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Abstract 
One of the main causes of non-traumatic neurological disability in young adults worldwide 
is multiple sclerosis (MS), a chronic immune-mediated demyelinating and neurodegenerative 
disorder of the central nervous system (CNS). Increasing absolute prevalence is seen in recent 
epidemiological trends from 2021 to 2025, while age-standardized rates are stabilizing due 
to improved diagnostics, survival, and demographic shifts. The current narrative review's 
objective is to examine high-caliber studies conducted globally between 2021 and 2025 that 
address the epidemiology, burden, and different risk factors related to multiple sclerosis (MS), 
with an emphasis on the effects of age, gender, ethnicity, and other interacting factors. Key 
Findings: Global prevalence of ~1.89 million cases in 2021 (age-standardized rate: 23.9 per 
100,000), with ~62,000 new cases each year; female-to-male ratio of ~3:1. DALYs are up by 

43% from 1990, but with a trend downward for age-standardized rates with advances in 
management. Incidence is framed by disparities with higher rates for Whites (77% of the U.S.) 
than Black (10%), followed by Hispanic (7%) cases, and also high levels of radiological 
severity, handicap, and poor outcomes for ethnic minorities of these groups. Age of peak 
incidence progresses to older groups for individuals aged 20-40 years. Genetic underpinnings 

with large effects (e.g., HLA-DRB1*15:01 for ~48% of heritability), strong susceptibility to 

Epstein-Barr virus infection (near ubiquity at onset; 32-fold increase for molecular mimicry), 
vitamin D deficiency, smoking, obesity, and altered gut microbiomes are environmental 
components of risk. Incidence is seen to decline modestly for age-standardized incidence 
rates, mortality rates, and DALYs through 2035. From this review, the emphasis on MS as a 
partially preventable disease falls within the context of a rising absolute prevalence and 
existing inequities in the field. Future complementary strategies should therefore encompass 
a wide range of populations as well as risk modification measures such as EBV-related 
therapies and smoking cessation. 
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Introduction 
Multiple sclerosis (MS) is a chronic, immune-mediated disorder of the central nervous system characterized 

by a heterogeneous clinical course that encompasses relapsing–remitting (RRMS), secondary progressive 

(SPMS), and primary progressive (PPMS) phenotypes [1]. Once regarded as a primarily inflammatory 

condition with discrete relapsing and progressive phases, contemporary understanding positions MS as a 
dynamic continuum in which inflammatory and neurodegenerative mechanisms coexist from disease onset. 

This paradigm shift has been catalysed by the recognition of progression independent of relapse activity 

(PIRA), a concept underscoring that disability accrual can occur in the absence of overt clinical relapses, 

thereby challenging traditional nomological boundaries [2].  

As of 2023, more than 2.9 million people around the world live with MS. That number keeps climbing, mostly 

because we’re better at spotting the disease, people are living longer, and there’s more awareness now. Plus, 
the world itself is changing in ways that affect our health. One thing that stands out: doctors are diagnosing 

MS more often in older adults these days. More folks are getting the news in their fifties and beyond. This 

shift probably comes from a mix of better detection and changes in the things that influence the disease 

throughout our lives [3, 4].  

There have been significant developments in MS epidemiology and aetiology between 2021 and 2025. High-

resolution estimates of MS prevalence, incidence, mortality, and disability-adjusted life years (DALYs) across 
204 countries and territories have been provided by historic global health initiatives, most notably the Global 

Burden of Disease Study 2021 (GBD 2021) [5, 6]. Large-scale genomic initiatives, such as trans-ethnic meta-

analyses and genome-wide association studies (GWAS), have concurrently increased the number of 

susceptibility loci to over 230 genetic variants, shedding light on pathways related to vitamin D metabolism, 

immune regulation, and the Epstein-Barr virus (EBV) response [7]. This thorough narrative analysis builds 
on previous syntheses by integrating the most recent epidemiological predictions through 2035, highlighting 
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significant regional and sociodemographic inequalities, and critically analysing both modifiable and non-
modifiable risk variables [8-10].  

Emerging areas like the gut-brain axis (including microbiome composition and metabolomic signatures), 

serological biomarkers of neuroaxonal injury (like neurofilament light chain), and the interaction between 

genetic background and environmental triggers (like latitude, smoking, obesity, and EBV infection) are given 

particular attention. Additionally, the study examines interlocking axes of inequality, such as differences in 

MS risk, presentation, access to care, and outcomes across socioeconomic position, gender, ethnicity, and 
geography, especially in underrepresented areas like the Middle East and North Africa (MENA) [11-13]. By 

synthesizing contemporary evidence within a global health framework, this review aims to inform clinical 

decision-making, guide public health strategies, and identify critical gaps for future research, ultimately 

advancing equitable, precision-oriented approaches to MS prevention, diagnosis, and management in 

diverse populations worldwide. 
 

Epidemiology of Multiple Sclerosis 
Global Prevalence and Incidence 

The global burden of MS has escalated, with 1.89 million prevalent cases in 2021, marking a 30% rise since 

2013 and a continuous increase over three decades. Age-standardized prevalence is 23.9 per 100,000 

population, with a female-to-male ratio of approximately 2:1 to 3:1, reflecting hormonal and genetic 
influences on susceptibility [14]. Incidence has stabilized in age-standardized terms but increased absolutely 

by 49% from 1990 to 2021, reaching ~62,000 new cases annually, particularly among adults aged 20-54 

(51,904 cases in 2021) [15]. This growth is attributed to population expansion, aging demographics, 

enhanced diagnostic capabilities (e.g., MRI advancements), and improved survival rather than heightened 

risk exposure. Pediatric-onset MS (POMS) shows an incidence of 0.05-2.85 per 100,000 children, with 
prevalence up to 26.9 per 100,000 in high-income areas, while late-onset MS (after age 50) accounts for up 

to 35% of cases in some cohorts, indicating a shift toward older onset ages [16, 17]. 

 
Mortality and Disability Burden 

MS contributes substantially to neurological morbidity, with 4,738 deaths and 513,000 DALYs in the 20-54 

age group in 2021. Overall DALYs rose 43% from 1990 to 2021 (from 358,185 to 512,986), yet age-
standardized DALY rates declined from 14.90 to 13.61 per 100,000 (estimated annual percentage change 

[EAPC] -0.45), signaling advancements in disease-modifying therapies (DMTs) and care. Mortality increased 

by 18% in absolute terms but decreased in rates (EAPC -1.21), comparable to burdens from conditions like 

Crohn's disease. Disparities persist, with males exhibiting higher mortality and DALYs despite lower 

prevalence, and ethnic minorities facing elevated disability [13, 18-19]. 
 

Regional, National, and Subnational Variations 

Pronounced geographic disparities exist, with the highest burdens in high socio-demographic index (SDI) 

regions like North America (incidence rate 4.38 per 100,000) and Western Europe (10,964 incidence cases). 

Prevalence exceeds 100 per 100,000 in countries such as Sweden (219/100,000), Canada (182/100,000), 

and Norway (176/100,000), linked to latitude gradients and vitamin D deficiency. Lower rates in low-SDI 
regions may reflect underdiagnosis. In the US, subnational data show northern states with twice the 

incidence of southern ones; nationally, the US leads in cases (9,388 incidence, 758 deaths) [20-22]. 

 

Variations by Ethnicity and Race 

Multiple sclerosis (MS) affects people from all racial and ethnic backgrounds, contradicting earlier beliefs 

that it mainly affected White populations. In the United States, White individuals account for 77% of MS 
cases (577,725), followed by Black individuals at 10% (80,276), Hispanics at 7% (53,456), and lower rates 

among Asian/Pacific Islanders. Recent studies show that the prevalence per 100,000 people is similarly high 

for both Black and White populations, while Hispanics have a lower risk but are experiencing increasing 

rates. There are clear ethnic differences in disease outcomes: Black and Hispanic patients tend to have more 

severe findings on imaging, higher levels of disability, more frequent use of walking aids, and poorer 
neurological outcomes compared to White patients. Young Black and Hispanic women, in particular, often 

have more advanced disease when first diagnosed. In contrast, a large study in the UK found no link between 

ethnicity and MS severity, indicating that factors such as access to healthcare may play a role in these 

disparities. These differences highlight the complex interaction between genetic background, socioeconomic 

status, and environmental influences [23,24]. 
 

Variations by Gender 

Gender differences are significant, with women making up 77% of cases in certain groups and an 

international ratio reaching 3:1. In some areas, women exhibit a greater prevalence but possibly improved 
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long-term results, whereas men display a lower prevalence but higher mortality and DALYs, as noted in 
China. Gender affects prodromal symptoms, response to treatment, and complications such as sexual 

dysfunction, which occurs more frequently in females and is linked to older age and increased disability. 

Men might postpone reporting symptoms, resulting in delayed diagnoses. Intersections with ethnicity 

worsen inequalities, particularly among young minority individuals [25]. 

 
Variations by Age 
MS onset typically occurs between ages 20-50, with peak incidence at 30-34 years, though trends indicate 

a shift toward older ages (mean presumed onset 43.5 years in some studies). Early-onset (before 18) is rare 

(3%), while late-onset (after 50) comprises 35%, often with more progressive courses. Age influences burden: 

incidence declines after 50, but older adults face higher comorbidity and disability risks. Prodromal health 

care use increases 25 years pre-onset, varying by age group [26]. 
 
Trends and Projections 

Since 1990, prevalence has increased by 26–30% worldwide and doubled in some areas. Age-standardized 

mortality and incidence decreased somewhat (EAPC -1.21 for death, -0.08 for incidence). Assuming 

continued trends in diagnosis and interventions, Bayesian estimates to 2035 place incidence at 1.54 per 

100,000, death at 0.11 per 100,000, and DALYs at 14.59 per 100,000. In view of growing absolute burdens, 
these changes highlight potential for prevention, especially when it comes to addressing inequities in 

disadvantaged groups [27, 28]. 

 

Risk Factors for Multiple Sclerosis 

MS etiology involves polygenic inheritance (30-48% heritability) interacting with environmental triggers, 
often during critical windows like adolescence, modulated by ethnicity, gender, and age. Recent GWAS and 

meta-analyses have refined these insights [29]. 

 

Genetic Risk Factors 

Genetics are responsible for around 48% of MS risk, with familial aggregation evident. Lifetime risk climbs 

from 0.1% in the general population to 2-4% in first-degree relatives and 20-30% in monozygotic twins. A 
GWAS of 47,429 patients found 233 variations, including 32 in the MHC region. The strongest allele is HLA-

DRB1*15:01, which enhances antigen presentation and interacts with environmental variables such as 

smoking (carriers lacking HLA-A02 have a 13-fold higher risk) [30]. Non-HLA variations are more prevalent 

in immunological pathways (e.g., IL-2RA, IL17R for T-cell activation) and CNS functions (e.g., DYSF-ZNF638 

for progression). Polygenic risk ratings (PRS) predict severity irrespective of onset age. Ancient DNA indicates 
that steppe pastoralist descent is associated with increased risk. X-linked genes and polymorphisms in 

vitamin D metabolism (VDR, CYP27B1) further stratify risk, with gender differences in genetic vulnerability 

(for example, women with certain variants progress faster. [31]. Ethnic variations in HLA and non-HLA 

alleles contribute to disparities [32]. 

 

Environmental Risk Factors 
Environmental exposures, modifiable in many cases, interact with genetics to drive MS onset and 

progression, with differential impacts by ethnicity, gender, and age [33]. 

 

Infectious Agents 

EBV is a near-requisite trigger, with nearly all MS patients seropositive at the beginning; infection increases 

risk by 32-fold, often 5 years before diagnosis. Molecular mimicry (EBNA-1 cross-reacting with myelin), B-
cell immortalization, and CNS invasion are all possible mechanisms. HHV-6 seropositivity increases risk 

(pooled ES 2.84) through CNS tropism, demyelination, and viral load relationships. VZV infection causes 

relapses (pooled ES 1.33), which promote Th1 cytokines and inflammation. Other viruses (e.g., CMV, HERVs) 

exhibit regional variation, with HERVs linked to progression via T-cell stimulation. Adolescent exposures 

are particularly important in terms of infection risk [34]. 
 

Vitamin D Deficiency and Sunlight Exposure 

Latitude gradients are explained by low UVR and vitamin D levels, with prevalence ranging from 111-300 

per 100,000 in high-latitude regions to <5 in tropical areas. Deficiency (<20 nmol/L) raises risk (pooled ES 

1.51), whereas levels ≥50 nmol/L slow progression (lower EDSS and less atrophy). Mechanisms include 

immunomodulation (decreased effector cells, increased regulatory T-cells) and neuroprotection (e.g., 
neurotrophic factors). Polymorphisms in VDR/CYP27B1 exacerbate consequences, making women more 

sensitive [35, 36]. 
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Smoking and Tobacco Exposure 
Smoking increases the onset risk dose-dependently (pooled ES 1.43), increasing the progression of RRMS 

to SPMS and disability. Mechanisms include oxidative stress, BBB permeability, epigenetic alterations, and 

HLA interactions (13-fold risk in vulnerable genotypes). Attributable risk: 13% in some populations, with 

women demonstrating increased sensitivity when combined with obesity and genetics [37]. 

 

Obesity and Body Mass Index 
Obesity in childhood and adolescence increases risk through adipokines, inflammation, and vitamin D 

insufficiency, which are associated with impairment and atrophy. Adult BMI has no direct link (pooled ES 

0.94), indicating that early-life windows are important, with gender differences (women are more affected) 

[38]. 

 
Gut Microbiome Dysbiosis 

New research linked gut microbiome changes to MS risk and progression. Dysbiosis is characterized by 

fewer short-chain fatty acid (SCFA) producers (e.g., Faecalibacterium, Roseburia) and more proinflammatory 

taxa (e.g., Streptococcus, E. coli) [39]. Mechanisms include immunological dysregulation via the gut-brain 

axis, protein mimicry with myelin amino acids, and changed metabolites that affect disease activity. Studies 

reveal that the microbiome differs between stable and progressing MS, with B-cell loss affecting host-microbe 
interactions. Twin studies link small intestinal bacteria to MS [40]. Genetic risk scores are associated with 

distinct microbiomes, which may change depending on ethnic background and age [41]. 

 

Demographic Risk Factors: Ethnicity, Gender, and Age 

Ethnicity influences sensitivity and consequences through genetic-environmental interactions; for example, 
increased severity in Black and Hispanic groups may be due to differences in access to care and DMTs, with 

Hispanics experiencing the greatest decline in adjusted relapse rates (90% from 2011-2023) [42]. Gender 

disparities are triggered by hormonal (e.g., estrogen modulation), genetic (e.g., X-linked variations), and 

lifestyle factors, with women having a larger risk but men progressing more quickly in certain genetic 

situations. The age at onset influences the prognosis: earlier onset coincides with relapsing types, whereas 

later onset is associated with progressive disease and comorbidities [43]. Intersections, such as elder women 
in minority groups, exacerbate vulnerability [44]. 

 

Discussion 
From 2021 to 2025, the epidemiological landscape of multiple sclerosis (MS) displays a disease with 
increasing worldwide relevance, as seen by rising absolute numbers of cases and stabilizing or slightly 

dropping age-standardized rates of prevalence, incidence, and mortality. The observed 30% increase in 

prevalent cases since 2013 and the 49% increase in absolute incident cases are primarily due to population 

growth, aging demographics, improved diagnostic sensitivity (particularly through widespread MRI use and 

updated McDonald criteria), and longer survival due to advances in disease-modifying therapies (DMTs), 

rather than a true escalation in underlying risk [45]. The ongoing female preponderance (ratios up to 3:1) 
and the move toward older age at onset (with late-onset MS accounting for up to 35% in some cohorts) 

highlight developing demographic patterns, which may be influenced by changes in reproductive, hormonal, 

and lifestyle exposure across time [46].  

Geographic and demographic differences remain pronounced. High socio-demographic index (SDI) regions, 

particularly those in northern latitudes, still experience the heaviest impact, most likely due to a 
combination of genetic susceptibility and environmental variables such as inadequate levels of vitamin D 

and historical migration patterns. Ethnic differences are also noteworthy: whereas White populations 

continue to account for the bulk of cases in high-prevalence settings such as the United States, Black and 

Hispanic people frequently face higher disease severity, faster progression, and worse handicap 

consequences [47, 48]. These disparities are most likely caused by a mix of genetic heritage, financial hurdles 

to early diagnosis, high-efficacy DMTs, and varying environmental exposures. Gender disparities go beyond 
prevalence, with males having higher morbidity and DALY rates despite lower incidence, and women having 

more significant associations with specific risk factors (e.g., obesity, tobacco use, and genetic variations). 

These intersecting demographic patterns underline the importance of stratified methods to both research 

and patient care [49, 50].  

Recent data clearly support the complex origin of multiple sclerosis. The near-universal prevalence of 
Epstein-Barr virus (EBV) seropositivity in MS patients, combined with a 32-fold probability elevation 

following infection and mechanistic insights into molecular mimicry and B-cell dysregulation, places EBV 

as one of the most powerful recorded causative environmental activators to date [51]. This outcome, when 

paired with substantial links for vitamin D deficiency, smoking, adolescent obesity, and new information on 

gut microbiome dysbiosis, highlights a complex gene-environment interaction simulation in which genetic 
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susceptibility (particularly HLA-DRB1*15:01 and polygenic risk scores) sets the stage, while adaptable 
environmental exposures precipitate and/or modulate disease development and progression. Identifying 

important engagement windows (e.g., adolescence for obesity and EBV) and synergistic effects (e.g., smoking 

× HLA genotype) enables targeted preventative interventions [52].  

Notwithstanding these advancements, a few restrictions must be recognized. The use of modelled worldwide 

burden forecasts, underdiagnosis in nations with low to middle incomes, variation in medical and reporting 

standards, and the review's narrative (rather than systematic) format all contribute to potential biases and 
gaps in representation. Furthermore, while serological and microbial markers are promising, their specificity 

and application in varied populations have yet to be thoroughly demonstrated. 

 
Conclusion 
Multiple sclerosis continues to be the primary cause of neurological disability globally, with a developing 

epidemiological picture marked by rising absolute burden, ongoing demographic inequality, and a better 

knowledge of its multifaceted etiology. The period 2021-2025 has confirmed the key function of Epstein-

Barr virus exposure alongside established genetic and environmental risk factors, while also highlighting 
possibilities for avoidance through smoking, vitamin D status, weight gain, and potentially microbiome-

targeted actions. Addressing the expanding worldwide epidemic and reducing disparities will necessitate 

ongoing investment in various longitudinal study cohorts, greater monitoring in underserved areas, the 

development of available biomarkers, and the implementation of targeted public health interventions. MS is 

becoming more widely recognized as a largely avoidable disorder as we gain a better knowledge of gene-

environment interactions and the function of EBV. Future efforts should focus on individualized risk 
assessment, early intervention, and fair access to high-efficacy medicines to lessen the chronic disease's 

permanent personal and social impacts. 
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