenberg,
2017; Stoiloudis et al., 2022). The inflammation and injury ob-
served in MS may be the result of an abnormal immune re-
sponse that is triggered by the interaction of these environmental
factors with genetic predisposition (Barrie et al., 2024; Munger
& Ascherio, 2007).

A malfunctioning immune system is one of the primary
factors that are believed to contribute to the development of MS.
The immune system mistakenly assaults the myelin sheath in
individuals with MS, resulting in inflammation and damage to
the nerve fibers (OrtE et al., 2013; Rolak, 2003). Although the
precise mechanisms involved are still not fully understood, it is
believed that this abnormal immune response is the result of a
combination of genetic and environmental factors. Research has
demonstrated that the development of MS is significantly influ-
enced by specific immune cells, including T cells and B cells
(Heglund & Maghazachi, 2014; OrtE et al., 2013). Abnormali-
ties in these cells are associated with the disease. The identifica-
tion of particular immune cells that specifically target the myelin
sheath in individuals with MS has provided additional insight
into the underlying mechanisms of the disease (Dargahi et al.,
2017; Ifergan & Miller, 2020). T cells, which are immune cells,
are activated by environmental triggers, such as viral infections,
and migrate to the central nervous system, where they target the
myelin sheath (Barrie et al., 2024; Martin[ et al., 1992). MS is
characterized by the formation of scar tissue, or lesions, in the
brain and spinal cord as a result of this immune response
(Ifergan & Miller, 2020; Hemmer et al., 2004).

Vitamin D deficiency is an additional environmental fac-
tor that has been linked to MS. Research has demonstrated that
individuals residing in regions with reduced sunlight exposure,
and as a result, lesser levels of vitamin D, are at an increased
risk of developing MS (Hayes & Acheson, 2008; Koch et al.,
2012). The function that Vitamin D plays in modulating the
immune system is one potential explanation for the relationship
between MS and Vitamin D deficiency (Hayes & Acheson, 2008;
OrtE et al., 2013). The immune response is regulated by vitamin
D, and a deficiency in this vitamin may result in an overactive
immune system that attacks the body’s own tissues, thereby
contributing to the development of MS (Bishop et al., 2020;
Hayes & Acheson, 2008). Furthermore, Vitamin D has been
demonstrated to possess anti-inflammatory properties, which
may aid in the mitigation of inflammation in the central nervous
system, a critical component of MS (Pierrot-Deseilligny, 2009;
Pierrot-Deseilligny & Souberbielle, 2017). A correlation be-
tween low levels of Vitamin D and an elevated risk of develop-
ing MS has been demonstrated. For instance, individuals with
elevated levels of Vitamin D had a reduced risk of developing
MS in comparison to those with lower levels of the vitamin
(Smolders et al., 2008). This implies that it may be crucial to
maintain sufficient Vitamin D levels in order to prevent the on-
set of MS.

The function of the gut microbiome in the development of
MS has also been the subject of recent research (Ascherio, 2013).
Changes in the composition of gut bacteria have been associated
with autoimmune diseases, such as MS, and the gut microbiome
is essential for immune system regulation (Cekanaviciute et al.,
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2017; Ochoa-Repaaz et al., 2018). It is hypothesized that cer-
tain types of bacteria may induce an aberrant immune response
in individuals with a genetic predisposition to the disease, re-
sulting in the development of MS (Shahi et al., 2017). Addition-
ally, modifications to the gastrointestinal microbiome have been
associated with the progression and severity of MS in individu-
als (Libbey et al., 2013; Schepici et al., 2019). Research has
demonstrated that individuals with the most diverse intestinal
bacteria exhibit milder symptoms and lower disease activity
than those with the least diverse microbiomes (Ascherio, 2013;
Jangi et al.,, 2016). This implies that the gastrointestinal
microbiome may serve as a potential target for the development
of novel therapies for MS.

Furthermore, studies showed that other factors, such as
viral infections and lifestyle choices, may also contribute to the
development of MS (Chen et al., 2016; Schepici et al., 2019;
Shahi et al., 2017). It has been hypothesized in certain studies
that certain viral infections, such as Epstein-Barr virus (EBV),
may induce an abnormal immune response that results in the
development of MS (Fern&ndez et al., 2011; Munger & Ascherio,
2007; OrtE et al., 2013). Exposure to specific viruses, including
the EBV, is one of the primary environmental factors that has
been associated with MS (Haahr & Hdlsberg, 2006). EBV is a
prevalent virus that infects the majority of the population at
some point in their lives (DeLorenze et al., 2006). However, in
certain individuals, it may induce an anomalous immune re-
sponse that results in the development of MS (Laurence & Be-
nito-Len, 2017; Libbey et al., 2013). In addition, the herpes
virus and the human endogenous retrovirus have been implicat-
ed in the development of MS (Virtanen & Jacobson, 2012).

The risk of developing the disease has also been linked to
lifestyle choices, including smoking and a lack of physical ac-
tivity. Genetic and immune system factors may interact with
these factors to elevate the probability of developing MS
(Munger & Ascherio, 2007). Smoking is one lifestyle factor that
has been associated with an elevated risk of developing MS.
Research has demonstrated that tobacco smoke contains toxins
that have the potential to induce an inflammatory response in the
body, which may result in the development of autoimmune con-
ditions such as MS (Janssen et al., 2024; Katukuri et al., 2020;
Mandia et al., 2014). Furthermore, smoking has been demon-
strated to exacerbate symptoms in individuals who have already
been diagnosed with MS, rendering it a critical risk factor to
take into account for the prevention and management of the
disease (Weston & Constantinescu, 2015). Diet is an additional
lifestyle decision that may impact the progression of MS
(Jakimovski et al., 2019). According to research, a diet that is
deficient in fruits and vegetables and is high in saturated fats
may be linked to an elevated risk of developing MS, whereas a
diet that is abundant in omega-3 fatty acids and antioxidants
may have a protective factor (Goldberg, 1974; Mazzucca et al.,
2024; Stoiloudis et al., 2022). In addition, it has been demon-
strated that individuals with MS can enhance their quality of life
and delay the progression of the disease by maintaining a
healthy weight and participating in regular physical activity
(Hadgkiss et al., 2014; Jakimovski et al., 2019).

The absence of definitive tests for the disease and the var-
iability of symptoms frequently make the diagnosis of MS a
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difficult task (Roos, 2017). Nevertheless, the capacity to diag-
nose and monitor MS has been significantly enhanced by ad-
vancements in imaging techniques, such as MRI scans (Joy &
Johnston, 2001; Waldman et al., 2014). The treatment options
for MS are centered on the prevention of relapses, the manage-
ment of symptoms, and the halting of disease progression
(zivadinov, 2015). Lifestyle modifications, physical therapy, and
medications are frequently implemented to alleviate symptoms
and enhance the quality of life for individuals with MS (Khan et
al., 2011; Nouh et al., 2024).

Our comprehension of this intricate illness is being fur-
thered by ongoing research into the underlying causes of MS. As
well as potential targets for novel therapies, recent research has
identified potential biomarkers that may assist in the prediction
of disease progression and response to treatment (Cai & Huang,
2018; Harris & Sadig, 2014). While the precise cause of MS

remains enigmatic, ongoing research is elucidating the intricate
interplay between genetics, immune function, and environmen-
tal factors that contribute to the disease’s development (Didonna
& Oksenberg, 2015; Gourraud et al., 2012; Weinshenker, 1994).

In sum, MS is a multifaceted autoimmune disorder that
impacts the central nervous system. Although the precise cause
of MS remains unknown, research has identified genetic, im-
mune system, environmental, and lifestyle factors that contribute
to the disease’s development. The care and management of MS
have been significantly enhanced by advancements in imaging
techniques and treatment options; however, additional research
is required to gain a comprehensive understanding of the under-
lying mechanisms. We can anticipate the development of novel
strategies for the prevention and treatment of this difficult dis-
ease by continuing to investigate the genetics, immune function,
and environmental triggers of MS.m
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