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Abstract

Background: An increasing trend has been observed in the prevalence of Multiple Sclerosis (MS)
globally. It is estimated that a total of 2.8 million people live with MS worldwide. In 2008, Chile
started a pilot program for the Modifying Therapy of MS, and its clinical practice guideline.
Aim: This study aims to analyse the trend of the MS mortality rate in Chile from 1997 to 2019
disaggregated by sex and latitude.

Methods: MS mortality data (ICD-10, G35) from 1997—-2019 were extracted from the Depart-
ment of Health Statistical Information and population data from the National Institute of
Statistics. Standardized mortality rates (SMRs) by age were calculated. The trend of the SMR
was analysed using Joinpoint and with RiskDiff the effect of the risk of dying, the structure,
and the size of the population on the crude mortality rate was evaluated.

Results: The trend of the TME has been decreasing significantly since 2005. When disaggregat-
ing by sex the decrease was not significant. According to latitude, the north and center south
have a significant decreasing trend; in the south, the decreasing trend is not significant. There
is an increase of 25% in the crude mortality rate due to the change in the structure of the
population and a decrease of 25.46% is attributed to the risk of dying.

Conclusion: The SMR due to MS in Chile during 1997—2019has decreased, in addition, a
decreasing SMR is evidenced only in the northern zone. The crude rate has increased as a
consequence of changes in the population, however, the risk of dying has decreased, especially
in men.

© 2024 Sociedad Espanola de Neurologia. Published by Elsevier Espana, S.L.U. This is an open
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Tendencia de la mortalidad por esclerosis multiple segin sexo: Chile 1997-2019

Introduccion: Se ha observado una tendencia creciente en la prevalencia de la esclerosis multi-
ple (EM) a nivel mundial. Se estima que un total de 2,8 millones de personas viven con EM en
todo el mundo. En 2008, Chile inicidé un programa piloto de Terapia Modificadora de la EM y su

Objetivo: Este estudio tiene como objetivo analizar la tendencia de la tasa de mortalidad por

Métodos: Los datos de mortalidad de EM (CIE-10, G35) de 1997 a 2019 se extrajeron del Depar-
tamento de Estadisticas e Informacion de Salud y los datos de poblacion del Instituto Nacional
de Estadistica. Se calcularon las tasas de mortalidad estandarizadas (TME) por edad. Se analizo
la tendencia de la TME mediante Joinpoint y con RiskDiff se evaluo el efecto del riesgo de
morir, la estructura y el tamano de la poblacion sobre la tasa bruta de mortalidad.
Resultados: La tendencia del TME ha sido decreciente significativamente desde 2005. Cuando
se desagrega por sexo el descenso no es significativo. Segln la latitud, el norte y centro sur
tienen una tendencia significativamente decreciente; en el sur, la tendencia decreciente no es
significativa. Se produce un aumento del 25% en la tasa bruta de mortalidad debido al cambio
en la estructura de la poblacion y una disminucion del 25,46% se atribuye al riesgo de morir.
Conclusidén: La TME por EM en Chile durante 1997—2019 ha disminuido, ademas, se evidencia
una TME decreciente solo en la zona norte. La tasa bruta ha aumentado como consecuencia de
los cambios en la poblacion, sin embargo, el riesgo de morir ha disminuido, especialmente en

© 2024 Sociedad Espanola de Neurologia. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la CC BY-NC-ND licencia (http://creativecommons.org/licencias/by-

PALABRAS CLAVE

Esclerosis multiple;

Mortalidad; Resumen

Chile
guia de practica clinica.
EM en Chile de 1997 a 2019 desagregada por sexo y latitud.
los hombres.
nc-nd/4.0/).

Introduction

Multiple sclerosis (MS) is a chronic, demyelinating, autoim-
mune disease of the central nervous system (CNS) white
matter. In MS, an inflammatory infiltrate causes myelin
destruction; the disease is associated with high rates of
morbidity and early mortality."?

The precise aetiology of MS remains unknown and may
be due to the interaction of several factors, such as loss of
autoimmunity caused by T and B cells that generate inflam-
mation and early neurodegeneration®*; genetic factors also
play a role, such as polymorphisms that are relevant in the
functioning or differentiation of T cells,” or the HLA-DRB1*15
allele, which interferes with antigen presentation in the
immune system.*> In turn, it also involves environmental
factors such as Epstein-Barr virus infection, smoking, and/or
low exposure to ultraviolet B light (UVB), resulting in vitamin
D deficiency.*>

MS prevalence is high in developed countries, with a
female-to-male ratio of 4:1.° It usually manifests at 20-40
years of age, with a median age at diagnosis of 32 years.®’
Furthermore, prevalence increases at higher latitudes, in
association with low exposure to UVB rays.*

A total of 2.80 million people live with MS worldwide
(35.90 cases per 100 000 population). Incidence amounts to
2.1 cases per 100 000 person-years, in 75 reporting coun-
tries. Europe reports the highest incidence, with 6.8 cases
per 100 000 population, followed by the Americas with
4.8, and South-East Asia and Africa with 0.4 each in 2020.4
Between 2013 and 2020, prevalence increased from 29.6% to

43.95% due to improvements in the diagnosis and treatment
of MS, and the number of individuals diagnosed.® In 2012,
incidence in Chile was estimated at 0.90 cases per 100 000
population, with a female-to-male ratio of 2:1.38

Although the pilot program for disease-modifying
treatment® and the clinical diagnostic guidelines for MS in
Chile were launched in 2008, no follow-up of MS mortal-
ity rates with a trend analysis has been performed to date.
This information would contribute to a better understand-
ing of the disease and to the implementation of prevention
policies. With this in mind, the aim of this study was to anal-
yse trends in MS mortality in Chile between 1997 and 2019,
disaggregated by sex and latitude. This trend analysis aims
to identify whether mortality due to MS has decreased in
association with risk factors and changes in diagnosis.

Material and methods
Study design and population

This is an ecological study of mortality in Chile between
1997-2019 (last year with available data) with MS reported
as the basic cause of death on death certificates (DC), with
code G35 according to the International Statistical Clas-
sification of Diseases and Related Health Problems, 10th
Revision (ICD-10)."" From the DC, we obtained information
on biological sex (man or woman). The Chilean Ministry
of Health, specifically the department of healthcare sta-
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tistical information, provided data on deaths. Data on the
Chilean population were obtained from census (1992, 2002,
2012, and 2017) and intercensus estimations. The previous
information was provided by the Chilean National Statistics
Institute. Age-standardised mortality rates (ASMR) for the
23-year period were calculated with the direct method using
the world standard population proposed by Segi.'”

Ethical standards

This study complies with ethical standards. ' Mortality rates
are public; therefore, no formal consent had to be obtained.

Statistical analysis

We analysed temporal trends in ASMR of MS in the period
1997-2019, using the Joinpoint regression program.'* This
software was developed by the US National Cancer Institute
to analyse data from the Surveillance Epidemiology and End
Results Program. The aim was to describe the changes in
trends. The program uses the registry of ASMR with self-
correlated random error, starting with 0 points of change
(a straight line) and continues trying up to a maximum of 4
points. Monte Carlo methods were used to determine statis-
tical relevance. The annual percentage of change (APC) in
ASMR was calculated with a 95% confidence interval. For the
analysis of ASMR by latitude, we studied the period 2002-
2019, as the population data per commune (the smallest
administrative subdivision in Chile) has only been available
since 2002. Two geographical areas were defined, from the
Arica y Parinacota Region (XV), between 17° and 19° lati-
tude, to the Magallanes Region (XIl), between 48° and 56°
latitude, with the cut-off point in La Araucania Region (IX),
between 37° and 39° latitude.

To assess the effect of demographic components (pop-
ulation size and structure by sex) and epidemiological
data (risk of developing a disease), we used the RiskDiff®
application.” This method, which is available through a
web-based application, was proposed by Bashir et al.® First,
the crude death rate per 100 000 population is calculated,
then the differences in crude death rates per year are disag-
gregated into the difference due to risk and the difference
due to population structure. This analysis was performed
for the crude mortality rate and for cases. Furthermore, we
conducted the analysis for the total population and disag-
gregated by sex.

Results

Between 1997 and 2019, 531 deaths were reported, of which
58.56% (n=311) were women. ASMR trends for the total
population showed a joinpoint with a statistically signifi-
cant downward trend from 2005 to 2019 (APC = —3.68; P=
.002); the trend from 1997 to 2005 was not significant (P=
.113). Deaths decreased from 0.16 to 0.09 deaths per 100
000 population between 2005 and 2019.

In the analysis by sex (Fig. 1), ASMR in women showed
a downward trend (APC = —1.18), but this was not statis-
tically significant (P= .303). The mortality rate decreased

from 0.12 to 0.09 deaths per 100 000 population between
1997 and 2019. ASMR in men showed a downward trend (APC
=—1.82), but this was not statistically significant (P= .053).
This rate decreased from 0.15 to 0.09 deaths per 100 000
population between 1997 and 2019. ASMR values for men
and women were disperse throughout the study period.

Analysis of the effect of demographic changes and the
risk of mortality in the total population revealed an upward
trend in the crude rate due to population structure, whereas
the risk of mortality due to MS and the total change
in the crude rate fluctuated (Fig. 2). Disaggregation by
sex revealed similar patterns. The total number of deaths
amounted to 20 in 1997 and 25 in 2019, which represents a
crude rate of 0.135 and 0.130 deaths per 100 000 population,
respectively. The net change in the crude rate amounts to
—0.004 deaths per 100 000 population (—3.29%). This can
be disaggregated into —0.038 deaths (—28.46%) due to a
decreased risk and 0.034 deaths (25.17%) due to changes
in population structure. The net change in the total num-
ber of deaths amounted to 5 deaths (25%), which may be
divided into —5.69 deaths (—28.46%) due to decreased risk;
5.03 (25.17%) due to changes in population structure, and
5.66 (28.19%) due to the increased population size.

Among women, the total number of deaths amounted to
10 in 1997 and 14 in 2019, which represents a crude rate of
0.133 and 0.144 deaths per 100 000 population, respectively.
The net change in crude rate amounted to 0.011 deaths
per 100 000 population (8.60%), which may be divided into
—0.011 deaths (—8.28%) due to decreased risk, and 0.022
deaths (16.88%) due to changes in population structure.
The net change amounted to 4 deaths (40%), which may be
divided into —0.82 deaths (—8.28%) due to decreased risk;
1.68 (16.88%) due to changes in population structure, and
3.13 (31.39%) due to the increased population size.

Among men, the total number of deaths amounted to
10 in 1997 and 11 in 2019, which represents a crude rate of
0.138 and 0.117 deaths per 100 000 population, respectively.
The net change in crude rate amounted to —0.02 deaths
per 100 000 population (—15.13%), which may be divided
into —0.06 deaths (—49.69%) due to decreased risk, and 0.04
deaths (34.56%) due to changes in population structure. The
net change amounted to one death (10%), which may be
divided into —4.96 deaths (—49.69%) due to decreased risk;
3.45 (34.56%) due to changes in population structure, and
2.51 (25.13%) due to the increased population size.

Trends in ASMR between 2002 and 2019 in the north of
the country showed statistically significant differences (P=
.002), with a decrease from 0.09 to 0.08 deaths per 100 000
(APC = —3.03) between 2002 and 2019 (Fig. 3). However, the
trend in ASMR in the south showed no statistically significant
differences (P= .376). We observed a decrease in rates (APC
=—1.80), amounting to 0.20 and 0.11 per 100 000 population
in 2002 and 2019, respectively. We should underscore that
ASMR in the north and central areas are more homogeneous
than in the south, where values are more disperse.

Discussion

Our study shows downward trends in ASMR for MS in men and
women, although we observed great variation in ASMR over
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Figure 1 Standardised mortality rates due to MS in Chile, estimated by joinpoint regression, for the total population, women,
and men, for the period 1997—2019.

843



J. Arriagada Opazo, V. Farah Gonzalez, M. Gonzalez Delgadillo et al.

Both sexes

== Changes in risk == Changes in population structure Overall change
40

Percentage change vs 1990
E H
d

-60
) N DS AR SO N AL NS e A LSS
PSS LS PPN NN NN
FEFFTPFTFLTHTFT LT TS TS S
Comparison year
Men
== Changes in risk == Changes in population structure Overall change
50

-

——T1 ]\

=

Percentage change vs 1990
H

-100
2000 2005 2010 2015
Comparison year
Women

= Changes in risk == Changes in population structure Overall change

150
o
(2]
(2]
w» 100
>
[0]
()]
8 50
S
o /NN
2 -
g [ /lv /RN
@ X \/\/
<
& \/

-50

2000 2005 2010 2015

Comparison year

Figure 2 Percentage change in crude death rate due to MS in the total population, women, and men in Chile during the period
1998-2019, with respect to the reference year 1997.

844



Neurologia 40 (2025) 840—848

North: 0 joinpoints South: 0 joinpoints
. * Observed . * Observed
T === 2002-2019 APC =-3.03" T === 2002-2019 APC = -1.80
- . . 1

2 2
[ s .
o > ]
Q @
7] (7]
S . b=
@ ° . 3 @ -
° k-]
[ =
© . ©
7] & .

Year Year

Figure 3  Standardised mortality rates due to MS in Chile, estimated by joinpoint regression, for the total population disaggregated

by latitude, for the period 2002-2019.

the study period. When analysing the total population, we
observed a downward trend from 2005. When disaggregat-
ing by latitude, a significant downward trend was observed
in the northern and central regions, but not in the south.
Finally, we observed a 25% increase in the crude mortal-
ity rate, due to a decrease in the risk of death due to MS
(—28.46%), a change in the population structure (25.17%),
and increased population size (28.29%).

The decreasing trend in mortality due to MS for both sexes
began in 2005; this may be due to 3 reasons: a decrease in
the prevalence of risk factors, improvements in diagnosis,
and/or improvements in treatment.

Whereas risk factors do not directly influence the mor-
tality rate, they may worsen disease progression and,
consequently, outcomes. In this line, migration studies have
shown that environmental factors prevail over genetics.*
Thus, smoking, obesity, and the climate at high latitudes,
with limited hours of sun exposure (associated with low
levels of vitamin D),"” increase the risk of developing MS.
In Chile, the prevalence of overweight, obesity, and mor-
bid obesity has increased from 64.50% in 2009-2010'¢ to
73.60% in 2016-2017."° Smoking has decreased from 43.40%
in 2009-2010 to 36.50% in 2016-2017, and is more preva-
lent in men (37.80% in 2016-2017) than in women (29.10%
in 2016-2017).%° Although the prevalence of smoking has
decreased, it remains high. Furthermore, the prevalence
of vitamin D deficiency amounted to 20.80% in 2016-2017
among adults aged < 64 years.' Thus, considering that the
Chilean population displays high exposure to risk factors, the
downward trend observed since 2005 cannot be attributed
to a decrease in risk factors.

Diagnosis of MS was established using the 2001 McDon-
ald criteria, which requires demonstration of dissemination
in time (DIT) and in space (DIS) in separate events, with
no other possible diagnoses.?' These criteria were updated
in 2005, 2010, and 2017.%% In 2005, abnormal MRI findings
in studies performed 30 days apart were implemented as
a criterion??; however, as only the number of lesions was
evaluated, this was complicated for those with no neuro-
radiological experience.?’ The 2010 update is focused on
showing DIS in the number of lesions and in their location.?!

The 2017 update includes CSF oligoclonal banding, which
enables diagnosis of MS after the first clinical event, increas-
ing diagnostic sensitivity and specificity.?23 In this area, the
implementation of MRI has been essential. MRI first became
available in Chile in 1989 thanks to private initiatives,*
and began to be used in public hospitals in 2004.%° In 2014,
the Chilean Society of Radiology and the Chilean Ministry of
Health reported that there were 120 MRI machines in Chile,
14 of which belonged to the public healthcare system.?
This reflects the inequality and the delay in the diagno-
sis of patients treated within the public healthcare system
(approximately 78% of the population, according to the lat-
est Chilean national census of 2017),%” which may have
influenced the decrease in ASMR observed from 2005, as MRI
is more easily available.

In clinical practice, the most recent McDonald criteria
are used in Chile. This is relevant, as early administration
of disease-modifying therapies prevents relapses and future
disabilities; therefore, early diagnosis is crucial to reduce
complications and mortality due to MS.%?2 As the updates
published since 2005 have been implemented in Chile, the
resulting improvement in diagnosis in that period may have
been a cause of the decrease in ASMR.

Regarding treatment, Chile has programmes to increase
the number of individuals with access to treatment, which
started with the *‘Pilot national treatment program for Mul-
tiple Sclerosis patients belonging to the public health care
system of Chile (FONASA) with immunomodulatory disease-
modifying therapies,’’® later supported by the Explicit
Health Guarantees program?® and the Ricarte Soto law?’;
however, the impact of these programmes on ASMR would
require a counterfactual approach. Furthermore, a case-
control study would be necessary to assess treatment. Both
scenarios are beyond the scope of this research.

It is important to consider population changes, as MS
interacts with natural ageing, comorbidities, and decreased
effectiveness of the disease-modifying therapy due to the
neurodegeneration that accumulates over time.?? An anal-
ysis of the crude mortality rate of MS revealed an increase
of 25% for the total population, and disaggregated by sex,
increases of 40% in women and 10% in men between 1997-
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2019. However, when considering population changes, we
can confirm that the risk of death due to MS has decreased by
28.46% in the total population, 8.28% in women, and 49.69%
in men. This apparent increase in the crude rate may be due
to the increase in population size and ageing of the Chilean
population. Thus, in clinical practice, though there may be
anincrease in deaths due to MS, the risk of death has actually
decreased.

Regarding latitude, a study published in BMC Neurology
in 2022 reported a non-linear association between latitude
and disease severity.*’ The most severe MS is associated with
higher latitudes, which is explained by the lower exposure
to UVB radiation and, therefore, lower vitamin D levels;
in addition to being a risk factor, this is associated with
increased level of disability before the ages of 6 and 18
years.’® Therefore, latitude as a risk factor for MS is more
significant in the first years of life, thus showing an increased
frequency in individuals living their first 15 years of life in
temperate zones (1/2000) than those living in tropical zones
(1/10000).3" According to our findings, no significant down-
ward trend in ASMR was observed in the southern region of
Chile as compared with northern areas, which may be due
to the small number of cases. For this difference between
regions, although it may be associated with low exposure to
UVB radiation in the early years of life, the influence of Euro-
pean genetic inheritance (associated with higher incidence
of MS) in the southern area should also be considered.® In
Chile, high levels of immigration were observed in this region
from 1883 due to the hiring of French, German, Swedish,
and Italian settlers.?? Furthermore, as Chile’s population is
concentrated in the northern and central areas,** a higher
number of cases in the south may be in line with inter-
national data, with increased mortality rates in temperate
zones.** This is reflected in the prevalence of MS in Brazil,
which is 7 times lower than in Australia, 19 times lower than
in Europe (with the exception of Croatia and Slovenia), and
42 times lower than in Canada.*

In the international context, between 1990 and 2016,
the ASMR of MS decreased by 11.5%; however, when
data were disaggregated by country, these changes were
not significant.’® These findings are coherent with those
obtained in our study when data were disaggregated by
sex, but not when the total population is analysed, which
revealed a significant downward trend. The international
data may be explained by the fact that the 2010 and
2017 McDonald criteria enable earlier diagnosis of patients
with MS; therefore, there is a decrease in relapses and
symptoms, which results in lower mortality rates.?? Envi-
ronmental factors may also explain a milder presentation
of relapsing-remitting MS (RRMS). One example is smok-
ing, whose prevalence has decreased in Europe and North
America. Smoking is associated with higher numbers of
relapses, worsening of the disease, and decreased effi-
cacy of disease-modifying therapy.?? Furthermore, evidence
reported in the USA shows decreased activity of RRMS,
which may be attributed to new disease-modifying thera-
pies, which are more efficacious in preventing relapses and
disease progression.??

In Chile, little information is available on the incidence,
prevalence, or mortality rates of MS; therefore, this study
provides evidence on this rare condition.

Among the limitations of our study, we could not calcu-
late the median age of death due to MS, as the data provided
by the Chilean Ministry of Health were categorised per 5-
year periods. Furthermore, we could not evaluate trends
in mortality rates by age group due to the low number of
deaths, and therefore were unable to identify whether any
age group was more affected. Additionally, there may be a
bias in the recording of the basic cause of death listed on
the DC, as a neurologist is not always present to confirm
diagnosis at the time of death. The variability of mortality
rates in the study period is the result of the low number of
deaths: when this number increases, rates change consider-
ably. Furthermore, as no incidence data are available, it is
not possible to establish a complete picture of MS.

Conclusion

Over the period 1997-2019, the ASMR of MS in Chile
decreased from 2005, possibly due to the implementation
of the updated diagnostic criteria. We observed a decrease
in the risk of death due to MS in women and men, despite
the upward trend in crude death rates. This is explained
by the increased sample size and population ageing. We
also observed an association between the ASMR of MS and
latitude, with a significantly decreased ASMR only being
observed in the north area. Though the rate of mortality
due to MS in Chile is low, this disease involves high costs
for families and healthcare systems, and further studies are
therefore needed to establish its incidence.

Funding

This study received no funding of any kind.

Declaration of competing interest

The authors have no conflicts of interest to declare.

Acknowledgements

We would like to thank the Chilean Ministry of Health for
providing us with the data for the study.

References

1. Delgado-Cabrera R, Galan-Palma PA, Fernandez-Mogollon JL.
Clinical-epidemiological characteristics of patients with mul-
tiple sclerosis in two high complexity hospitals. Rev Cuerpo
Med Hosp Nac Almanzor Aguinaga Asenjo. 2021;14(1):35—9,
http://dx.doi.org/10.35434/rcmhnaaa.2021.141.868.

2. Amezcua L, Rivas E, Joseph S, Zhang J, Liu L. Multiple Sclerosis
mortality by race/ethnicity, age, sex, and time period in the
United States, 1999-2015. Neuroepidemiology. 2018;50:35—40,
http://dx.doi.org/10.1159/000484213.

846


dx.doi.org/10.35434/rcmhnaaa.2021.141.868
dx.doi.org/10.1159/000484213

Neurologia 40 (2025) 840—848

10.

1.

12.

13.

14.

15.

16.

17.

. Haase S,

. Vazquez-Gomez

. Ninoska Fritz E, Yerko Medina P, Pedro Morales R. Esclerosis

multiple en Chile: Tendencia de los egresos hospitalarios entre
los anos 2017- 2020. Revista Anacem [Internet]. 2001:63—6
https://revista.anacem.cl/wp-content/uploads/2022/02/
Esclerosis-multiple-en-Chile.pdf

. Dobson R, Giovannoni G. Multiple sclerosis — a review.

Eur J Neurol [Internet]. 2019;26(1):27—40, http://dx.doi.org/
10.35434/rcmhnaaa.2021.141.868.

Linker RA. Inflammation in multiple sclerosis
[Internet]. Therapeutic advances in neurological disorders,
vol. 14. SAGE Publications Ltd.; 2021, http://dx.doi.org/
10.1177/17562864211007687.

. Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie

RA, et al. Rising prevalence of multiple sclerosis world-
wide: insights from the Atlas of MS, third edition. Mult
Scler J [Internet]. 2020;26(14):1816—21, http://dx.doi.org/10
.1177/1352458520970841.

Lazaro Aurelio, Hidalgo Mesa Carlos,
Beltran Gonzalez BenitaMabel, Broche-Pérez  Yunier,
Mederos-Herrera Ana Maria. Perfil epidemiologico, clinico
e imagenoldgico de la esclerosis multiple. MediSur.
2021;19(6):948—58. Epub 30 December 2021 http://scielo
.sld.cu/scielo.php?script=sci_arttext&pid=51727-897X2021000
6009486 Ing=es&ting=es

. Diaz V, Barahona J, Antinao J, Quezada R, Delgado I, Silva C,

et al. Incidence of multiple sclerosis in Chile. A hospital reg-
istry study. Acta Neurol Scand [Internet]. 2012;125(1):71-5,
http://dx.doi.org/10.1111/j.1600-0404.2011.01571.x.

. Nogales-Gaete J, Aracena R, Agurto P, Cepeda S, Figueroa

C, Gonzalez C, et al. Programa piloto para pacientes
beneficiarios de Fonasa, que padecen Esclerosis Multiple:
Tratamiento con Inmunomoduladores en el Sistema PUblico
de Salud de Chile. Informe del primer ano, 10 de julio
2008-30 de Junio 2009. Revchilneuro-psiquiatr. 2010;48:9—-92,
http://dx.doi.org/10.4067/5S0717-92272010000100002.

Guia Clinica. Esclerosis multiple [Internet]; 2010. Available
from: https://diprece.minsal.cl/wrdprss_minsal/wp-content
/uploads/2014/12/Esclerosis-M%C3%BAltiple.pdf

World Health Organization. Clasificacion estadistica inter-
nacional de enfermedades y problemas relacionados
con la salud [Internet]. OPS, Oficina Sanitaria Panamer-
icana, Oficina Regional de la Organizacion Mundial de
la Salud; 1995. Available from: https://iris.paho.org/
bitstream/handle/10665.2/6282/Volume1.pdf

Ahmad OB, Boschi-Pinto C, Lopez Christopher AD, Murray JL,
Lozano R, Inoue M. AGE standardization of rates: A new who.
Standard: World Health Organization; 2001.

Morrow V, Lives Y, Boddy J, Lamb R. The ethics of secondary data
analysis: Learning from the experience of sharing qualitative
data from young people and their families in an international
study of childhood poverty [Internet]; 2014. Available from:
www.younglives.org.uk

Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation
tests for joinpoint regression with applications to cancer
rates. Stat Med. 2000;19(3):335—51, http://dx.doi.org/10
.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.
0.CO;2-Z.

Valls J, Cléries R, Glvez J, Moreno V, Gispert R, Borrs JM,
et al. RiskDiff: a web tool for the analysis of the differ-
ence due to risk and demographic factors for incidence or
mortality data. BMC Public Health. 2009;9, http://dx.doi.
org/10.1186/1471-2458-9-473.

Bashir S, Estéve J. Analysing the difference due to risk and
demographic factors for incidence or mortality. Int J Epidemiol.
2000;29(5):878—84, http://dx.doi.org/10.1093/ije/29.5.878.
Jhonson L. Carencia de vitamina D [Internet]. In: Manual
Merk; 2022. Available from: https://www.merckmanuals.com

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

847

/es-us/hogar/trastornos-nutricionales/vitaminas/carencia-de
-vitamina-d

Ministerio de Salud. Encuesta Nacional de Salud ENS Chile 2009
- 2010. Pontificia Universidad Catodlica de Chile, Universidad
Alberto Hurtado; 2010.

Ministerio de Salud. Facultad de Medicina PUC de C,
Centro UC encuestas y estudios longitudinales. Informe
Final ENS (Producto N°4 - Version 3) [Internet]. Santi-
ago; 2017. p. 40-329. Available from: http://epi.minsal
.cl/wp-content/uploads/2021/01/ENS_2016_2017_Informe_final
_V4.3.pdf

Ministerio de Salud. Encuesta Nacional de Salud 2016 - 2017,
Primeros Resultados [Internet]. Santiago; 2017. Available from:
https://www.minsal.cl/wp-content/uploads/2017/11/ENS-2016
-17_PRIMEROS-RESULTADOS. pdf

Carnero Contentti E. Criterios diagnosticos para esclerosis
multiple: revision de los criterios de McDonald 2010. Neurologia
Argentina. 2012;4(2):102—4.

Sorensen PS, Sellebjerg F, Hartung HP, Montalban X,
Comi G, Tintoré M. The apparently milder course of
multiple sclerosis: changes in the diagnostic criteria,
therapy and natural history. Brain. 2020;143(9):2637-52,
http://dx.doi.org/10.1093/brain/awaa145.

Schwenkenbecher P, Wurster U, Konen FF, Gingele S, Siihs KW,
Wattjes MP, et al. Impact of the McDonald criteria 2017 on early
diagnosis of relapsing-remitting multiple sclerosis. Front Neu-
rol. 2019;10, http://dx.doi.org/10.3389/fneur.2019.00188.
Huete LI. Neurorradiologia: breve historia de su desar-
rollo en Chile. Rev Chil Radiol. 2003;9(2), http://dx.doi.org
/10.4067/50717-93082003000200010.

SAVAL net. Hospital Barros Luco incorpora moderno equipo de
resonancia magnética nuclear [Internet]; 2005. Available from:
https://www.savalnet.cl/mundo-medico/noticias/6258.html
Asociacion de Mutuales. Chile Tiene Menos De La Mitad De
Los Resonadores Magnéticos Y Escaneres Que El Promedio
De Los Paises De La OCDE [Internet]; 2017. Available from:
https://www.asociaciondemutuales.cl/2014/07/28/chile-tiene
-menos-de-la-mitad-de-los-resonadores-magneticos-y-
escaneres-que-el-promedio-de-los-paises-de-la-ocde/
Ministerio de Salud. CASEN. SALUD, Sintesis de resultados
[Internet]; 2018. Available from: https://www.minsal.cl/wp-
content/uploads/2018/10/CASEN-Salud-2017.pdf

Chile Atiende, Gobierno de Chile. Ley Ricarte Soto [Inter-
net]; 2023. Available from: https://www.chileatiende.gob.
cl/fichas/38873-ley-ricarte-soto

Ministerio de Salud, Gobierno de Chile. 67. Esclerosis
multiple remitente recurrente [Internet]. Available from:
https://auge.minsal.cl/problemasdesalud/index/67.
Vasanthaprasad V, Khurana V, Vadapalle S, et al. System-
atic literature review and meta-analysis of the prevalence of
secondary progressive multiple sclerosis in the USA, Europe,
Canada, Australia, and Brazil. BMC Neurol. 2022;22:301,
http://dx.doi.org/10.1186/s12883-022-02820-0.

. Levin Michael C. Esclerosis Multiple (EM). In: Manual Merk.

2022; 2021. Available from: https://www.merckmanuals.com/
professional/neurologic-disorders/demyelinating-disorders/
multiple-sclerosis-ms

Bravo G, Carmen A, Carrasco N, Migratorios P. Procesos
Migratorios en Chile: una mirada Historica-Normativa.
Academia Nacional de Estudios Politicos y Estratégicos
ANEPE [Internet]. Available from: https://anepe.cl/wp-
content/uploads/2020/10/LIBRO-ANEPE-43.pdf.

Biblioteca del Congreso Nacional de Chile. El fenémeno
migratorio: Marzo 2019. In: Evolucion legislativa nacional,
experiencia comparada y principales puntos de conflicto en la
actual discusion legislativa [Internet]; 2019. Available from:
https://www.bcn.cl/siit/actualidad-territorial/Cens0%202017


https://revista.anacem.cl/wp-content/uploads/2022/02/Esclerosis-multiple-en-Chile.pdf
https://revista.anacem.cl/wp-content/uploads/2022/02/Esclerosis-multiple-en-Chile.pdf
dx.doi.org/10.35434/rcmhnaaa.2021.141.868
dx.doi.org/10.35434/rcmhnaaa.2021.141.868
dx.doi.org/10.1177/17562864211007687
dx.doi.org/10.1177/17562864211007687
dx.doi.org/10.1177/1352458520970841
dx.doi.org/10.1177/1352458520970841
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1727-897X2021000600948&lng=es&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1727-897X2021000600948&lng=es&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1727-897X2021000600948&lng=es&tlng=es
dx.doi.org/10.1111/j.1600-0404.2011.01571.x
dx.doi.org/10.4067/S0717-92272010000100002
https://diprece.minsal.cl/wrdprss_minsal/wp-content/uploads/2014/12/Esclerosis-M%C3%BAltiple.pdf
https://diprece.minsal.cl/wrdprss_minsal/wp-content/uploads/2014/12/Esclerosis-M%C3%BAltiple.pdf
https://iris.paho.org/bitstream/handle/10665.2/6282/Volume1.pdf
https://iris.paho.org/bitstream/handle/10665.2/6282/Volume1.pdf
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0060
http://www.younglives.org.uk
dx.doi.org/10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z
dx.doi.org/10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z
dx.doi.org/10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z
dx.doi.org/10.1186/1471-2458-9-473
dx.doi.org/10.1186/1471-2458-9-473
dx.doi.org/10.1093/ije/29.5.878
https://www.merckmanuals.com/es-us/hogar/trastornos-nutricionales/vitaminas/carencia-de-vitamina-d
https://www.merckmanuals.com/es-us/hogar/trastornos-nutricionales/vitaminas/carencia-de-vitamina-d
https://www.merckmanuals.com/es-us/hogar/trastornos-nutricionales/vitaminas/carencia-de-vitamina-d
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0090
http://epi.minsal.cl/wp-content/uploads/2021/01/ENS_2016_2017_Informe_final_V4.3.pdf
http://epi.minsal.cl/wp-content/uploads/2021/01/ENS_2016_2017_Informe_final_V4.3.pdf
http://epi.minsal.cl/wp-content/uploads/2021/01/ENS_2016_2017_Informe_final_V4.3.pdf
https://www.minsal.cl/wp-content/uploads/2017/11/ENS-2016-17_PRIMEROS-RESULTADOS.pdf
https://www.minsal.cl/wp-content/uploads/2017/11/ENS-2016-17_PRIMEROS-RESULTADOS.pdf
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00098-7/sbref0105
dx.doi.org/10.1093/brain/awaa145
dx.doi.org/10.3389/fneur.2019.00188
dx.doi.org/10.4067/S0717-93082003000200010
dx.doi.org/10.4067/S0717-93082003000200010
https://www.savalnet.cl/mundo-medico/noticias/6258.html
https://www.asociaciondemutuales.cl/2014/07/28/chile-tiene-menos-de-la-mitad-de-los-resonadores-magneticos-y-escaneres-que-el-promedio-de-los-paises-de-la-ocde/
https://www.asociaciondemutuales.cl/2014/07/28/chile-tiene-menos-de-la-mitad-de-los-resonadores-magneticos-y-escaneres-que-el-promedio-de-los-paises-de-la-ocde/
https://www.asociaciondemutuales.cl/2014/07/28/chile-tiene-menos-de-la-mitad-de-los-resonadores-magneticos-y-escaneres-que-el-promedio-de-los-paises-de-la-ocde/
https://www.minsal.cl/wp-content/uploads/2018/10/CASEN-Salud-2017.pdf
https://www.minsal.cl/wp-content/uploads/2018/10/CASEN-Salud-2017.pdf
https://www.chileatiende.gob.cl/fichas/38873-ley-ricarte-soto
https://www.chileatiende.gob.cl/fichas/38873-ley-ricarte-soto
https://auge.minsal.cl/problemasdesalud/index/67
dx.doi.org/10.1186/s12883-022-02820-0
https://www.merckmanuals.com/professional/neurologic-disorders/demyelinating-disorders/multiple-sclerosis-ms
https://www.merckmanuals.com/professional/neurologic-disorders/demyelinating-disorders/multiple-sclerosis-ms
https://www.merckmanuals.com/professional/neurologic-disorders/demyelinating-disorders/multiple-sclerosis-ms
https://anepe.cl/wp-content/uploads/2020/10/LIBRO-ANEPE-43.pdf
https://anepe.cl/wp-content/uploads/2020/10/LIBRO-ANEPE-43.pdf
https://www.bcn.cl/siit/actualidad-territorial/Censo 2017 Comuna/#:~:text=Del panorama regional%2C se puede,(1.815.902 personas)

J. Arriagada Opazo, V. Farah Gonzalez, M. Gonzalez Delgadillo et al.

34.

%20Comuna/#:~:text=Del%20panorama%20regional%2C%20
se%20puede, (1.815.902%20personas)

Vitkova M, Diouf I, Malpas C, Horakova D, Kubala Havr-

dova E, Patti F, et al. Association of latitude and ysis for cited the Global Burden of Disease Study 2016.
exposure to ultraviolet B radiation with severity of Lancet Neurol. 2019;18(3):269—85, http://dx.doi.org/10
multiple  sclerosis. Neurology.  2022;98(24):e2401—-12, .1016/51474-4422(18)30443-5.
http://dx.doi.org/10.1212/WNL.0000000000200545.

35. Wallin MT, Culpepper WJ, Nichols E, Bhutta ZA, Gebre-
hiwot TT, Hay SI, et al. Global, regional, and national
burden of multiple sclerosis 1990—2016: a systematic anal-

848


https://www.bcn.cl/siit/actualidad-territorial/Censo 2017 Comuna/#:~:text=Del panorama regional%2C se puede,(1.815.902 personas)
https://www.bcn.cl/siit/actualidad-territorial/Censo 2017 Comuna/#:~:text=Del panorama regional%2C se puede,(1.815.902 personas)
dx.doi.org/10.1212/WNL.0000000000200545
dx.doi.org/10.1016/S1474-4422(18)30443-5
dx.doi.org/10.1016/S1474-4422(18)30443-5

	Multiple sclerosis mortality trends by sex in Chile, 1997–2019
	Introduction
	Material and methods
	Study design and population
	Ethical standards
	Statistical analysis

	Results
	Discussion
	Conclusion
	Funding
	Declaration of competing interest
	Acknowledgements

	References

