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Systematic review Methods: We performed a systematic search of the MedLine database and reviewed the refe-

rence lists of the articles gathered. We collected studies reporting prevalence or incidence
rates of multiple sclerosis in any geographical location in Spain, with no time limits. In 70% of
cases, data were extracted by 2 researchers (FGL and EAC); any discrepancies were resolved
by consensus.

Results: We identified 51 prevalence and 33 incidence studies published between 1968 and
2018. In the adjusted analysis, the number of prevalent cases per 100 000 population increased
by 26.6 (95% confidence interval [CI], 21.5—31.8) every 10 years. After adjusting for year and lat-
itude, the number of incident cases per 100 000 population increased by 1.34 (95% Cl, 0.98—1.69)
every 10 years. We observed a trend toward higher prevalence and incidence rates at higher
latitudes.

Conclusions: The prevalence of multiple sclerosis in Spain has increased in recent decades,
although case ascertainment appears to be incomplete in many studies. Incidence rates have
also increased, but this may be due to recent improvements in the detection of new cases.
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Incidencia y prevalencia de la esclerosis multiple en Espafa. Una revision sistematica

Resumen

Introduccion: El conocimiento de la prevalencia y de la incidencia de la esclerosis multiple en
Espana y de sus tendencias temporales es necesario para planificar mejor los servicios clinicos
y estudiar factores etioldgicos.

Método: Se efectud una revision sistematica, mediante una blsqueda en Medline y en las
referencias de cada articulo, de todos los estudios que describieran cifras de prevalencia o de
incidencia de la esclerosis multiple en algln lugar geografico de Espafa, sin limites temporales.
En el 70% de los casos la extraccion de datos la hicieron dos observadores (FGL y EAC), que
resolvieron las discrepancias por consenso.

Resultados: Se identificaron 51 estudios de prevalencia y 33 de incidencia entre 1968 y 2018.
En el analisis ajustado, por cada 10 afos la prevalencia por 100 000 habitantes aumento en 26,6
(intervalo de confianza —IC— del 95%, 21,5 a 31,8). Segun los datos del analisis ajustado por
el afo y la latitud, por cada 10 afios la incidencia por 100 000 habitantes aumenté en 1,34 (IC
95%, 0,98 a 1,69). Se observé una tendencia de mayores prevalencias e incidencias en latitudes
mas altas.

Conclusiones: La prevalencia de la esclerosis multiple aumenté en las ultimas décadas en
Espaiia, aunque en muchos estudios la verificacion de casos parece haber sido incompleta. La
incidencia también aumento, pero eso puede deberse a una deteccion de casos nuevos mas
exhaustiva en los Ultimos afos.

© 2022 Sociedad Espaiiola de Neurologia. Publicado por Elsevier Espafa, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Multiple sclerosis (MS) is a chronic neurological disease charac-
terised by destruction of myelin in the central nervous system,
leading to varying degrees of axonal and neuronal damage. It causes
a wide range of symptoms, which frequently worsen over time,
leading to disability. MS is the second leading cause of neurological
disability in young adults, after trauma.’-?

MS is an autoimmune disease with a progressive degenerative
component. Although its aetiology is unknown, a combination of
environmental factors and genetic predisposition are thought to
play a role. Environmental factors include Epstein-Barr virus infec-
tion, low exposure to sunlight, and low vitamin D levels. At least
233 genetic loci associated with the disease have been identified,
32 of which are located in the major histocompatibility complex.>*

Temporal trends in the incidence of MS may help to improve
our understanding of its aetiology. However, given the difficulty
of studying the incidence of MS, many hypotheses are based on
prevalence data. The most widely accepted hypothesis is that for-
mulated by Kurtzke,® who established 3 bands of high, medium, and
low frequency according to geographical latitude, with prevalence
being greater at higher latitudes. Spain is located in the medium-
prevalence band.

Many prevalence studies have been conducted in Spain,®’
revealing a steady increase in the crude prevalence of MS over time.
Spain seems to have become a country with a high prevalence of
MS. The incidence of MS in Spain has also been studied,®’ though
less extensively and with highly heterogeneous results.

The purpose of this study was to analyse and update the infor-
mation on the incidence and prevalence of MS in Spain.

Methods
Design

We performed a systematic review of the literature.

Data sources

We performed a literature search on MEDLINE, using the PubMed
search engine. We also reviewed the works cited in the reference
sections of the original articles and literature reviews gathered in
the literature search.

The search strategy used was as follows: ((‘‘multiple
sclerosis’’[MeSH Terms] OR (“‘multiple’’[All Fields] AND
“*sclerosis’’[All  Fields]) OR ‘‘multiple sclerosis’’[All Fields])
AND (‘‘epidemiology’’[MeSH Subheading] OR ‘‘epidemiology’’[All
Fields] OR ‘‘prevalence’’[All Fields] OR ‘‘prevalence’’[MeSH
Terms] OR ‘‘prevalence’’[All Fields] OR ‘‘prevalences’’[All
Fields] OR ‘‘prevalences’’[All Fields] OR ‘‘prevalent’’[All Fields]
OR ‘‘prevalently’’[All Fields] OR ‘‘prevalents’’[All Fields] OR
(“‘epidemiology’’[MeSH Subheading] OR ‘‘epidemiology’’[All
Fields] OR ‘fincidence’’[All Fields] OR ‘‘incidence’’[MeSH
Terms] OR ‘‘incidences’’[All Fields] OR ‘‘incident’’[All Fields]
OR ‘‘incidents’’[All Fields]))) AND (‘‘Spain’’[MeSH Terms] OR
*Spain’’[All Fields] OR ‘‘Spain s’’[All Fields]).

Study selection

We selected all studies reporting prevalence or incidence rates for
MS in any location in Spain, from 1966 to 29 March 2021.

Extraction of data

We gathered the following data from prevalence studies: location,
date of estimation, diagnostic criteria used, sources for case col-
lection, total number of prevalent cases and distribution by sex and
age group, population of the geographical area under study and dis-
tribution by sex and age group, estimated prevalence, sex ratio, and
mean age (standard deviation) at symptom onset.
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MEDLINE search:
538 references

v

37 valid references

References in
articles: 21

58 valid references

v

59 prevalence
studies

8 studies
excluded

\/

51 valid prevalence
studies

Figure 1

From each incidence study, the following data were gathered:
location, period of estimation, diagnostic criteria used, population
of the geographical area under study, and estimated incidence.

For 70% of studies, data were collected by 2 researchers (FJGL
and EAC); any discrepancies were solved by consensus.

Main outcome measures

Point prevalence and incidence are expressed as the number of
cases per 100 000 population.

Data synthesis and analysis

We calculated 95% confidence intervals for prevalence and inci-
dence rates using the Poisson distribution. For prevalence rates, we
used the reported or calculated cases from each study and the pop-
ulation of the geographical area under study. For incidence rates,
we used the population of the geographical area under study to
calculate the population corresponding to the period of estima-
tion (person-years) and the number of cases needed to reach the
described incidence.

We built forest plots to analyse the results of the included preva-
lence and incidence studies.® Given the expected heterogeneity of
study results and methodological differences, we decided not to
perform a meta-analysis of the data. However, we did assess study
heterogeneity with random effects models.

We performed meta-regression analyses’ to analyse the impact
of the calendar year and geographical latitude on the incidence
and prevalence of MS. The meta-regression analysis of prevalence

v
42 incidence
studies
9 studies
excluded
\/
33 valid incidence
studies

Flow chart of the study selection process.

also included the number of sources used to collect cases as an
independent variable, whereas the meta-regression analysis of inci-
dence included the length of the period of estimation, in years. In
both cases, we conducted a sensitivity analysis exclusively including
studies published in journals indexed in MEDLINE.

All statistical analyses were performed using Stata (version
15).10

Ethics approval

The study did not involve any patients, biological samples, or per-
sonal data; therefore, institutional ethics committee approval was
not necessary.

Results

The results of our literature search are shown in Fig. 1. We
finally selected 51 prevalence studies'' > and 33 incidence
studies, 1,13,15,16,19,20,27,28,30-32,35-37,39-45,50,51,53-60  correspond-
ing to a total of 50 bibliographic references (Table 1). We excluded 8
incidence and prevalence studies (conducted in Alcoy,®'—®3 Osona,
Ponent,%%% La Corufia,®” and Ourense®®) presenting very similar
periods of estimation (less than 5 years apart) to those of other stud-
ies exploring the same geographical area. Furthermore, 2 incidence
studies included the same period of estimation for overlapping geo-
graphical areas; therefore, we excluded the study with the shorter
period of estimation.?? Over the total period of over 50 years, stud-
ies have been conducted in all Spanish autonomous communities
except Extremadura.
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Table 1  Prevalence and incidence studies conducted in Spain included in our systematic review.

Authors Reference Location Measure?® Year Source type®

Oliveras de la Riva et al. 11 Barcelona P 1968 Abs (no ML)

Miro et al. 12 Cantabria | and P 1980 (P) and 1976-1980 (1) A (ML)

Sosa Enriquez et al. 13 Las Palmas (province) | and P 1981 (P) and 1971-19812 (l) A (ML)

Fernandez et al. 14 Malaga (province) P 1984 A (ML)

Barduzal et al. 15 Aragon | and P 1985 (P) and 1975-1985 (1) A (ML)

Antoén Aranda et al. 16 Navarre | and P 1986 (P) and 1951-1986 (1) A (ML)

Ruiz Ezquerro et al. 20 Salamanca and Zamora | 1980-1987 Abs, BC (no ML)
(provinces)

Barranquero et al. 17 Seville (1 healthcare P 1987 L (ML)
centre)

Garcia et al. 18 Lanzarote P 1987 A (ML)

Matias Guiu et al. 19 Hoya de Alcoy and | and P 1988 (P) and 1986-1988 (1) A (ML)
Condado de Cocentaina

Mallada-Frechin et al. 59 Alcoy (healthcare I 1986-1998 A (ML)
district)

Ruiz Ezquerro et al. 20 Salamanca (province) P 1988 Abs, BC (no ML)

Ruiz Ezquerro et al. 21 Zamora (province) P 1988 BC (no ML)

Lopez-Larrea et al. 22 Asturias P 1989 A (ML)

Uria et al. 28 Gijon (healthcare P 1989 (P) and 1987-1990 (1) A (ML)
district)

Bufill et al. 24 Osona P 1991 A (ML)

Fernandez et al. 25 Vélez-Malaga P 1992 A (ML)

Navarro et al. 26 Catalonia P 1993 A (no ML)

Sempere et al. 27 Segovia (healthcare | and P 1994 (P) and 1980-1993 (1) L (ML)
district)

Uria et al. 28 Gijon (2 healthcare land P 1994 A (ML)
centres)

Muioz Garcia et al. 29 Vigo P 1994 BC (no ML)

Pina et al. 30 Calatayud | and P 1995 (P) and 1990-1996 (1) A (ML)

Casquero et al. 31 Menorca | and P 1996 (P) and 1987-1996 (1) A (ML)

Modrego Pardo et al. 32 Teruel (province) | and P 1996 (P) and 1991-1996 (1) A (ML)

Tola et al. 33 Valladolid (6 healthcare P 1997 A (ML)
districts)

Mallada-Frechin et al. 34 Alcoy (healthcare P 1997 A (ML)
district)

Benito-Leon et al. 35 Mostoles | and P 1998 (P) and 1994-1998 (l) A (ML)
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Table 1 (Continued)

Authors Reference Location Measure?® Year Source type®
Hernandez 36 La Palma I and P 1998 (P) and 1995-1998 (1) A (ML)
Antigiiedad and Mendibe 37 Biscay I and P 1999 (P) and 1988-1997 (1) BC (no ML)
Ruiz Ezquerro 21 Salamanca and Zamora | 1990-1999 BC (no ML)
(provinces)
Ruiz Ezquerro 21 Zamora (province) P 1999 BC (no ML)
Garcia-Gallego and Morera-Guitart 38 Marina Alta P 2001 A (ML)
Moral et al. 39 Ponent I and P 2001 (P) and 1987-2001 (1) Abs (no ML)
Modrego and Pina 40 Lower Aragon I and P 1994 and 2002 (P) and A (ML)
1994-2002 (1)
Aladro et al. 41 Las Palmas I and P 2002 (P) and 1998-2002 (1) A (ML)
Ares et al. 42 Santiago de Compostela I and P 2003 (P) and 1998-2003 (1) A (ML)
Hernandez-Ramos 43 Lanzarote land P 2004 (P) and 2002-2004 (1) T (no ML)
Carmona 44 Alt Emporda I and P 2006 (P) and 2001-2006 (1) Unpubl.
Lopez-Real et al. 45 A Coruna I and P 2006 (P) and 2004-2006 (1) Abs (no ML)
Martin 44 Terres de ’Ebre land P 2007 (P) and 2002-2007 (1) Unpubl.
Fernandez et al. 46 Malaga (province) P 2008 A (ML)
Otero-Romero et al. 47 Osona P 2008 A (ML)
Fernandez-Diaz et al. 48 Albacete (province) P 2009 Abs (no ML)
Candeliere-Merlicco et al. 49 Murcia (healthcare P 2010 A (ML)
district IIl)
Bartulos Iglesias et al. 50 La Rioja land P 2011 (P) and 2001-2011 (1) A (ML)
Izquierdo et al. 51 Seville (North district) I and P 2011 (P) and 1991-2011 (1) A (ML)
Otero-Romero et al. 60 Girona | 2009-2013 A (ML)
Batlle Nadal et al. 52 Tarragona (province) P 2014 Abs (no ML)
Pérez-Pérez et al. 53 Lanzarote land P 2015 (P) and 2008-2015 (I) A (ML)
Costa-Arpin et al. 54 Santiago de Compostela I and P 2015 (P) and 2000-2015 (1) A (ML)
Llaneza Gonzalez 55 Ferrol land P 2015 (P) and 2001-2015 (1) T (no ML)
Carredn-Guarnizo et al. 56 Murcia (healthcare I and P 2016 (P) and 1999-2014 (1) A (ML)
district 1)
Garcia-Estévez et al. 57 Ourense land P 2016 (P) and 2002-2016 (1) A (ML)
Pérez-Carmona et al. 58 San Vicente del Raspeig I and P 2018 (P) and 2006-2018 (1) A (ML)

a |: incidence; P: prevalence.
b A: article; Abs: abstract; BC: book chapter; L: letter to the editor; ML: indexed in MEDLINE; no ML: not indexed in MEDLINE; T: thesis; unpubl.: unpublished.

059—6£€9 (£707) 6€ ©150101NaN
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Table 2 Frequency of the sources used to identify cases of multiple sclerosis.

Source No. (%)
Registry of neurology department at local hospital 37 (86)
Primary care physicians 23 (54)
Patients’ associations 21 (49)
Private neurologists 15 (35)
Registry of neurology department at reference hospital 14 (33)
Minimum basic dataset and hospital clinical record databases 14 (33)
Media outlets 10 (23)
Registry of the Spanish Social Security System 9 (21)
Other specialists at hospital 8 (19)
Ophthalmologists 7 (16)
Rehabilitation physicians 7 (16)
Public lectures 6 (14)
Social workers 6 (14)
Other private physicians 6 (14)
Non-medical healthcare professionals 6 (14)
Local physicians 6 (14)
Registry of centres performing MRI studies 5(12)
Registry of primary care diagnoses 4(9)
Registry of hospital pharmacy department 4 (9)
Social organisations 3(7)
Self-report by patients with multiple sclerosis 3(7)
Registry of rehabilitation centre 3(7)
Death registry 3(7)
Registry of medical inspection services 3(7)
Local offices of the Spanish National Statistics Institute 3(7)
Lectures for medical professionals 2 (5)
Nursing homes 2 (5)
Registry of neurophysiology department 2 (5)
Registry of emergency department 2 (5)
Capture-recapture methods 1(2)
Registry of home-based care unit 1(2)
Non-hospital neurology outpatient clinics 1(2)

Percentages were calculated with a denominator of 52 (total no. of studies indicating the sources for case collection).

Table 2 lists the sources used for collecting cases of MS in the
studies included in our review. The main source was the registry of
cases of MS of the neurology department at the local hospital. Other
important sources were primary care physicians, patients’ associa-
tions, neurologists working in private practice, the registry of cases
of MS of the neurology department at the reference hospital, and
the minimum basic dataset and hospital clinical record databases.
The median number of sources reported in the studies was 4 (range,
0-16; Q1-Qs, 1-6) and the mean number was 4.65.

Regarding the relative importance of the sources used for case
collection, most of the studies providing this information collected
over 80%31-33:41 or 90%'6:54.56 of the cases from neurology depart-
ment registries, although in some studies this source provided only
a small percentage of the cases (17%'® or 55%%4).

Of the 51 studies describing the diagnostic criteria used, 30 (59%)
used the Poser criteria; 7 (14%) used the 2001 McDonald criteria; 5
(10%) used the Rose criteria; 4 (8%) used the Poser and the McDonald
criteria; one (2%) used the Schumacher, the Poser, and the McDon-
ald criteria; one (2%) used the Boston University Workshop criteria
and the Poser criteria; one (2%) used the Poser criteria and the
diagnostic criteria proposed by the Multiple Sclerosis International
Federation (MSIF) International Medical and Scientific Board; and
one (2%) used the McDonald and the Holliday criteria.

Prevalence

The prevalence of MS has increased over time (Fig. 2), with
rates showing great heterogeneity (Cochran Q = 113.28, df = 50
[P < .00001]; I2 = 56%).

Table 3 shows the meta-regression coefficients for prevalence,
considering the impact of year (mid-point of estimation period),
latitude, and number of sources used. An association was observed
between prevalence and the year of the study, with prevalence rates
being higher in more recent years. This association was observed
in analyses adjusted and unadjusted for latitude and number of
sources. According to data from the adjusted analysis, the preva-
lence rate increased by 26.6 cases per 100 000 population every 10
years (95% Cl: 21.5-31.8). This association was more marked after
performing a sensitivity analysis exclusively including studies pub-
lished in journals indexed in MEDLINE (increase of 29.4 cases per
100 000 population every 10 years; 95% Cl, 22.5-36.4).

Fig. 3 shows the plot for the unadjusted meta-regression analysis
of the point prevalence of MS over time. This association showed
an /2 of 97% and an adjusted R? of 72%.

Regarding latitude, the adjusted analysis showed an increase in
point prevalence of 10.4 cases per 100 000 population with every
10° increment in latitude (95% Cl, —2.5 to 23.4); in the adjusted
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Study Prevalence (95% CI
Barcelona, 1968 11 =) 6.08 (4.23-8.45)
Cantabria, 1980 2 1=} 5.60(3.78-7.99)
Las Paimas (province), 1981 1 = 6.29(4.57-8.44)
Malaga (province), 1984 ** L= 3 10.90 (8.98-13.10)
Aragon, 1985 15 = 935 (7.72-11.23)
Navarre, 1986 1 = 16.39 (13.07-20.29)
Seville (1 healthcare centre), 1987 7 = 60.00 (12.37-175.35)
Lanzarote, 1987 —_—F— 15.00 (6.86-28.47)
Hoya de Alcoy and Condado, 1988 *° — 17.18 (10.89-25.77)
Salamanca (provinge), 1988 20 e 1032(7.31-14.17)
Zamora (province), 1988 2! B 11,59 (7.57-16.98)
Asturias, 1989 2 —— 20.00 (14.47-26.94)
Gijon (healthcare district), 1989 ¢ —_— 23.32(14.04-36.42)
Osona, 199124 B— 58.35 (42.05-78.87)
Vélez-Malaga, 1992 _— 52.76 (31.76-82.39)
Catalonia, 1993 2 8 30.70(29.32-32.13)
Segovia, 1994 7 _ 55.79 (37.64-79.64)
Gijon (2 healthcare districts), 1994 2 - 65.14 (40.82-98.62)
Vigo, 1994 2 —=— 28,00 (22.10-35.00)
Lower Aragon, 1994 %0 R 35.80 (22.16-54.72)
Calatayud, 1995 _ 58.03 (40.19-81.09)
Teruel (province), 1996 32 B 32.02(23.44-42.70)
Menorca, 1996 3 B 68.65 (50.26-91.57)
Valladolid (6 healthcare districts), 1997 3 83— 58.30 (43.79-76.06)
Alcoy (healthcare district), 1997 * —_—a— 41.29(31.02-53.87)
Mstoles, 1998 35 —— 4337 (34.64-53.63)
La Palma, 1998 % R = 41.71(28.89-58.29)
Biscay, 1999 ¥ —_— 47.74 (41.88-54.19)
Zamora, 1999 21 —r 40.56 (32.65-49.80)
Marina Alta, 2001 3 —_— 40.18 (30.01-52.69)
Ponent, 20013 - 53.82(49.71-58.18)
Las Palmas, 2002 ** — 73.83 (56.47-94.84)
Lower Aragon, 2003 40 e —— 75.00 (54.50-100.69)
Santiago de Compostela, 2003 —_—— 78.72 (61.48-99.30)
Lanzarote, 2004 43 PR N S 47.16 (35.99-60.71)
Alt Emporda, 2006 * 4 63.71(50.44-79.40)
A Corufia, 2006 ** —a— 71.10 (60.90-82.52)
Terres de 'Ebre, 2007 R 72.26 (59.66-86.74)
Malaga (provincia), 2008 —— 125,65 (120.09-131.40)
Osona, 2008 + e 79.93 (66.27-95.57)
Albacete (province), 2009 R — 73.09 (64.96-81.95)
Murcia (healthcare district Il 2010 42 P 71.91 (59.77-85.80)
La Rioja, 2011 % R E— 65.02 (56.53-74.44)
Seville (North district), 20115 P S 95.52 (81.12-111.74)
Tarragona (province), 2014 52 e 73.10(67.34-79.21)
Lanzarote, 2015 % — gt 49.58(38.72-62.54)
Santiago de Compostela, 2015 54 RS~ M 151.65 (127.98-178.45)
Ferrol, 2015 % PR S 109.84 (95.61-125.58)
Murcia (healthcare district I}, 2016 % S E— 28,03 (76.95 -100.26)
Ourense, 2016 5/ - =) = 184.15 (159.21-211.89)
San Vicente del Raspeig, 2018 ** B — 111.94 (86.21-142.94)
0 50 100 150 200 250

Figure 2

Forest plot of the point prevalence of multiple sclerosis in Spain. The figure shows all the studies, by year (mid-point of

the estimation period), and their point prevalence estimates per 100 000 population along with 95% confidence intervals (Poisson
distribution). The vertical line indicates the weighted average of the studies (53.41), although no meta-analysis was conducted.

Table 3

Meta-regression coefficients of the influence of several factors on the point prevalence of multiple sclerosis, in number

of cases per 100 000 population. Adjusted and unadjusted analysis.

Variable Unadjusted analysis Adjusted analysis®
Coefficient 95% confidence Coefficient 95% confidence
interval interval
All studies
Year (mid-point of estimation period) 2.65 2.12 to 3.18 2.66 2.15 to 3.18
Latitude 0.87 —1.49 to 3.22 1.04 —0.25t02.34
No. sources 0.84 —1.67 to 3.35 1.05 —0.36 to 2.47
Studies published in journals indexed in MEDLINE
Year (mid-point of estimation period) 2.98 2.26 to 3.70 2.94 2.25 to 3.64
Latitude 1.23 —1.71 to 4.16 1.30 —0.29 to 2.90
No. sources 1.71 —1.38 to 4.80 1.26 —0.67 t0 2.83

@ Adjusted models include all the variables indicated in the table.

analysis only including articles from journals indexed in MEDLINE,
prevalence increased by 13.0 cases per 100 000 population (95% Cl,
—2.9 t0 29.0).

Incidence

Fig. 4 presents a forest plot of incidence studies conducted in Spain,
ordered by the mid-point of the estimation period. Our results show
an increase in the incidence of MS over the years, with moder-
ate heterogeneity of incidence rates (Cochran Q = 51.40, df = 32
[P = .0163]; /2 = 38%).

Table 4 shows the meta-regression coefficients for incidence,
considering the year (mid-point of estimation period) and latitude.
A correlation was observed between incidence and year, with more
recent years presenting higher incidence rates. This association was

also observed in analyses adjusted and unadjusted for latitude and
study duration (in number of years). According to the results of the
analysis adjusted for year and latitude, incidence increased by 1.34
cases per 100 000 person-years every 10 years (95% Cl, 0.98-1.69).
According to the analysis of studies published in journals indexed
in MEDLINE, incidence rates increased by 1.33 cases per 100 000
population every 10 years (95% Cl, 0.87-1.80).

Fig. 5 shows the plot for the unadjusted meta-regression analysis
of the incidence of MS over time. This association showed an /2 of
90% and an adjusted R? of 69%.

Regarding latitude, the year-adjusted analysis showed an
increase in the incidence rate of 0.87 cases per 100 000 person-
years with every 10° increment in latitude (95% Cl, —0.005 to 1.75);
in the year-adjusted analysis of articles from journals indexed in
MEDLINE, incidence increased by 1.08 cases per 100 000 with every
10° increment (95% ClI, —0.12 to 2.28).
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Table 4 Meta-regression coefficients of the influence of several factors on the incidence of multiple sclerosis, in number of

cases per 100 000 population. Adjusted and unadjusted analysis.

Variable Unadjusted analysis Adjusted analysis®
Coefficient 95% confidence Coefficient 95% confidence
interval interval
All studies
Year (mid-point of estimation period) 0.13 0.10 to 0.17 0.14 0.11 to 0.18
Latitude 0.08 —0.06 to 0.23 0.07 —0.02 to 0.16
Length of estimation period 0.02 —0.10 to0 0.12 0.06 —0.002 to 0.12
Studies published in journals indexed in MEDLINE
Year (mid-point of estimation period) 0.13 0.08 to 0.18 0.14 0.10 to 0.19
Latitude 0.09 —0.10 to 0.28 0.09 —0.03 to 0.21
Length of estimation period 0.02 —0.11 to 0.16 0.06 —0.02 to 0.14
a Adjusted models include all the variables indicated in the table.
We were unable to conduct a meta-regression analysis of age =
at symptom onset as a function of the study year as few studies &7

reported the standard deviation of mean age at symptom onset.
The mean age at symptom onset was 31.14 years (range, 27.3-
36.10), and the median age was 31.25 years (Q-Qs, 29.37-32.37).
We performed a simple linear regression analysis of the relationship
between age at symptom onset and year, and found a slight increase
in age in more recent years, although with a negative lower bound
of the 95% Cl (linear regression coefficient: 0.09; 95% Cl, —0.02 to
0.16).

A simple linear regression analysis was also performed for sex
ratio and year (median: 2.09; range, 1.1-3.29; Q;-Qs, 1.68-2.5). The
female-to-male ratio barely increased over time (linear regression
coefficient: 0.0043; 95% Cl, —0.0123 to 0.0210).

Discussion

This systematic review of prevalence and incidence studies con-
ducted in Spain revealed a clear increase in the prevalence and
incidence of MS over the years, as well as a trend toward a positive
correlation between latitude and prevalence/incidence.

This increase in prevalence rates may be due to multiple factors.
Firstly, the number of detected cases has increased, which in turn
results in fewer undiagnosed cases. The number of sources for case
detection has also increased. However, it has been hypothesised
that prevalence studies still fail to include all existing cases; this
idea is further supported by the great number of records gathered
from MS registries of neurology departments, while some studies
have suggested the use of capture-recapture methods to achieve
more complete estimates. 4667

Secondly, improvements in diagnosis associated with the use
of MRI and CSF analysis and updates in the diagnostic criteria for
MS7%-72Z have increased the number of detected cases, including
some patients who would not have been diagnosed with older cri-
teria. Thirdly, the development of new pharmacological treatments
has favoured the referral of suspected cases to neurology depart-
ments. Furthermore, the development and consolidation of the
Spanish National Health System and the greater predisposition of
the public to seek medical care may have also resulted in greater
likelihood of patients with such neurological conditions as MS, which
presents with relatively mild symptoms in early stages, consult-
ing with their physician. These phenomena are reflected both in a
marked decrease in diagnostic delay’ and in a decrease in median
Expanded Disability Status Scale score’* in prevalent cases over
time. 4’

Lastly, the increased prevalence of MS is largely due to the fact
that the mortality rate associated with the disease is lower than

Point prevalence (no. cases per 100 000 population)

T T T T T T
1970 1980 1990 2000 2010 2020

Year
STata~

Figure3 Meta-regression analysis of the impact of time on the
point prevalence of multiple sclerosis. The straight line reflects
the predicted prevalence by year (mid-point of the estimation
period), the red area reflects the 95% confidence interval, and
the dark blue area reflects the prediction interval. Orange cir-
cles indicate the observed prevalence rates (size is inversely
proportional to total variance), while green triangles reflect
empirical Bayes estimates (ie, the predicted prevalence rates
of the random effects).

the incidence rate, despite the latter remaining stable. Prevalence
comprises the set of all new and pre-existing cases of a condition
(excluding cured or deceased patients). As MS is a chronic disease
with a very low short-term mortality, its prevalence will necessarily
increase over time as long as its incidence is higher than the asso-
ciated mortality. In any case, survival may have increased with the
introduction of disease-modifying treatments.”>

The extent to which a real increase in the incidence of MS in
Spain has contributed to the increase in its prevalence is unclear.
The heterogeneity of results, however, suggests that case detection
may have been incomplete on many occasions.

The increase in incidence rates over time should be interpreted
with caution, since the association does not necessarily imply cau-
sation. Improvements in the methodological quality of the studies,
with greater diagnostic certainty of new cases (in line with the
aforementioned changes in diagnostic and treatment criteria and
greater patient awareness of the need to seek medical attention)
may explain the greater numbers of cases detected in more recent
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Study Incidence (95% CI
Navarre, 1951-1986 16 = 0.49 (0.39-0.60)
Las Palmas, 1971-1981? 13 <= 0.60 (0.43-0.81)
Cantabria, 1976-1980 1 —— 1.20(0.82-1.73)
Aragon, 1975-1985 15 £ 0.70 (0.56-0.86)
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La Palma, 1995-1998 3¢ I 2.15(0.90-4.64)
Lower Aragon, 1994-2002 4° ! 4.55 (2.95-6.84)
Las Palmas, 1998-2002 4! T 4.12 (2.39-6.56)
Santiago de Compostela, 1998-2003 42 5 5.25(3.49-7.71)
Seville (North district), 1991-2011 5! _— 4.61(3.91-5.38)
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Girona, 2009-2013 S | 3.61(3.02-4.26)
San Vicente del Raspeig, 2006-2018 58 & 7.94 (6.09-10.32)
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Figure 4

Forest plot of the incidence of multiple sclerosis in Spain. The figure shows all the studies, by mid-point of the estimation

period, and their incidence estimates per 100 000 person-years along with 95% exact confidence intervals (Poisson distribution).
The vertical line indicates the weighted average of the studies (3.52), although no meta-analysis was conducted.

10
1

Incidence (no. cases per 100 000 person-years)
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Figure 5 Meta-regression analysis of the impact of time on

the incidence of multiple sclerosis. The straight line reflects
the predicted incidence rate by year (mid-point of the estima-
tion period), the red area reflects the 95% confidence interval,
and the dark blue area reflects the prediction interval. Orange
circles indicate the observed incidence rates (size is inversely
proportional to total variance), while green triangles reflect
empirical Bayes estimates (ie, the predicted incidence rates of
the random effects).

studies, in the absence of a real increase in the incidence of MS.
However, we cannot rule out the hypothesis that the observed
increase in the incidence of MS is real.

Researchers from the Biomedical Research Networking Centre on
Neurodegenerative Diseases and the applied epidemiology section
of the Spanish National Centre for Epidemiology, in collaboration

with other authors, have recently published a systematic review of
studies into the incidence of MS in the European Economic Area.”?
This review included 2 studies conducted in Spain (in lower Aragon
and Alcoy), which provide serial determinations of the incidence
of MS over time. These studies revealed a huge fluctuation in the
number of cases per 100 000 person-years, rather than a homoge-
neous, increasing trend, probably due to the small number of new
cases. In Spain, prevalence studies focusing on relatively small areas
(30 000-100 000 inhabitants) have been extremely fruitful, as they
were able to perform more exhaustive tracking of cases. However,
the size of these populations is insufficient to obtain stable rates
for incidence studies, a crucial tool for identifying environmental
factors potentially linked to the aetiology of the disease. In the rest
of Europe, 2 distinct patterns are observed: an increase in incidence
in Northern European countries until the mid-1980s, with a subse-
quent decrease, and a sustained increase in Italy and Greece, with
the latter starting at lower incidence rates.”?

Other European studies have reported diverging results. The
results of the systematic review by Kingwell et al.® are incon-
clusive, since the included studies were highly heterogeneous in
terms of diagnostic criteria and definition of validated cases, and
lacked standardised results. Our study also observed considerable
methodological differences; data synthesis with such techniques as
meta-analysis is therefore not recommended. A more recent study
including data from a Danish registry did find a marked increase
in the incidence of MS in women over the last 50 years (114%),
especially at older ages, whereas incidence in men increased only
slightly (30%).7¢ This study benefits from the strengths of multiple
sclerosis registries, which unify diagnostic criteria, standardise pro-
cedures, and provide extremely valuable information for evaluating
temporal trends.

We found a trend toward an association between preva-
lence/incidence and latitude; however, after considering the year
of the study (mid-point of the estimation period), we can neither
confirm nor rule out Kurtzke’s hypothesis,” since the confidence
intervals are very imprecise, though estimators are positive. Fur-
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ther studies with greater statistical power should aim to clarify
this issue, given the relatively small difference in prevalence and
incidence rates between extreme latitudes in Spain.

Our study has a number of limitations. Firstly, we did not adjust
rates using a standard population; this may have biased the compar-
ison between regions with different age distributions (for instance,
the Canary Islands and Andalusia have younger populations than
those of Galicia and Castile-Leon). Some prevalence studies gave
detailed data by sex and age group, but this was not the case for
incidence studies. Secondly, we did not perform a formal assessment
of study quality with a view to performing the corresponding sen-
sitivity analyses. Although a number of validated instruments have
been developed for quality assessment of randomised controlled
trials and analytical observational studies, such as the Grading of
Recommendations Assessment, Development and Evaluation tool,””
no similar tools exist for incidence and prevalence studies due to
the difficulty of evaluating them. The instrument used by Kingwell
et al.® was specifically designed for their study; therefore, it is not
validated and its content is relatively inconsistent and of unclear
applicability.

One of the strengths of our study is its comprehensiveness, as
it includes nearly every study published on the topic, as well as
evidence from some unpublished studies. Furthermore, it uses the
methods of systematic reviews, although these are less developed
for incidence and prevalence studies.

Despite the difficulty of drawing clear conclusions on the tempo-
ral trends of prevalence and, especially, incidence rates, our study
reveals the existence of a vast network of research groups focusing
on MS, which play an essential role in the organisation of healthcare,
resource allocation, and the development of aetiological studies.
This network may be integrated into a cooperative structure seek-
ing to unify the criteria for case detection and perform a thorough
search of all existing cases in the population of interest. This will
surely shed light on the real prevalence and incidence of MS and its
geographical and temporal variability.
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