& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Steve Simpson-Yap,
The University of Melbourne, Australia

REVIEWED BY

Emanuele D'’Amico,

University of Foggia, Italy

Sonia Santos Lasaosa,

Lozano Blesa University Clinical Hospital,
Spain

*CORRESPONDENCE

Saeid Safiri
saeidsafiri@gmail.com;
safiris@tbzmed.ac.ir

Ali-Asghar Kolahi
a.kolahi@sbmu.ac.ir

RECEIVED 13 June 2024
ACCEPTED 07 October 2024
PUBLISHED 25 October 2024

CITATION

Safiri S, Ghaffari Jolfayi A, Mousavi SE,
Nejadghaderi SA, Sullman MJIM and Kolahi
A-A (2024) Global burden of multiple sclerosis
and its attributable risk factors, 1990-2019.
Front. Neurol. 15:1448377.

doi: 10.3389/fneur.2024.1448377

COPYRIGHT

© 2024 Safiri, Ghaffari Jolfayi, Mousavi,
Nejadghaderi, Sullman and Kolahi. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Neurology

Frontiers in Neurology

TYPE Original Research
PUBLISHED 25 October 2024
pol 10.3389/fneur.2024.1448377

Global burden of multiple
sclerosis and its attributable risk
factors, 1990-2019

Saeid Safirit?*, Amir Ghaffari Jolfayi!, Seyed Ehsan Mousavi?,
Seyed Aria Nejadghaderi*®, Mark J. M. Sullman®’ and
Ali-Asghar Kolahi®*

!Neurosciences Research Center, Aging Research Institute, Tabriz University of Medical Sciences,
Tabriz, Iran, 2Clinical Research Development Unit of Tabriz Valiasr Hospital, Tabriz University of
Medical Sciences, Tabriz, Iran, *Social Determinants of Health Research Center, Tabriz University of
Medical Sciences, Tabriz, Iran, “HIV/STI Surveillance Research Center, and WHO Collaborating Center
for HIV Surveillance, Institute for Futures Studies in Health, Kerman University of Medical Sciences,
Kerman, Iran, *Systematic Review and Meta-analysis Expert Group (SRMEG), Universal Scientific
Education and Research Network (USERN), Tehran, Iran, *Department of Life and Health Sciences,
University of Nicosia, Nicosia, Cyprus, ’Department of Social Sciences, University of Nicosia, Nicosia,
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Background: Multiple sclerosis (MS) is a progressively debilitating disorder that
has seen a notable rise in prevalence in recent years. This study examines the
burden of MS from 1990 to 2019, providing a detailed analysis by age, sex, and
sociodemographic index (SDI) across 204 countries and territories.

Methods: Data on the prevalence, death and disability-adjusted life years (DALYs)
attributable to MS were obtained from the publically available Global Burden of
Disease 2019 project. The estimates are reported as numbers, percentages, and
age-standardized rates per 100,000, accompanied by 95% uncertainty intervals.

Results: In 2019, MS accounted for 1.8 million prevalent cases, 22.4 thousand
deaths and 1.2 million DALYs worldwide. There were significant declines in the
global age-standardized prevalence, mortality and DALY rates of MS over the
period 1990-2019. In 2019, females exhibited a higher global point prevalence
and a greater total number of prevalent MS cases than males across all age
groups. At the regional level, a non-linear relationship was observed between
the age-standardized DALY rate of MS and SDI.

Conclusion: Although the global age-standardized DALY rate of MS decreased
between 1990 and 2019, MS continues to account for a considerable number
of DALYs and prevalent cases. Integrating MS and its associated risk factors into
healthcare planning is vital, especially in areas with high levels of socioeconomic
development.
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Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease that severely impacts the central
nervous system (CNS) and is marked by demyelination, inflammation, and neuronal loss. This
condition leads to a variety of neurological symptoms, including vision problems, numbness,
weakness, and cognitive difficulties (1). MS also presents a range of “invisible” symptoms that
significantly contribute to the overall disease burden. Common invisible symptoms, such as
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fatigue, cognitive impairment, and deficits in memory and attention,
can severely impact daily functioning and quality of life. Additionally,
symptoms like dysphagia, urinary incontinence, and sexual dysfunction
are prevalent, further diminishing patients’ well-being. Even though
these symptoms may not be outwardly apparent, they profoundly affect
the prognosis and daily well-being of people living with MS (2-5).

MS is a disabling disease that is affected by an interplay of genetic,
environmental, and lifestyle risk factors, including vitamin D
deficiency and smoking (6). In recent years, the worldwide prevalence
of MS has increased notably, highlighting the growing impact of this
condition on global health (7). The symptoms of MS vary depending
on the location of the neuronal injury. These may manifest as optic
neuritis (e.g., visual blurring, color blindness and reduced visual
acuity), myelitis (e.g., sphincter or sexual dysfunction and
paraesthesia), brainstem/cerebellar syndrome (e.g., dysphagia, hearing
loss and nausea), and cerebral hemispheric syndrome (e.g.,
hemiparesis and hemisensory deficits) (8). Individuals with MS have
a heightened risk of suicide, cardiovascular and respiratory disorders,
as well as mortality (9). Beyond its health implications, MS imposes a
substantial economic burden, with costs estimated to range between
US$463 and US$58616 in low- and middle-income countries. This
financial strain primarily arises from the need for caregiver support
and the loss of productivity associated with the disease (10, 11).

In 2016, MS ranked 14th among neurological disorders in terms
of the age-standardized disability adjusted life years (DALY) rate (12).
Furthermore, that year the age-standardized point prevalence and
DALY rate of MS were 30 and 16 per 100,000 population worldwide,
respectively (12). Between 1990 and 2016, the biggest rises in the
age-standardized point prevalence of MS were seen in the East Asia
region (44.8%) and Canada (81.9%) (13). Moreover, in 2016 the
largest age-standardized point prevalence of MS was seen in High-
income North America (164.6 per 100,000 population) (13). Its
burden is more pronounced among the middle-aged population and
tends to rise with improvements in socioeconomic status (13).

Previous studies have detailed the burden of neurological disorders
across different regions and countries utilizing Global Burden of Disease
(GBD) data (14-17). Furthermore, the specific burden of MS in China
has also been reported utilizing GBD 2019 data (18). In addition,
another publication presented the global burden of MS utilizing GBD
2019 data (19). Nevertheless, this research has several limitations, such
as not reporting the prevalence of MS, not reporting the burden
attributed to different risk factors, missing sex specific indicators at the
regional level, not providing this information by age group, the omission
of informative maps, not reporting the regional relationship between the
burden of MS and socio-economic level, not reporting changes between
the years 1990 and 2019, and not reporting the specific numbers for the
different regions and countries (19). Much of the information omitted
in the previous research is essential for health policymaking. Therefore,
our aim was to detail the prevalence, incidence and DALY that were
due to MS by sex, age, and sociodemographic index (SDI) in 204
countries and territories, spanning the years 1990-2019.

Abbreviations: MS, Multiple sclerosis; DALY, disability adjusted life year; GBD, Global
Burden of Disease; SDI, sociodemographic index; ICD, International Classification
of Disease; CODEm, Cause of Death Ensemble Modeling; YLL, year of life lost;
DW, disability weight; EDSS, Expanded Disability Status Scale; YLD, Year Lived with
Disability; Ul, uncertainty interval; PAF, Population Attributable Fraction.
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Methods
Overview

GBD 2019 systematically examined 369 diseases, injuries, and risk
factors across 204 nations and territories, 7 super-regions, and 21
regions from 1990 to 2019. The main differences from previous years
and methodology of GBD 2019 have been extensively covered
elsewhere (20-22). Further specifics concerning the fatal and non-fatal
estimates can be obtained from the Global Health Data Exchange.

Case definition

MS is a chronic and progressive disease characterized by immune-
mediated inflammation and demyelination within the CNS. In GBD
2019, the diagnosis of MS adhered to the McDonald criteria, Poser
criteria, Schumacher criteria, and McAllen criteria, as well as clinical
neurological examinations (21). All conditions coded as G35-G35.9
and 340-340.9, as per the International Classification of Diseases
version 10 (ICD10) and ICD9, respectively, were classified as MS (21).

Fatal estimation

The Cause of Death Ensemble Modeling (CODEm) approach
was employed to calculate MS-related mortality for both sexes,
to 95+ vyears old (21).
Supplementary Table S1 displays the covariates included in the

covering an age range of 5
modeling process. Unadjusted mortality estimates were refined with
CoDCorrect to yield the years of life lost (YLLs). MS was modeled
using data from the cause of death database, specifically utilizing
vital registration and surveillance data. The study identified outliers
by excluding data points that showed implausible values, notable
deviations from established age or temporal trends, or significant
discrepancies compared to data from the same location or similar
locations with comparable characteristics, such as SDI (21). In cases
where inconsistencies between various coding systems for a given
location over time could not be resolved through data processing, a
decision was made by GBD team to consider one system as reliable
rather than excluding the other (21).

Non-fatal estimation

Estimates for MS were calculated using two main types of data
sources. The first type comprised studies gathered through systematic
literature reviews of representative population-based observational
studies, which were last updated in GBD 2017 (21, 23). Studies were
excluded if they lacked a clearly defined sample or relied on specific
clinics or patient organizations (23). The second type comprised
claims data which were obtained and analyzed by the GBD Clinical
informatics team. GBD 2019 incorporated new claims data from
Poland and extended the coverage of claims data from the U.S.A. to
encompass the years 2015-2016 (21). The mentioned data links
encompassed all instances of inpatient and outpatient encounters tied
to an individual, providing both primary and secondary diagnoses for
each encounter (21). The process of identifying a prevalent case from
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claims data involved selecting individuals with at least one inpatient
encounter or two or more outpatient encounters (21).

In cases where epidemiological data encompassed prevalence or
incidence measures stratified by age for both sexes together, as well as
for all ages combined by sex, we derived the sex ratio of cases from the
study and used it to estimate age-sex-specific data for both sexes (21).
In order to derive sex-specific metrics from studies that solely
presented data for the sexes together, GBD employed a log sex ratio
model in MR-BRT (21). This involved incorporating all sex-specific
measurements from other studies into the database and merging them
with the GBD sex-specific population estimates for the relevant age
group (21). The data from the United States claims in 2000 pertains to
a limited sub-group of individuals with commercial insurance. To
address this, a pre-modeling bias adjustment was conducted by GBD
using MR-BRT Crosswalk Adjustment for the aforementioned
United States claims data. For MS estimation, DisMod-MR 2.1 was
employed by GBD along with the following covariates: the healthcare
access and quality index for excess mortality rate, and the absolute
value of average latitude for the prevalence and incidence. The prior
settings encompassed no remission across all ages, zero incidence or
excess mortality for individuals younger than 5, and an incidence rate
restricted to less than 0.000005 for ages above 60 (21).

Severity and years lived with disability

The lay description and disability weights (DWs) of MS were
defined according to Kurtzke’s Expanded Disability Status Scale
(EDSS) (21). The disability levels and DWs associated with MS were
categorized as follows: EDSS score of zero classified as asymptomatic
with a DW of zero, an EDSS score of 0 to <3.5 was considered mild
with a DW of 0.183 (0.124-0.253), an EDSS score of 3.5 to <6.5 was
classified as moderate with a DW 0f 0.463 (0.313-0.613), and an EDSS
score of 6.5 <to <9.5 was categorized as severe with a DW of 0.719
(0.534-0.858) (21). To address the lack of data on the number of cases
with an EDSS score of zero in certain sources, GBD utilized a two-step
meta-analysis approach (21). Initially, studies solely reporting the mild
category were categorized to include only those providing information
on the number of cases with EDSS scores of 0. Subsequently, meta-
analyses were conducted on the percentage of asymptomatic and mild
cases. Following this, the complete dataset underwent meta-analyses
to establish the proportions of mild, moderate, and severe cases (21).

Compilation of results

The process for calculating the YLLs involved multiplying the
number of deaths in each age range by the residual life expectancy for
that particular age range, using the GBD standard life table. The
calculation of DALY involved adding the Years Lived with Disability
(YLDs) and YLLs together. The estimates were provided as numbers,
100,000,
accompanied by 95% uncertainty intervals (Uls). The distribution of

proportions, and age-standardized rates per each
uncertainty was achieved by running 1,000 iterations at every
computational step. This approach enabled the integration of
uncertainty from various causes, such as estimates of residual
non-sampling error, corrections of measurement error, and input data.
The process for defining Uls involved identifying the 25th and 975th
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values from the ordered iterations. In our study, we employed
Smoothing Splines models (22) to investigate the correlation between
the SDI and the burden of MS, specifically in relation to the MS
attributable DALYs.

Risk factors

The percentage of MS-related deaths and DALY due to smoking
were estimated. To determine the prevalence of current and former
smokers, cross-sectional nationally representative household surveys
were utilized (20). GBD 2019 employed a Bayesian meta-regression
model to generate nonlinear dose-response curves by synthesizing
effect sizes derived from cohort and case—control studies (20). The
exposure definition for relative risk was based on cigarettes per
smoker per day, which was used to estimate the Population
Attributable Fraction (PAF). Further details about the definition of
this risk factor and its relative risk for MS can be found in another
source (20).

Results

Global level

In 2019, there were 1.8 million (95% UL 1.5 to 2.0) prevalent cases
of MS, with an age-standardized point prevalence of 21.3 (95% UL:
18.5 to 23.9) per 100,000, representing a 6.2% (95% UI: —8.7 to —3.8)
decline from 1990. That year, MS was responsible for 22.4 thousand
deaths (95% UL 20.2 to 27.8), with an age-standardized death rate of
0.3 (95% UL 0.2 to 0.3), reflecting a 14% reduction (95% UI: —29.1 to
—5.9) over the measurement period. Additionally, MS accounted for
1.2 million DALY (95% UL 1.0 to 1.4), with an age-standardized rate
of 14.0 (95% UL 12.0 to 16.6). Over the reporting period, DALYs
decrease by 13.2% (95% UIL: —20.9 to —6.3) (Table 1).

Regional level

In 2019, the regions with the highest age-standardized point
prevalence of MS were High-income North America [103.8 (95% UI:
95.4 to 112.1)], Western Europe [88.5 (95% UL 77.7 to 100.7)] and
Australasia [57.0 (95% UL 48.4 to 65.4)]. Conversely, the lowest
age-standardized point prevalence rates were observed in Oceania [1.7
(95% UTI: 1.3 to 2.2)], East Asia [2.4 (95% UI: 1.9 to 3.0)] and Southeast
Asia [2.6 (95% UL 2.0 to 3.2)] (Table 1). Supplementary Figure S1
presents the sex-specific estimates for the age-standardized point
of MS in 2019 at the
Supplementary Figure S2 illustrates the estimates for the number of

prevalence regional-level, while
prevalent cases of MS over the period 1990-2019.

In 2019, the highest age-standardized death rates due to MS were
observed in High-income North America [0.8 (95% UI: 0.6 to 0.9)],
Western Europe [0.7 (95% UL 0.5 to 0.9)] and Central Europe [0.6
(95% UI: 0.5 to 1.1)]. Conversely, the lowest rates of MS were found
in Oceania [0.1 (95% UI: 0.1 to 0.1)], East Asia [0.1 (95% UI: 0.1 to
0.1)] and High-income Asia Pacific [0.1 (95% UI: 0.1 to 0.1)]
(Table 1). Supplementary Figure S3 presents the sex-specific estimates

for the age-standardized death rate of MS in 2019 at the
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TABLE 1 Prevalent cases, deaths and DALYs due to multiple sclerosis in 2019 and percentage change of age-standardized rates (ASRs) per 100,000, by GBD region, from 1990 to 2019 (Generated from data
available from: http://ghdx.healthdata.org/gbd-results-tool).

Prevalence (95% Ul)

No (95% UlI)

ASRs per
100,000
(95% UI)

Percentage
change in
ASRs
between
1990 and
2019

Deaths (95% UlI)

No (95% Ul)

ASRs per
100,000
(95% UI)

Percentage
change in
ASRs
between
1990 and
2019

DALYs (95% Ul)

No (95% UlI)

ASRs per
100,000
(95% UI)

Percentage
change in
ASRs between
1990 and
2019

Africa

Global 1,756,792 (1,531,919, 1,973,623) = 21.3(18.5,23.9) = —6.2(—8.7,—3.8) = 22,439 (20,226, 27,792) 0.3(0.2,03) | —14(-29.1,-5.9) 1,159,832 (1,001,180, 1,381,870) = 14 (12,16.6) = —13.2(—20.9,—6.3)
High-income Asia Pacific 24,006 (19,021, 29,147) 8.6 (6.8, 10.5) 11.4 (9.6, 13.1) 321 (266, 498) 0.1(0.1,0.1) | —18.3(-37.6,2.5) 15,516 (12,324, 20,968) 5.6 (4.4,7.7) —8.9(-23.3,4.7)
High-income North 476,332 (438,853, 513,566) 103.8 (95.4,112.1) | 5.5 (—4.6, 14.5) 4,632 (3,116, 5,134) 0.8 (0.6,0.9) 25.1(-16.2,44.7) 241,678 (195,635, 278,601) 49.3 (40.2,57.4) 8.8 (—5.6,17.8)
America

Western Europe 522,842 (459,258, 590,605) 88.5(77.7,100.7) | 27.6 (24.7, 30.6) 5,235 (3,829, 6,538) 0.7 (0.5,0.9) —2.8(-36.2,9) 271,039 (222,001, 324,346) 43.5(35.8,52.7) 7.3 (—13.5, 16)
Australasia 21,100 (18,034, 23,970) 57 (48.4, 65.4) 43.2(30.8,55.1) 215 (156, 276) 0.5(0.4,0.6) 2.6 (—36.4,19.5) 11,116 (9,024, 13,401) 28.9(23.3,35.3) | 17.9(-10.5,32.9)
Andean Latin America 4,177 (3,242, 5,078) 6.8 (5.3,8.3) 32.9(28,38.3) 79 (59, 101) 0.1(0.1,0.2) 2.9 (-28,37.6) 3,735 (2,952, 4,623) 6.1(4.9,7.6) 7.2 (=17, 34)
Tropical Latin America 47,516 (38,255, 56,927) 18.9 (15.2,22.6) 16 (13.3,18.9) 421 (362, 599) 0.2(0.1,0.2) 5.9 (-20.9, 25) 25,312 (20,305, 31,971) 10.1 (8.1, 12.7) 10.2 (—8.8,20.5)
Central Latin America 21,533 (17,150, 25,931) 8.4(6.7,10.2) 36.2 (32.9, 40.5) 533 (414, 683) 0.2(0.2,0.3) 40.5(-7.2, 80.9) 24,524 (20,015, 29,814) 9.6 (7.9,11.7) 38.5(0.1,68.1)
Southern Latin America 17,804 (14,604, 21,088) 23.6(19.3,28.1) 5.3(2.3,84) 185 (150, 315) 0.2(0.2,04) | —16.5(-28.1,16.8) 10,639 (8,314, 15,021) 14 (11, 19.8) —8.5(—18.8,12.8)
Caribbean 5,285 (4,204, 6,317) 10.4 (8.3,12.5) 16.4 (13.8,19.6) 123 (92, 156) 0.2(0.2,0.3) 14.2 (-11.5,37.5) 5,730 (4,627, 7,078) 11.3 (9.1, 14) 12.6 (—8.1, 30.3)
Central Europe 60,506 (53,805, 67,750) 41 (36.3, 46.2) 8.8(5.1,13.3) 1,148 (872, 1845) 0.6 (0.5, 1.1) | —26.7 (—44.1,18.5) 51,364 (40,325, 75,257) 32.7(25.6,48.1)  —21.1(—35.8,16.4)
Eastern Europe 57,320 (47,592, 67,240) 22(18.2,26) —15(—16.9, —13.3) 1,421 (942, 2,848) 0.5(0.3,1) —14.7 (—37.5,29.6) 69,170 (48,217, 125,154) 26.2 (18.3,47.6) | —14.2(-32.9,23.7)
Central Asia 28,520 (24,097, 32,799) 32.1(27.4,36.9) —2(-5.4,1.8) 146 (117, 223) 0.2(0.2,0.3) | —5.9(-21.9,31.8) 12,221 (9,341, 15,781) 13.8(10.7,17.6) | —3.9(—13.2,10.8)
North Africa and Middle 222,696 (190,733, 256,781) 39 (33.6,44.7) 11.5 (10, 12.8) 1,436 (1,176, 1814) 0.3(0.2,0.3) 5.1 (—25,47.6) 115,886 (93,053, 144,758) 19.9 (16.1,24.7) | 6.2 (-11.6, 30.5)
East

South Asia 136,608 (107,613, 167,811) 8(6.3,9.7) 14.3 (13,15.8) 2,915 (2,387, 3,672) 0.2(0.2,0.2) 8.2 (—18.3,64.4) 144,077 (119,712, 177,476) 8.6 (7.1,10.5) 10.3 (—11.7,47.5)
Southeast Asia 18,584 (14,181, 23,400) 2.6(2,3.2) 5.7(4.2,7.1) 771 (593, 1,106) 0.1(0.1,0.2) —6(—26.5,30.4) 32,510 (25,887, 44,139) 4.5 (3.6,6.1) —-10.9 (=30, 21.7)
East Asia 45,850 (35,804, 57,092) 2.4(1.9,3) 25.4(22.8,28.1) 1888 (1,527, 2,506) 0.1(0.1,0.1) | —27.5(-46.1,10.7) 75,175 (62,164, 95,960) 3.8(3.1,4.8) —24.4 (—41.9,11.1)
Oceania 201 (150, 258) 1.7(1.3,2.2) -1(-3.7,2) 8(6,12) 0.1(0.1,0.1) | —10.2(—28.3,16.8) 363 (264, 502) 3.5(2.5,4.8) —9.6 (—26.7, 14)
Western Sub-Saharan Africa 23,509 (18,611, 28,685) 7.8(6.3,9.2) 19.4 (16.7,22.8) 559 (439, 740) 0.2(0.2,0.3) 28.4(-7.3,86.2) 28,344 (22,716, 35,170) 9.9 (8,12.5) 28 (—4.3,70)
Eastern Sub-Saharan Africa 13,071 (9,911, 16,699) 4.7 (3.7,5.9) 4.8(3.7,6.1) 237 (136, 348) 0.1(0.1,0.2) 1.4 (-28.1,37.1) 12,717 (8,611, 17,089) 5.1(3.4,6.9) 1(-25,27.6)
Central Sub-Saharan Africa 3,665 (2,759, 4,617) 4.1(3.1,5.1) 6.4 (3.4,9.6) 79 (50, 123) 0.1(0.1,0.2) 4(-23.8,44.3) 4,031 (2,878, 5,787) 4.9(3.5,7.1) 4.4 (—20.8, 36.6)
Southern Sub-Saharan 5,667 (4,417, 7,047) 7.8 (6.1,9.5) 5(3.4,6.4) 87 (71, 104) 0.1(0.1,0.2) 4.2(-9.7,21.6) 4,686 (3,927, 5,553) 6.6 (5.6,7.8) 1.4 (-9.7,12.9)
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healthdata.org/gbd-results-tool).

Age-standardized point prevalence of multiple sclerosis per 100,000 population in 2019, by country. (Generated from data available from: http://ghdx.

regional-level, while Supplementary Figure 4 illustrates the estimated
number of MS-attributable death cases from 1990 to 2019 at the
regional-level.

In 2019, the largest age-standardized DALY rates due to MS were
recorded in High-income North America [49.3 (95% UI: 40.2 to
57.4)], Western Europe [43.5 (95% UI: 35.8 to 52.7)] and Central
Europe [32.7 (95% UL 25.6 to 48.1)]. Conversely, Oceania [3.5 (95%
UL 2.5 to 4.8)], East Asia [3.8 (95% UL 3.1 to 4.8)] and Southeast Asia
[45 (95% UL 3.6 to 6.1)] had the lowest (Table 1).
Supplementary Figure S5 depicts the sex-specific estimates for the
age-standardized DALY rate of MS in 2019 at the regional level, while
Supplementary Figure S6 shows the estimates for the number of
DALYs of MS from 1990 to 2019 also at the regional level.

Between 1990 and 2019, the most substantial increases in the
age-standardized point prevalence were seen in Australasia [43.2%
(95% UTI: 30.8 to 55.1)], Central Latin America [36.2% (95% UI: 32.9
to 40.5)], and Andean Latin America [32.9% (95% UI: 28.0 to 38.3)].
In contrast, Eastern Europe [—15.0% (95% UI: —16.9 to —13.3)] was
the only region to show a decline (Table 1). Regional-level,
sex-specific estimates for the proportional change in age-standardized
point prevalence of MS from 1990 to 2019 are presented in
Supplementary Figure S7.

The regions showed no significant changes in the age-standardized
1990 and 2019 (Table 1).
Supplementary Figure S8 illustrates the sex-specific figures for the

mortality rates between
proportional change in regional age-standardized mortality rates over
this period.

Between 1990 and 2019, Central Latin America [38.5% (95% UTI:
0.1 to 68.1)] stood out as the sole GBD region to exhibit a rise in the

age-standardized DALY rate of MS, while no regions recorded a
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decrease during this timeframe (Table 1). Supplementary Figure S9
presents regional-level, sex-specific estimates for the percentage
change in age-standardized DALY rates from 1990 to 2019.

Country level

In 2019, the age-standardized point prevalence of MS varied from
1.4 to 152.2 per 100,000. Sweden [152.2 (95% UI: 132.1 to 174.0)],
Norway [139.2 (95% UL 117.0 to 163.8)], and Canada [136.8 (95%
UI: 133.0 to 140.9)] had the largest age-standardized point prevalence
of MS. Conversely, the lowest were seen in Nauru [1.4 (95% UI: 1.1
to 1.8)], Papua New Guinea [1.6 (95% UTI: 1.2 to 2.0)], and Kiribati
[1.6 (95% UI: 1.2 to 2.0)] (Figure 1).

In 2019, the age-standardized mortality rate attributable to MS
varied from 0.1 to 1.3 per 100,000 population. The United Kingdom
[1.3 (95% UI: 1.0 to 1.6)], Denmark [1.1 (95% UI: 0.7 to 1.3)], and
Norway [1.0 (95% UL 0.5 to 1.2)] had the largest age-standardized
death rates due to MS. In contrast, Guam [0.1 (95% UI: 0.1 to 0.1)],
Singapore [0.1 (95% UI: 0.0 to 0.1)], and the Maldives [0.1 (95% UL
0.0 to 0.1)] had the smallest rates in 2019 (Figure 2).

In 2019, the age-standardized DALY rates due to MS varied from
2.9 to 67.5 per 100,000. The United Kingdom [67.5 (95% UI: 57.2 to
82.3)], Norway [64.5 (95% UL 45.5 to 79.4)], and Denmark [61.9
(95% UL 47.2 to 74.1)] recorded the largest age-standardized DALY
rates of MS. Conversely, the Maldives [2.9 (95% UL 1.7 to 4.8)],
Papua New Guinea [3.1 (95% UI: 2.0 to 4.5)], and Guam [3.1 (95%
UI: 2.6 to 3.9)] had the lowest (Figure 3).

Between 1990 and 2019,
age-standardized point prevalence of MS were found in Taiwan

the largest increases in the
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[169.4% (95% UT: 138.8 to 206.2)], Ghana [62.5% (95% UT: 49.9 to
79.1)], and Kuwait [59.7% (95% UI: 50.5 to 69.9)]. Conversely, the
largest declines during this period were seen in Hungary [—-22.7%
(95% UL —30.2 to —14.7)], Ukraine [—16.8% (95% UI: —20.6 to
—13.2)], and Uzbekistan [—16.2% (95% UL —21.5 to —10.0)]
(Supplementary Table S2).

Between 1990 and 2019, increases in the age-standardized
mortality rates attributed to MS were only seen in Kenya [35.6% (95%
UL 6.6 to 92.3)] and Belize [29.2% (95% UI: 2.2 to 80.4)]. In contrast,
decreases during this period were only seen in the Cook Islands
[—29.2% (95% UL: —47.6 to —4.9)] and the Republic of Korea [—25.0%
(95% UL —55.4 to —0.7)] (Supplementary Table S3).

Increases in the age-standardized DALY rate of MS, from 1990 to
2019, were observed in Mexico [50.2% (95% UI: 3.3 to 91.0)], Greece
[48.0% (95% UT: 4.8 to 77.1)] and Kuwait [38.2% (95% UL 21.1 to
58.7)]. In contrast, only the Cook Islands [—25.2% (95% UI: —44.5 to
—0.6)] recorded a decrease (Supplementary Table S4).

Sex and age patterns

In 2019, the worldwide point prevalence of MS increased for both
sexes until reaching the 55-59 age range, after which it stabilized.
Globally, the number of prevalent cases in both sexes rose with age,
peaking in 45-49 age range before declining to the 95+ age range.
Moreover, females exhibited a higher point prevalence and a greater
total number of prevalent cases than males across all age ranges,
except for 5-19 age range (Figure 4).

In 2019, the worldwide mortality rate due to MS increased with age
for both males and females, with the number of deaths peaking in the

10.3389/fneur.2024.1448377

55-59 age range before declining to the oldest age range. The mortality
rate and the total number of deaths showed no significant sex
differences (Supplementary Figure S10). Additionally, in 2019, the
global DALY rate attributable to MS for both sexes rose up to the 55-59
age range, while the total DALY rose until the 50-54 age range, before
both decreased to the 95+ age range. Women exhibited higher DALY
rates than males in the 20-29 and 85+ age groups, and higher total
DALYs in the 20-29 and 65+ age range (Supplementary Figure S11).

MS burden by SDI

Regionally, a non-linear relationship was observed between the
age-standardized DALY rate of MS and the SDI from 1990 to 2019.
The burden of MS rose slightly up to an SDI of 0.6, followed by a
dramatic increase to an SDI of 0.8, then decreased with further
increases in SDI. Regions such as High-income North America,
Western Europe, North Africa and Middle East, and Western
Sub-Saharan Africa displayed higher than expected DALY rates from
1990 to 2019. Conversely, High-income Asia Pacific, Andean Latin
America, Central Latin America, Southeast Asia, East Asia, Oceania,
Central Sub-Saharan Africa, and Southern Sub-Saharan Africa
exhibited levels that were lower than expected across the measurement
period (Figure 5).

In 2019, a clear linear positive association was evident between the
age-standardized DALY rates due to MS and the SDIs of the 204
countries and territories. The burden of MS remained stable up to an
SDI of 0.6, then dramatically increased to the highest SDI levels.
Countries and territories, such as the United Kingdom, Norway,
Denmark, Canada, Afghanistan, Albania and Ghana exhibited
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significantly higher than expected burdens. In contrast, Japan, Deaths and DALYs due to smoki ng

Singapore, Guam, the Republic of Korea, American Samoa, China and
Dominica had burdens that were lower than expected The global proportion of MS-related DALYs and deaths that were
(Supplementary Figure S12). due to smoking exhibited similar patterns among the different age
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groups. The global percentage of MS related DALY's that were due to
smoking increased up to the 50-54 (24.6%) and 55-59 (12.7%) age
ranges in men and women, respectively, then declined with advancing
age (Supplementary Figure S13). Likewise, the global percentage of
MS related deaths that were attributable to smoking increased up to
the 50-54 (24.9%) and 55-59 (12.2%) age ranges in men and woman,
respectively, with age
(Supplementary Figure S14). Additionally, across all age groups, males
had a higher percentage of MS-related deaths and DALY that were
due to smoking, compared to females.

The percentage of MS-related deaths and DALY that were due
to smoking were similar across GBD regions. In males, East Asia
(32.2%), Eastern Europe (30.9%) and Central Europe (25.6%) had
the largest proportion of DALYs due to smoking, while Andean
Latin America (8.1%), Western Sub-Saharan Africa (9.0%), and
Sub-Saharan  Africa (10.2%) had the lowest
(Supplementary Figure S15). For females, Central Europe (17.0%),
Western Europe (14.5%), and High-income North America (14.3%)
had the largest percentage of DALY's due to smoking, while Western
Sub-Saharan Africa (1.1%), Central Sub-Saharan Africa (1.2%), and
Eastern Sub-Saharan Africa (1.8%) had the lowest percentages
(Supplementary Figure S15).

The percentage of MS-related deaths that were attributed to
smoking varied across the GBD regions. In males, East Asia (31.8%),
Eastern Europe (30.8%), and Southeast Asia (25.2%) had largest
percentage of deaths that were attributable to smoking, while Andean
Latin America (8.1%), Western Sub-Saharan Africa (8.9%), and
Central  Sub-Saharan  Africa (10.3%) had the lowest
(Supplementary Figure S16). For females, Central Europe (15.3%),
High-income North America (13.3%), and Southern Latin America
(13.2%) had the largest percentage of deaths attributable to smoking,
while Western Sub-Saharan Africa (1.1%), Central Sub-Saharan

before  decreasing advancing

Eastern
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Africa (1.3%), and Andean Latin America (1.7%) had the smallest
percentages (Supplementary Figure S16).

Discussion

The findings from our research revealed substantial reductions in
the global MS rates over the past 30 years. In 2019, the prevalence of
MS was consistently higher in women compared to men in all age
groups. Additionally, the correlation between MS rates and
socioeconomic development exhibited regional variations and did not
adhere to a straightforward linear trend. This suggests that the
relationship between MS prevalence and socioeconomic factors is
complex and influenced by various regional dynamics.

The worldwide age-standardized rate of MS was 21.3 per
100,000 in 2019. Among the different regions, the highest point
prevalence was seen in High-income North America, while Oceania
had the lowest. According to Walton et al’s research, the global
number of individuals diagnosed with MS reached 2.8 million in
2020, marking a 30% increase since 2013. The worldwide prevalence
for that year stood at 35.9 per 100,000 people, and this surge in the
prevalence of MS occurred in all global regions (7). Of the 81
countries with data from both years, only 14% indicated a consistent
or decreasing prevalence rate (7). Another study reported 2.2 million
cases of MS globally in 2016, reflecting a 10.4% rise in the
age-standardized point prevalence since 1990 (13). However, our
study showed a decline in the age-standardized point prevalence of
MS from 1990 to 2019. This difference may be as a result of
advancements in the modeling techniques and the sources of data
used in GBD 2019 and 2016. These advanced methods may have
addressed data inconsistencies or refined the identification and
counting of cases, potentially leading to a lower estimate of MS
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prevalence. However, this conclusion has limitations. The study
might have overlooked factors such as regional disparities in
healthcare access, under-reporting of MS cases in low-resource
settings, and varying rates of misdiagnosis. Additionally,
advancements in diagnostic tools do not always result in immediate
changes in global data, particularly in countries with limited
diagnostic capabilities. This inconsistency between findings and
widespread evidence should prompt further investigation into the
study’s methodology, potential biases, and limitations in data
coverage or quality. Future GBD iterations should evaluate whether
this declining trend will persist in the upcoming years, particularly
after the coronavirus disease 2019 pandemic.

Our study revealed a higher prevalence of MS in women
compared to men, with this difference being particularly pronounced
among the elderly population. The increased likelihood of MS in
women suggests the influence of sex-related factors, including
hormones, genetics, environment influences, and epigenetics
mechanisms. Despite the higher incidence rates and stronger
immune responses observed in women, their prognosis does not
appear to be worse than that of men. This indicates the presence of
resilience mechanisms that may help mitigate disease progression
(24, 25). Previous research has consistently shown that females are
more susceptible to MS than males, with a prevalence ratio of
roughly 3:1 (26-28). This pattern underscores the heightened
susceptibility of females to several autoimmune conditions.
However, women exhibit more robust immune reactions than men,
responding more strongly to both endogenous and exogenous
antigens, a pattern that has been observed across several species
(29). Gender-specific differences can be attributable to sex
chromosomes and hormonal influences (24, 29). These differences
are reflected in antibody responses, CD4+ lymphocyte counts,
cytokine productions and the impact of sexual hormones, which
together contribute to the stronger immune responses seen in
women, as well as their increased susceptibility to autoimmune
diseases (27). Considering the impact of sex on disease prevalence
and severity, it is important to implement novel sex-specific
perspectives, recommendations, strategies, and therapies in disease
prevention and treatment to improve outcomes (30).

Generally, the age-standardized DALY rate of MS tended to rise
with increasing SDI levels, a pattern evident at both the regional and
national levels. A study investigating the relationship between
socioeconomic status and the progression and outcomes of MS,
drawing data from cohorts in Canada and Wales, revealed a
significant association between higher socioeconomic status and a
reduced risk of severe disability progression. Specifically, those with
better socioeconomic support had a lower risk of reaching significant
disability milestones and transitioning to a more advanced stage of
MS. Conversely, MS patients from lower socioeconomic backgrounds
had a higher likelihood of experiencing a deterioration in their
condition (31). Furthermore, a study involving 1.5 million Danes
born between 1966 and 1992, explored the link between childhood
socioeconomic status and the risk of MS from 1981 to 2007. The
analysis considered household income and parental education levels
when participants were 15 years old. While no significant correlation
was found between childhood socioeconomic status and MS, a subtle
trend indicated a reduced MS risk among children of better-educated
parents, particularly mothers. Specifically, children whose mothers
had completed secondary education experienced a 5% lower risk of
developing MS, while those whose mothers achieved higher
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education had a 14% reduced risk (32). Furthermore, a systematic
review encompassing 21 studies from 13 countries examined the
association between MS and socioeconomic status. The findings from
five studies conducted in countries with high inequality revealed an
association between high socioeconomic status and MS. In contrast,
16 studies from more egalitarian countries found either no
association or a link with low socioeconomic status. The link between
high socioeconomic status and increased MS risk appears stronger in
nations with greater inequality. However, the failure of many studies
to control for other MS risk factors makes it challenging to draw
definitive conclusions (33).

The percentage of MS-related deaths that were attributable to
smoking rose with age, peaking in the 55-59-year-old age group.
Cigarette smoking is known to initiate a pro-inflammatory reaction
in the lungs, potentially increasing the risk of MS by fostering a
possible cross-reactivity between lung and myelin antigens.
Moreover, some compounds found in cigarette smoke might
directly damage neurons. Among MS patients who smoke, there is
evidence of more aggressive disease activity, accelerated brain
degeneration, and increased disability (34). In-depth studies of the
mechanisms connecting smoking and the deterioration of MS are
urgently needed. However, it is clear that reducing smoking rates
among MS patients is crucial (34). Additionally, another study
highlighted that smokers demonstrated an elevated risk of MS
progression (35). In a case—control study involving 9,419 MS
patients, it was revealed that 13.1% of MS cases could be attributed
to smoking. The attributable risk was higher in men (19.1%) than
women (10.6%), while ex-smokers exhibited a minimal risk (0.6%).
The study also found that avoiding tobacco smoking could
potentially prevent at least 13% of MS cases (36). Another meta-
analysis suggested that smoking has a causal role in both the onset
and progression of MS. In light of this, anti-smoking campaigns
should highlight MS as a significant health concern to underscore
the importance of reducing smoking rates (37). Therefore,
preventive programs targeting smoking could potentially reduce the
incidence and burden of MS in the coming years. Furthermore,
there are additional risk factors for MS, such as vitamin D deficiency
(38), excess body weight (39), and insuflicient physical activity (40,
41) that could be considered in the development of preventive
programs for MS. Additionally, nutrition and diet may influence the
development and progression of MS by impacting gut bacteria,
enzyme functions, and factors related to vascular issues in MS
patients. Studies suggest that a balanced diet, coupled with a healthy
lifestyle, can improve various clinical indicators and elevate quality
of life for individuals with MS (42). The risk of developing MS is
influenced by genetics, and the primary genes associated with this
risk are located within the major histocompatibility complex (43).
It is important to acknowledge that MS is a multifactorial disease
that is influenced by a combination of environmental and genetic
factors. Unlike genetic determinants, environmental elements and
lifestyle choices are modifiable risk factors. Therefore, making
lifestyle modifications, maintaining a healthy weight, adding
vitamin D supplements and increasing physical activity can help to
prevent the onset of MS, as well as its progression (44).

Standard treatments for MS have traditionally aimed to manage
symptoms and slow disease progression. Among these treatments,
disease-modifying therapies (DMTs) like interferon beta and glatiramer
acetate are commonly prescribed to reduce the frequency of relapses.
Corticosteroids, like methylprednisolone, are employed during acute MS
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flare-ups to reduce inflammation. Additionally, physical therapy and
treatments addressing fatigue and spasticity play crucial roles in
comprehensive MS management (45, 46). Over the years, novel MS
therapies have dramatically transformed the disease burden, particularly
with the approval of B cell-targeted treatments, such as anti-CD20
therapies in high-income regions. Without considering the impact of
these disease-modifying therapies, it is difficult to fully assess the overall
burden of the disease. The reduction in MS burden is largely due to
advancements in its management, especially the recognition of B cells key
role in the pathogenesis of the disorder. B cells contribute to MS by
activating pro-inflammatory T cells, secreting cytokines, and producing
myelin-targeting autoantibodies. Therapies targeting B cell depletion,
notably anti-CD20 monoclonal antibodies, have emerged as effective
treatments. Ocrelizumab, an anti-CD20 therapy, has demonstrated
significant success in reducing relapse rates and radiological markers in
relapsing-remitting MS (RRMS), as well as lowering disability progression
in primary progressive MS (PPMS). In 2017, Ocrelizumab became the
first FDA-approved treatment for PPMS, marking a significant milestone
in MS treatment (5, 47, 48).

This study has several limitations that should be considered. Firstly,
the reliance on data sourced from the Global Burden of Disease study may
be problematic, as it may not fully capture the true global and regional
variation in multiple sclerosis (MS) rates. Inaccuracies in data collection
from underdeveloped regions with limited healthcare infrastructure,
along with the lack of comprehensive national studies in wealthier
countries, can skew the reported prevalence and burden of MS. The use
of GBD prediction models, which may lack critical variables necessary for
a comprehensive risk assessment, could lead to incomplete or biased
conclusions about the distribution and risk factors of MS. Another
limitation arises from the absence of reliable predictive factors for MS,
hindering thorough population-based risk evaluations. This issue is partly
due to the scarcity of extensive longitudinal data on neurological disability
that accurately represents the diverse demographics of multiple sclerosis.
Thirdly, the GBD study focused solely on smoking as an attributable risk
factor for MS, neglecting other potential risk factors such as obesity and
nutritional deficiencies. This narrow focus may overlook the complex
interplay of factors like obesity, nutrition, and physical activity, potentially
introducing bias in assessing the full spectrum of modifiable risks
associated with MS.

Conclusion

Despite a decline in the age-standardized rate of MS over the period
1990-2019, the disease continues to impose a substantial burden, with a
significant number of DALY's and prevalent cases. Moreover, about 14%
of the MS burden is due to smoking and this figure is even higher among
men. Therefore, healthcare planning and resource distribution should
take into account MS and its associated risk factors, particularly in areas
with high levels of socioeconomic development.
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SUPPLEMENTARY FIGURE S1

The age-standardized point prevalence of multiple sclerosis per 100000
population in 2019 for the 21 Global Burden of Disease regions, by sex.
(Generated using data available from: https://ghdx.healthdata.org/gbd-
results-tool).

SUPPLEMENTARY FIGURE S2

Number of prevalent cases of multiple sclerosis from 1990 to 2019 for the 21
Global Burden of Disease regions. (Generated using data available from:
https://ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE $3

The age-standardized death rate of multiple sclerosis per 100 000 population
in 2019 for the 21 Global Burden of Disease regions, by sex. (Generated using
data available from: https://ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE S4

Number of deaths of multiple sclerosis from 1990 to 2019 for the 21 Global
Burden of Disease regions. (Generated using data available from: https://
ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE S5

The age-standardized disability-adjusted life years (DALYs) rate of multiple
sclerosis per 100 000 population in 2019 for the 21 Global Burden of Disease
regions, by sex. (Generated using data available from: https://ghdx.
healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE S6
Number of disability-adjusted life years (DALYs) of multiple sclerosis
from 1990 to 2019 for the 21 Global Burden of Disease regions.
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of Disease regions, by sex. (Generated using data available from: https://
ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE S10

Global number of death cases and age-standardized death rate of multiple
sclerosis per 100 000 population by age and sex, 2019; dotted and dashed
lines indicate 95% upper and lower Uls, respectively. (Generated using data
available from: https://ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE S11

Global number of disability-adjusted life years (DALYs) and age-standardized
disability-adjusted life years (DALYs) rate of multiple sclerosis per 100 000
population by age and sex, 2019; dotted and dashed lines indicate 95% upper
and lower Uls, respectively. (Generated using data available from: https://
ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE S12

age-standardized DALY rates of multiple sclerosis per 100000 population for
the 204 countries and territories and sociodemographic Index, 2019; expected
values are shown as the black line. DALY, disability-adjusted life year. (Generated
using data available from: https://ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE 513

Percentage of multiple sclerosis-related age-standardized DALYs that were
due to smoking for the 21 Global Burden of Disease regions, by sex and age,
2019. DALY, disability-adjusted life year. (Generated using data available from:
https://ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE S14

Percentage of multiple sclerosis-related age-standardized deaths that were
attributable to smoking for the 21 Global Burden of Disease regions, by sex
and age, 2019. DALY, disability-adjusted life year. (Generated using data
available from: https://ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE S15

Percentage of multiple sclerosis-related age-standardized DALYs that were
due to smoking for the 21 Global Burden of Disease regions, by sex and
region, 2019. DALY, disability-adjusted life year. (Generated using data
available from: https://ghdx.healthdata.org/gbd-results-tool).

SUPPLEMENTARY FIGURE 516

Percentage of multiple sclerosis-related age-standardized deaths that were
due to smoking for the 21 Global Burden of Disease regions, by sex and
region, 2019. DALY, disability-adjusted life year. (Generated using data
available from: https://ghdx.healthdata.org/gbd-results-tool).

6. Thompson AJ, Baranzini SE, Geurts ], Hemmer B, Ciccarelli O. Multiple sclerosis.
Lancet. (2018) 391:1622-36. doi: 10.1016/S0140-6736(18)30481-1

7. Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie RA, et al. Rising prevalence
of multiple sclerosis worldwide: insights from the atlas of MS, 3rd edition. Mult Scler.
(2020) 26:1816-21. doi: 10.1177/1352458520970841

8. Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, Vukusic S, et al. Multiple sclerosis.
Nat Rev Dis Prim. (2018) 4:43. doi: 10.1038/s41572-018-0041-4

9. Smyrke N, Dunn N, Murley C, Mason D. Standardized mortality ratios in multiple
sclerosis: systematic review with meta-analysis. Acta Neurol Scand. (2022) 145:360-70.
doi: 10.1111/ane.13559

10. Paz-Zulueta M, Paréds-Bravo P, Cantarero-Prieto D, Bldzquez-Ferndndez C,
Oterino-Durdn A. A literature review of cost-of-illness studies on the economic burden
of multiple sclerosis. Mult Scler Relat Disord. (2020) 43:102162. doi: 10.1016/j.
msard.2020.102162

frontiersin.org


https://doi.org/10.3389/fneur.2024.1448377
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1448377/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1448377/full#supplementary-material
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1016/S0140-6736(23)01473-3
https://doi.org/10.1016/S0140-6736(23)01473-3
https://doi.org/10.1007/s10072-021-05165-7
https://doi.org/10.1007/s10072-021-05165-7
https://doi.org/10.1007/s10072-010-0438-7
https://doi.org/10.1080/17474124.2019.1544890
https://doi.org/10.7224/1537-2073.2021-007
https://doi.org/10.1016/S0140-6736(18)30481-1
https://doi.org/10.1177/1352458520970841
https://doi.org/10.1038/s41572-018-0041-4
https://doi.org/10.1111/ane.13559
https://doi.org/10.1016/j.msard.2020.102162
https://doi.org/10.1016/j.msard.2020.102162

Safiri et al.

11. Dahham J, Rizk R, Kremer I, Evers SMAA, Hiligsmann M. Economic burden of
multiple sclerosis in low- and middle-income countries: a systematic review.
PharmacoEconomics. (2021) 39:789-807. doi: 10.1007/s40273-021-01032-7

12. Feigin VL, Nichols E, Alam T, Bannick MS, Beghi E, Blake N, et al. Global,
regional, and national burden of neurological disorders, 1990-2016: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet Neurol. (2019) 18:459-80.
doi: 10.1016/S1474-4422(18)30499-X

13. Wallin MT, Culpepper WJ, Nichols E, Bhutta ZA, Gebrehiwot TT, Hay SI, et al.
Global, regional, and national burden of multiple sclerosis 1990-2016: a systematic
analysis for the global burden of disease study 2016. Lancet Neurol. (2019) 18:269-85.
doi: 10.1016/S1474-4422(18)30443-5

14.Kang S, Eum S, Chang Y, Koyanagi A, Jacob L, Smith L, et al. Burden of
neurological diseases in Asia from 1990 to 2019: a systematic analysis using the global
burden of disease study data. BMJ Open. (2022) 12:e059548. doi: 10.1136/
bmjopen-2021-059548

15. Collaborators GUND. Burden of neurological disorders across the US from
1990-2017: a Global Burden of Disease Study. JAMA Neurol. (2021) 78:165-76. doi:
10.1001/jamaneurol.2020.4152

16. Deuschl G, Beghi E, Fazekas F, Varga T, Christoforidi KA, Sipido E, et al. The
burden of neurological diseases in Europe: an analysis for the global burden of Disease
study 2017. Lancet Public Health. (2020) 5:¢551-67. doi: 10.1016/52468-2667(20)30190-0

17. Singh G, Sharma M, Kumar GA, Rao NG, Prasad K, Mathur P, et al. The burden
of neurological disorders across the states of India: the Global Burden of Disease Study
1990-2019. Lancet Glob Health. (2021) 9:e1129-44. doi: 10.1016/52214-109X(21)00164-9

18.Li M, Zhou N, Duan S, Zhong H, Jiang R, Yuan N. Burden and trends of multiple
sclerosis in China from 1990 to 2019: a systematic analysis for the Global Burden of
Disease Study 2019. BM] Open. (2022) 12:€066335. doi: 10.1136/bmjopen-2022-066335

19. Qian Z, Li Y, Guan Z, Guo P, Zheng K, Du Y, et al. Global, regional, and national
burden of multiple sclerosis from 1990 to 2019: findings of global burden of disease
study 2019. Front Public Health. 11:1073278. doi: 10.3389/fpubh.2023.1073278

20. Collaborators GBDRE. Global burden of 87 risk factors in 204 countries and
territories, 1990-2019: a systematic analysis for the global burden of Disease study 2019.
Lancet. (2020) 396:1223-49. doi: 10.1016/S0140-6736(20)30752-2

21. Diseases GBD, Injuries C. Global burden of 369 diseases and injuries in 204
countries and territories, 1990-2019: a systematic analysis for the global burden of
Disease study 2019. Lancet. (2020) 396:1204-22. doi: 10.1016/S0140-6736(20)30925-9

22. Wang Y. Smoothing splines: methods and applications. New York: Chapman and
Hall/CRC (2019).

23. Disease GBD, Injury I, Prevalence C. Global, regional, and national incidence,
prevalence, and years lived with disability for 354 diseases and injuries for 195 countries
and territories, 1990-2017: a systematic analysis for the global burden of Disease study
2017. Lancet. (2018) 392:1789-858. doi: 10.1016/50140-6736(18)32279-7

24. Voskuhl RR, Gold SM. Sex-related factors in multiple sclerosis susceptibility and
progression. Nat Rev Neurol. (2012) 8:255-63. doi: 10.1038/nrneurol.2012.43

25. Harbo HE, Gold R, Tintoré M. Sex and gender issues in multiple sclerosis. Ther
Adv Neurol Disord. (2013) 6:237-48. doi: 10.1177/1756285613488434

26. Koch-Henriksen N, Serensen PS. The changing demographic pattern of multiple
sclerosis  epidemiology. Lancet Neurol. (2010) 9:520-32. doi: 10.1016/
$1474-4422(10)70064-8

27. Whitacre CC. Sex differences in autoimmune disease. Nat Immunol. (2001)
2:777-80. doi: 10.1038/ni0901-777

28. Gold SM, Willing A, Leypoldt F, Paul E, Friese MA. Sex differences in autoimmune
disorders of the central nervous system. Semin Immunopathol. (2019) 41:177-88. doi:
10.1007/500281-018-0723-8

Frontiers in Neurology

12

10.3389/fneur.2024.1448377

29. Voskuhl RR, Patel K, Paul E, Gold SM, Scheel M, Kuchling J, et al. Sex differences
in brain atrophy in multiple sclerosis. Biol Sex Differ. (2020) 11:49. doi: 10.1186/
513293-020-00326-3

30. Coyle PK. What can we learn from sex differences in MS? J Pers Med. (2021)
11:1006. doi: 10.3390/jpm11101006

31. Harding KE, Wardle M, Carruthers R, Robertson N, Zhu F, Kingwell E, et al.
Socioeconomic status and disability progression in multiple sclerosis: a multinational
study. Neurology. (2019) 92:e1497-506. doi: 10.1212/WNL.0000000000007190

32. Nielsen NM, Jorgensen KT, Bager P, Stenager E, Pedersen BV, Hjalgrim H, et al.
Socioeconomic factors in childhood and the risk of multiple sclerosis. Am ] Epidemiol.
(2013) 177:1289-95. doi: 10.1093/aje/kws350

33. Goulden R, Ibrahim T, Wolfson C. Is high socioeconomic status a risk factor for
multiple sclerosis? A systematic review. Eur ] Neurol. (2015) 22:899-911. doi: 10.1111/
ene.12586

34. Rosso M, Chitnis T. Association between cigarette smoking and multiple sclerosis:
a review. JAMA Neurol. (2020) 77:245-53. doi: 10.1001/jamaneurol.2019.4271

35. Hempel S, Graham GD, Fu N, Estrada E, Chen AY, Miake-Lye I, et al. A systematic
review of modifiable risk factors in the progression of multiple sclerosis. Mult Scler.
(2017) 23:525-33. doi: 10.1177/1352458517690270

36. Manouchehrinia A, Huang J, Hillert J, Alfredsson L, Olsson T, Kockum I, et al.
Smoking attributable risk in multiple sclerosis. Front Immunol. (2022) 13:840158. doi:
10.3389/fimmu.2022.840158

37. Arneth B. Multiple sclerosis and smoking. Am ] Med. (2020) 133:783-8. doi:
10.1016/j.amjmed.2020.03.008

38.Sintzel MB, Rametta M, Reder AT. Vitamin D and multiple sclerosis: a
comprehensive review. Neurol Ther. (2018) 7:59-85. doi: 10.1007/s40120-017-0086-4

39. Gianfrancesco MA, Barcellos LE. Obesity and multiple sclerosis susceptibility: a
review. ] Neurol Neuromed. (2016) 1:1-5. doi: 10.29245/2572.942X/2016/7.1064

40. Pedulla L, Santoyo-Medina C, Novotna K, Moumdjian L, Smedal T, Arntzen EC,
et al. Physical activity in multiple sclerosis: meeting the guidelines at the time of the
COVID-19 pandemic. J Neurol Phys Ther. (2023) 47:112-21. doi: 10.1097/
NPT.0000000000000430

41. Proschinger S, Kuhwand P, Rademacher A, Walzik D, Warnke C, Zimmer P, et al.
Fitness, physical activity, and exercise in multiple sclerosis: a systematic review on
current evidence for interactions with disease activity and progression. ] Neurol. (2022)
269:2922-40. doi: 10.1007/s00415-021-10935-6

42. Stoiloudis P, Kesidou E, Bakirtzis C, Sintila SA, Konstantinidou N, Boziki M, et al.
The role of diet and interventions on multiple sclerosis: a review. Nutrients. (2022)
14:1150. doi: 10.3390/nu14061150

43. Balcerac A, Louapre C. Genetics and familial distribution of multiple sclerosis: a
review. Rev Neurol. (2022) 178:512-20. doi: 10.1016/j.neurol.2021.11.009

44. Ascherio A, Munger KL, Liinemann JD. The initiation and prevention of multiple
sclerosis. Nat Rev Neurol. (2012) 8:602-12. doi: 10.1038/nrneurol.2012.198

45. McGinley MP, Goldschmidt CH, Rae-Grant AD. Diagnosis and treatment of
multiple sclerosis: a review. JAMA. (2021) 325:765-79. doi: 10.1001/jama.2020.26858

46. Hauser SL, Cree BAC. Treatment of multiple sclerosis: a review. Am J Med. (2020)
133:1380-90.¢2. doi: 10.1016/j.amjmed.2020.05.049

47. Mulero P, Midaglia L, Montalban X. Ocrelizumab: a new milestone in multiple
sclerosis therapy. Ther Adv Neurol Disord. (2018) 11:1756286418773025. doi:
10.1177/1756286418773025

48. D'Amico E, Zanghi A, Gastaldi M, Patti F, Zappia M, Franciotta D. Placing CD20-
targeted B cell depletion in multiple sclerosis therapeutic scenario: present and future
perspectives. Autoimmun Rev. (2019) 18:665-72. doi: 10.1016/j.autrev.2019.05.003

frontiersin.org


https://doi.org/10.3389/fneur.2024.1448377
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1007/s40273-021-01032-7
https://doi.org/10.1016/S1474-4422(18)30499-X
https://doi.org/10.1016/S1474-4422(18)30443-5
https://doi.org/10.1136/bmjopen-2021-059548
https://doi.org/10.1136/bmjopen-2021-059548
https://doi.org/10.1001/jamaneurol.2020.4152
https://doi.org/10.1016/S2468-2667(20)30190-0
https://doi.org/10.1016/S2214-109X(21)00164-9
https://doi.org/10.1136/bmjopen-2022-066335
https://doi.org/10.3389/fpubh.2023.1073278
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1038/nrneurol.2012.43
https://doi.org/10.1177/1756285613488434
https://doi.org/10.1016/S1474-4422(10)70064-8
https://doi.org/10.1016/S1474-4422(10)70064-8
https://doi.org/10.1038/ni0901-777
https://doi.org/10.1007/s00281-018-0723-8
https://doi.org/10.1186/s13293-020-00326-3
https://doi.org/10.1186/s13293-020-00326-3
https://doi.org/10.3390/jpm11101006
https://doi.org/10.1212/WNL.0000000000007190
https://doi.org/10.1093/aje/kws350
https://doi.org/10.1111/ene.12586
https://doi.org/10.1111/ene.12586
https://doi.org/10.1001/jamaneurol.2019.4271
https://doi.org/10.1177/1352458517690270
https://doi.org/10.3389/fimmu.2022.840158
https://doi.org/10.1016/j.amjmed.2020.03.008
https://doi.org/10.1007/s40120-017-0086-4
https://doi.org/10.29245/2572.942X/2016/7.1064
https://doi.org/10.1097/NPT.0000000000000430
https://doi.org/10.1097/NPT.0000000000000430
https://doi.org/10.1007/s00415-021-10935-6
https://doi.org/10.3390/nu14061150
https://doi.org/10.1016/j.neurol.2021.11.009
https://doi.org/10.1038/nrneurol.2012.198
https://doi.org/10.1001/jama.2020.26858
https://doi.org/10.1016/j.amjmed.2020.05.049
https://doi.org/10.1177/1756286418773025
https://doi.org/10.1016/j.autrev.2019.05.003

	Global burden of multiple sclerosis and its attributable risk factors, 1990–2019
	Introduction
	Methods
	Overview
	Case definition
	Fatal estimation
	Non-fatal estimation
	Severity and years lived with disability
	Compilation of results
	Risk factors

	Results
	Global level
	Regional level
	Country level
	Sex and age patterns
	MS burden by SDI
	Deaths and DALYs due to smoking

	Discussion
	Conclusion
	Author note

	References

